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Foreword

Professor Ulrich Köpke, Institute of Organic Agriculture, University of Bonn, Germany; and 
President, International Society of Organic Agriculture Research

At first glance, the title of this compilation, Organic Agriculture: a Global Perspective is puzzling: 
‘global perspective’ is a key phrase used in contemporary political and economic discourses, 
discourses which do not necessarily focus on organic agriculture.

Yet, once one has eventually discerned the various meanings and connotations of the 
phrase, speaking of a ‘global perspective on organic agriculture’ seems more than appropriate, 
and indeed, promising. After all, organic agriculture seeks to pursue a holistic approach, 
encompassing not only farming as such but also the wider implications it has for factors such 
as social relationships and the environment.

This book however, also does justice to its title in a very different way: it is ‘global’ in that 
various contributions elucidate the subject in a general way. Furthermore, the book offers dif-
ferent approaches from different regions of the world, as represented by a host of international 
authors. The subject is thus dealt with ‘globally’ in yet another sense; by encompassing many 
regions of the world, the perspectives albeit shaped by the diversity of regional and local sites 
as well as individual authors’ points of view concerning the specific strategies of organic agri-
culture. This highlights once more the principle of organic agriculture as an environmentally 
sound and site-adapted agricultural approach. Thus, the reader is able to detect specific or 
individual aspects of organic agriculture within broader and more general accounts, far from 
generalisation or simplification.

The reader will gain a comprehensive overview through review-like contributions that 
comprehensively present the state of the art, but also offer fundamentally new and deeper 
insights. Other, more specific contributions offer both new outlooks or conclusions, and 
thoughts on the prospects of organic farming and its further evolution.

The further evolution of organic agriculture presupposes intensified education and training 
in all areas of knowledge and capacity building, especially when it comes to participation and 
the fostering of social competency. Thus, the book is positioned at the intersection of research, 
education and practice.

The further development of organic agriculture, which originally developed out of agricul-
tural practice, is impossible without solid scientific grounding. Nevertheless, insights and 
experience remain without implementation, and therefore effect, if they fail to achieve the 
target groups’ proper reception.

Hence, this book might inspire its readers to continue intensive research in organic agricul-
ture. I hope that it will contribute to the opening up of the scientific community interested in 
organic agriculture and further enhance knowledge transfer. Practicing readers, however, 
might receive ideas and inspiration for modification and improvement of their techniques. 
Lastly, this book might help to intensify the dialogue concerning the opportunities offered by 
organic agriculture taking place with officials in politics and administration.

May this book do justice to its ambitious title and find a good reception among its readers.
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Preface

It is a historically opportune time to review organic agriculture. Alongside the burgeoning 
production and trade in organic produce, increased interaction between researchers and 
organic producers has led to comparable growth in the production of organic knowledge. For 
example, new research centres have been established in many countries and there is increasing 
support from private and government funding agencies for organic-specific research. Growing 
numbers of peer-reviewed journals have been publishing organic agriculture-focused research, 
many organic conferences have been held around the world and the International Society for 
Organic Agriculture Research (ISOFAR) is now supporting organic researchers and promoting 
improved methodologies for researching organic systems.

These activities have created considerable knowledge on organic agriculture, and the 
opportunity for evaluation. There is now sufficient, robust information to begin reviewing the 
strengths and weaknesses, assessing the extent to which its claims are validated and identify-
ing ways to improve the sustainability and productivity of organic agriculture. Certainly, some 
of the work needs further verification or repetition for example, over longer time spans, but 
the quality of research on organic farming systems has been recognised by the top scientific 
forums such as the journals Nature and Science.

Despite the impressive growth in the recent past, the outlook for organic farming is not all 
rosy. The movement has reached a point where there are signs that the large increases in 
demand may be slowing, contamination by genetically modified crops poses a threat, and crit-
icisms have been raised against certain practices such reliance on tillage and the growing 
industrialisation of the movement. The organic movement has a history of almost 100 years, 
with over 50 years of continuous production on some farms. In addition, there has been huge 
growth of the organisations that underpin the organic movement and study by mainstream 
researchers over the last 30 years. Now it is time to evaluate, reflect and revise.

The objectives of this book are to:

•	 describe and critically review key aspects of organic agriculture such as soil fertility 
management, plant and animal production, social and environmental issues, as well as 
training and research;

•	 maintain a global perspective by drawing on a multinational team of authors and 
referring to the widest available data in each section;

•	 combine in one volume the insights of international experts who have direct experience 
with the organic movement, from on-farm work and teaching to marketing and rural 
appraisal; and

•	 provide a unique and timely science-based resource for researchers, teachers, extensionists, 
students, primary producers and others around the world.

There are five main sections to the book. The first section provides a general introduction 
to the organic movement followed by reviews of key agricultural production issues such as 
managing soils, plants and livestock, and breeding plants and animals for organic farming 
systems. The second section deals with overarching regulatory and management concerns 
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including developing effective and verifiable organic standards and certification processes, as 
well as economic and marketing considerations. Section three contains chapters addressing 
the external or off-farm issues, topics that are especially relevant ‘beyond the farm gate’. The 
environmental and social impacts of organic farming are reviewed and differences in food 
quality between farming systems are also discussed in detail. The fourth section deals with 
topics related to developing a knowledge base and building human capacity for organic agri-
culture. The key themes in this section are research, education, extension and training. The 
final section provides a summary of the key issues and challenges raised in the book.

The book gathers together a range of specialists with direct experience with organic farming 
over many years. Authors from over a dozen countries in several continents have contributed 
their knowledge to the book, making it more than just another Eurocentric or North American 
perspective on organic agriculture. A special feature of the book is a series of five ‘Special 
topics’, smaller sections that address key questions or challenges facing organic agriculture. 
These sections are intended to provide a more detailed analysis of specific issues that cannot be 
covered as sufficiently in the larger general chapters.

The book is not designed to be a set of production and marketing guidelines or a ‘how to do 
it’ manual for organic producers; nor are the reviews intended to be uncritical descriptions of 
organic principles and practices. Instead the reviews provide an objective and rigorous critique 
of the issues covered. The purpose is to evaluate, rather than advocate, organic agriculture. 
Some of the reviews presented may be limited by the lack of available data, especially outside 
western Europe and North America. The small size of the organic movement and lack of gov-
ernment and business support over several decades have meant that important data sets (e.g. 
economics of conversion) have not been collected in many regions or at all.

This book is intended to be a unique and indispensable resource that offers a diverse range 
of valuable information, data and perspectives on organic agriculture at a time when the world 
community is increasingly aware of the problems of our current agricultural practices and the 
importance of creating sustainable agricultural and systems for the long-term health of 
humankind and the biosphere as a whole.

Acknowledgements
The editors would like to thank Ilona Schmidt and Jennifer Smith at the University of New 
England for their valuable and expert assistance during the preparation of the book. We also 
thank Ann Crabb and Briana Elwood at CSIRO Publishing for their guidance and support 
throughout the project.

We are grateful to the following people for providing generous support to the project by 
reviewing chapters in this book: Steve Adkins, Viv Burnett, Bruce Cameron, Christie Chang, 
E. Ann Clark, Bruce D’Arcy, Garry Griffith, Chris Guppy, Geoff Hinch, Stephen Johnson, 
Christine King, Prakash Lakshmanan, Don Lotter, Maxine Lyndal-Murphy, Kristen Lyons, 
Carol Miles, Charles Mohler, Roger Packham, Darryl Savage, Letitia Silberbauer, Richard 
Williams and Xianguang Zhang.
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tional Program for Rodale Institute, and Director of the MIAC/Morocco Project in Morocco. 
Since 1977 he has been Professor of Agronomy and Extension Crops Specialist at the Univer-
sity of Nebraska at Lincoln. In Nebraska he was Director of the Centre for Sustainable Agricul-
tural Systems for ten years. Charles has supervised over 50 students for MSc and PhD degrees. 
He has consulted widely with USAID, Rockefeller Foundation, CIMMYT, NORFA and various 
universities. Charles has presented seminars and workshops about sustainable agriculture in 
30 countries and in 35 States in the US. Awards include Fellow of his national Agronomy and 
Crop Science professional societies, International Service in Agronomy, Agricultural Steward-
ship Award from the Nebraska Sustainable Agriculture Society, and Seventh Generation 
Research Award from the Centre for Rural Affairs. His research focuses on crop rotations and 
resource-efficient rural landscape design. Charles teaches about agroecology, urban sprawl, 
science-based organic farming, sustainable agriculture and international development. He is 
author or co-author of 115 journal articles, 65 book chapters, and co-editor of six books. He is 
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co-editor of the Nebraska Press series, Our Sustainable Future. Charles strongly believes in 
experiential learning and putting responsibility for learning with students, while he and his 
teaching colleagues design and catalyse the students’ journeys through a complex and dynamic 
learning landscape.

Nikolai Fuchs undertook an agricultural apprenticeship and agricultural practice in coun-
tries such as Australia. He studied agronomy with a focus on nature conservation and land-
scape ecology in Bonn, Germany, and was head of Naturschutzentrum Eifel, Germany, from 
1994 to 1997. He was an adviser on Demeter farms before becoming Director of the Forsc-
hungsring für Biologisch-Dynamische Wirtschaftsweise in Darmstadt, Germany. Since 2001 
he has been head of the Agricultural Section at the Goetheanum, Dornach, in Switzerland.

Ulrika Geber is the Director of the Centre for Sustainable Agriculture at the Swedish Univer-
sity of Agricultural Sciences. She has a PhD in Crop Science from the Department of Ecology 
and Crop Production Science, SLU. Her research focus is on resilience and the sustainable 
development of ecological farm and food systems. She is leading the work of coordinating and 
communicating research on organic farming in Sweden, as well as initiating interdisciplinary 
research on organic farming.

Darren Halpin is Lecturer in Public Policy at The Robert Gordon University, Aberdeen, 
Scotland. He was formerly a Post Doctoral Research Fellow at both Central Queensland Uni-
versity and Edith Cowan University in Australia. Prior to these appointments he was a Lever-
hulme Visiting Research Fellow in the Politics Department of the University of Aberdeen. He 
has worked for the Research Institute of Organic Agriculture (FiBL) in Switzerland, where he 
was involved in several European and international studies of the socioeconomics and market-
ing of organic agriculture. Darren was coordinator of the recently completed Profile of the 
Australian Organic Industry for Australian Department of Agriculture Food and Fisheries. He 
has published widely in political and rural sociological journals including Sociologia Ruralis, 
Political Studies, Australian Journal of Political Science and the British Journal of Politics and 
International Relations. He edited a volume on agricultural interest groups and globalisation 
entitled Surviving Global Change: Agricultural Interest Groups in Comparative Perspective 
(Ashgate, 2005).

Juha Helenius is an agronomist who does research on biological diversity in agricultural envi-
ronments and on ecology of food systems. He supervises graduate student research in agr-
oecology. He also teaches courses in agricultural systems, agrobiodiversity and sustainable 
plant production as Professor at Helsinki University, Finland. He was previously Head of the 
Department of Applied Biology at the university, and has worked to develop the teaching 
programs on the main university campus as well as in Mikkeli campus in eastern Finland. 
Helenius has published on intercropping, applied entomology, agrobiodiversity and landscape 
ecology for organic and conventional systems, and been an active member of the regional 
design team for the MSc in agroecology.

Bernhard Hörning has a BSc in Agriculture and a MSc in Ecological Environment Protection 
from the University of Kassel in Witzenhausen, Germany. He received a PhD in Agriculture in 
1997 and a Habilitation in 2003, both at the University of Kassel. In 1989, he founded a private 
consultation agency with a specialisation in animal-friendly housing systems. From 1993 to 
2005 he worked at the University of Kassel in Witzenhausen as a Research Associate and later 
as an Assistant Professor. He also taught organic livestock farming as a guest lecturer at the 
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University of Helsinki, Finland, in 2003 and 2004. In 2005, he became Professor at the Univer-
sity of Applied Sciences in Eberswalde near Berlin, where he teaches animal science in Organic 
Agriculture and Marketing. In 1994, Bernhard Hörning received the research award for appro-
priate animal husbandry from the Schweisfurth Foundation in Munich for a study on alterna-
tives in intensive broiler production. Professor Hörning has authored and edited several books 
and many articles on organic animal husbandry. His research activities focus mainly on alter-
native housing systems for farm animals, with interests in alternative breeding approaches and 
organic animal husbandry. He believes that exchange between science and practice is very 
important in organic agriculture. Consequently, most of his research projects are connected 
with on-farm research methods, and he gives numerous talks to farmers and has organised 
conferences to bring farmers, consultants and scientists together. Bernhard is the president of 
the Society for Organic Animal Husbandry (GÖT) and coordinator for rare pig breeds in the 
Society for Rare Breeds (GEH), in Germany and other countries.

John Ikerd, Professor Emeritus of Agricultural Economics, holds BSc, MSc and PhD degrees 
from the University of Missouri, USA. He worked for three years in private industry and 30 
years on the faculties of North Carolina State University, Oklahoma State University, Univer-
sity of Georgia and the University of Missouri, before retiring in early 2000. During his 
academic career, he authored more than 500 publications, including 30 refereed journal articles 
and chapters in books, even though his primary responsibilities were in extension education. 
Ikerd served as Head of the Department of Extension Agricultural Economics at the University 
of Georgia from 1984 to 1988 and as President of Southern Agricultural Economics Associa-
tion during 1986. He served as a State Liaison for the USDA Sustainable Agriculture Research 
and Education program during the early 1990s and as State Co-coordinator of Sustainable 
Agriculture Programs for Missouri from 1995 to 2000. Since retiring, Ikerd spends most of his 
time writing and speaking on issues related to the sustainability of agriculture, and has also 
written two books, three chapters in books, and two forewords to books, in addition to more 
than 100 conference papers.

Helena Kahiluoto is an agroecologist. She has been involved with development of research on 
organic food and farming in MTT Agrifood Research Finland and of research and education 
on that field in the University of Helsinki. Presently she works as Principal Research Scientist 
in MTT Agrifood Research Finland. Her research focuses on sustainable soil-plant systems 
and on sustainability discourses with consequent strategies for food systems and crop hus-
bandry. She is interested in developing systems and interdisciplinary research approaches and 
of progressive inquiry learning.

Nadja Kasperczyk studied Biology at the University of Frankfurt and worked at the Botanical 
Institute (Goethe University) on plant diseases. She then joined the Umlandverband Frank-
furt (UVF), a planning authority, where she collaborated in drawing up the official landscape 
plan for the UVF-Region. In 2002 Nadja joined the Institute for Rural Development Research 
at Goethe University Frankfurt as a Scientific Officer. She participated in the national level 
project ‘Integrating nature conservation goals with the Federal level Support Scheme for the 
Improvement of Agricultures and Coastal Protection’ funded by the Federal Agency for Nature 
Conservation and is engaged with a European Commission-funded project focusing on the 
evaluation of sustainability assessment tools (Global Change and Ecosystems Program). Her 
main research interests are sustainable development and land use, the environment and biodi-
versity, as well as environmental education and communication. She recently completed her 
MA in the area of Environment and Education at the University of Rostock, Germany.
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Karlheinz Knickel studied International Agriculture at the University of Kassel, and com-
pleted post-graduate studies (MSc Crop Physiology) at the University of Reading, UK. He 
completed his PhD in Agricultural Economics at Silsoe College, Cranfield University, UK. 
Karlheinz worked for two years at the Food and Agriculture Organization of the United 
Nations (FAO), carrying out applied research in agricultural production systems analysis, 
planning and development in West Africa (1984–86). He joined the Institute for Rural Devel-
opment Research (IfLS) at Goethe University Frankfurt in 1988 where he was Deputy Director 
until 1993 and Manager from 2003. European Commission-funded projects currently focus 
on the evaluation of sustainability assessment tools (Global Change and Ecosystems Program) 
(Sustainability – A Test), policy models of multifunctional agriculture and rural development 
(Top – MARD), a state-of-the-art review of research on the multifunctionality of agriculture 
and rural areas (MULTAGRI), and marketing of sustainable agriculture (SUSCHAIN). 
 Karlheinz has also been involved in many projects at a national level. His main research and 
consultancy interests lie at the interface of agriculture, rural development and the environ-
ment; project appraisals and feasibility studies; cross-national comparative research; project-
based learning and multidisciplinary research.

Erik Steen Kristensen holds an MScAgr and a PhD from the Royal Veterinary and Agricul-
tural University in Denmark. Erik is Head of the Danish Research Centre for Organic Food 
and Farming (DARCOF). DARCOF was initiated in 1996 with the main objective to initiate 
and coordinate research and development for organic food and farming. DARCOF is organ-
ised as a ‘centre without walls’ – researchers remain in their own research environment but 
collaborate across institutes. The collaboration in DARCOF involves about 150 scientists 
working in 20 institutes on 42 different research projects. Erik has published research results 
in over 130 titles, of which about half are published internationally.

Troels Kristensen holds an MScAgr and a PhD from the Agricultural University in Denmark. 
He works as a Senior Scientist in the Department of Agroecology at the Danish Institute of 
Agricultural Science. Dr Kristensen has been the project leader and participant in several 
research and consultancy projects. He is the supervisor of several PhD and Master students in 
many areas of farming system as well as being the external reviewer for many scientific 
journals. Troels collaborates in his farming systems research with commercial and private 
farms on the issue of animal feed. His research also covers different aspects of feed supply on 
organic and conventional dairy farms with specific emphasis on pasture management, grazing 
systems and effects of supplemental feeding in animal production. He is an experienced scien-
tist in the design and analysis of on-farm data with respect to production, economy and 
environment.

Paul Kristiansen has over 15 years experience in the organic movement in Australia and 
strong links with organic agriculture researchers, extension officers, farmers and industry rep-
resentatives in Australia and other countries. He has a PhD in Weed Ecology from the Univer-
sity of New England (UNE), having completed a BSc at Monash University and a Graduate 
Diploma in Horticultural Science at UNE. Paul has held research positions at CSIRO (Macad-
amia Breeding Program) and the Queensland Department of Natural Resources and Mines 
(various weed biocontrol projects). He has taught horticulture, soil science, weed management 
and organic crop protection in both private and public education in Australia for over 10 years, 
and now works as a Lecturer in Agricultural Systems at the UNE. In addition to supervising 
several PhD projects on organic farming and sustainable land management, Paul teaches 
organic agriculture, agricultural systems and viticulture. In his teaching he places a great 
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emphasis in experiential, student-centred learning, believing that ‘doing’ agriculture is an 
important part of learning agriculture.

Edith T. Lammerts van Bueren has held a part-time Chair at Wageningen University in the 
Netherlands as Professor in Organic Plant Breeding since 2005. She is also Senior Scientist and 
Team Leader of Organic Plant Breeding at the Louis Bolk Institute. The Louis Bolk Institute, 
founded in 1976, is the only private research institute in the Netherlands specialising in organic 
farming, and is widely recognised for linking farmers’ experiential knowledge and scientific 
innovation. In 2002, Lammerts van Bueren was awarded a PhD from Wageningen University 
on the basis of the research and development activities she had conducted at the Louis Bolk 
Institute over the previous 15 years, together with organic farmers and seed companies. The 
title of the dissertation was Organic Plant Breeding: Concepts and Strategies. Edith is co-founder 
and president of the European Consortium for Organic Plant Breeding.

Florian Leiber originally studied Linguistics in Göttingen, Germany. Florian engaged in agri-
cultural practice, followed by studies in agriculture in Berlin University. His Diploma Thesis is 
in Animal Science. He was a research assistant at the Swiss Federal Institute for Technology in 
Zurich for three years before taking up the position of research scientist in the Agricultural 
Section at the Goetheanum, Dornach, in Switzerland. Florian’s PhD is in the field of Animal 
Nutrition.

Deborah K. Letourneau received her BSc in Biology and MSc in Zoology degrees in Biology 
and Zoology from the University of Michigan, USA, and a PhD in Entomology from the Uni-
versity of California at Berkeley. She is the Professor in Environmental Studies at the Univer-
sity of California, Santa Cruz. Over the past 25 years her research in the western USA, Borneo, 
Costa Rica, as a Fulbright Fellow in Mexico and Malawi, and as Christensen Research Fellow 
in Papua New Guinea has emphasised arthropod predators, herbivores and plants in the 
ecology and conservation of natural forests, biological control in farmers’ fields and risk assess-
ment for novel crop traits. She has written over 60 research articles and co-edited two books 
on various topics, including vegetation management for biological control, food webs in 
organic versus conventional crop fields, trophic cascades and environmental risks of geneti-
cally modified crops. She is Chair of the Agroecology Section of the Ecological Society of 
America and editor for the international journal Environmental Biosafety Research. She was 
featured in Discover Magazine’s 1991 issue on women in science. Letourneau is an enthusiastic 
teacher, with undergraduate offerings in Entomology, Applied Ecology and Rain Forest Con-
servation. Her graduate courses, co-taught with social science colleagues, combine ecology, 
ecological economics, public policy, political economy and history of science to model integra-
tive approaches to the application of theory. She favours collaborative and on-farm research, 
believing that complex questions are best answered from the perspective of multiple disci-
plines and experiences in an atmosphere of mutual respect. This work with colleagues, growers 
and students sparks exciting intellectual challenges on engaging questions with practical value 
for sustaining both livelihoods and the environment.

Geir Lieblein has a background in crop sciences and agroecology. He is Associate Professor at 
the Norwegian University of Life Sciences (UMB). He is involved in education and research 
that encompasses farming as well as the wider food system. He has been involved in research 
and teaching in organic agriculture at UMB for the past 25 years. Lieblein is one of the moving 
forces behind the establishment of a Nordic MSc program in agroecology through UMB and 
NOVA University that serves students from throughout Europe and the world, as well as those 
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from the region. He has designed curricula for experiential and systems-oriented education. 
Previously Lieblein worked in Sri Lanka, Tanzania and several European countries.

William Lockeretz holds a BSc from the City College of New York and MA and PhD from 
Harvard (all in physics). Since 1981 he has been at the Friedman School of Nutrition Science and 
Policy at Tufts University (Boston, USA), where he is a Professor. For its first 12 years he was 
editor of the American Journal of Alternative Agriculture, which he helped to found in 1986. 
William is the editor or co-editor of 11 books on agriculture, most recently Animal Health and 
Welfare in Organic Agriculture (CABI, 2004), as well as Visions of American Agriculture (Iowa 
State University Press, 1997) and Environmentally Sound Agriculture (Praeger, 1983). He is the 
senior author of Agricultural Research Alternatives (University of Nebraska Press, 1993). From 
2000 to 2002 William served on the US Department of Agriculture’s National Organic Standards 
Board, and from 1985 to 1989 on the National Research Council’s Committee on the Role of 
Alternative Farming Methods in Modern Production Agriculture. In 2003 he was elected to the 
Board of Directors of the International Society of Organic Agriculture Research. William is a 
Fellow of the American Association for the Advancement of Science, and in 2003 received the 
‘Spirit of Organic’ award from the International Federation of Organic Agriculture Movements.

Stewart Lockie studied agriculture at Hawkesbury Agricultural College before shifting into 
the social sciences and undertaking a PhD in sociology at Charles Sturt University, Riverina, 
in Australia. Since 1995 he has been based at Central Queensland University where he is now 
Associate Professor of Environmental and Rural Sociology and Associate Dean (Research) in 
the Faculty of Arts, Health and Sciences. Stewart has undertaken numerous research and con-
sultancy projects dealing with agriculture, natural resource management and food for a range 
of government, industry and community groups. He has written widely on these topics, with 
recent co-edited publications including Rurality Bites: the Social and Environmental Transfor-
mation of Rural Australia (Pluto Press), Consuming Foods, Sustaining Environments (Australian 
Academic Press) and Environment, Society and NaturalRresource Management (Edward Elgar). 
While most of his research has been based in Australia, Stewart has held visiting fellowships at 
the Institute of Philippine Culture in Manila, the University of California, Santa Cruz and the 
University of Aberdeen, the UK. Stewart also has a strong commitment to the community and 
environment of the Capricorn Coast in Central Queensland, where he and his family are active 
members of local permaculture and revegetation groups.

Vonne Lund is a senior researcher at the National Veterinary Institute in Oslo, Norway, 
working with animal welfare issues. She was previously working at the Swedish University of 
Agricultural Sciences, from which she has a degree in animal science and a PhD. She also has 
a degree in teaching from Uppsala University, Sweden. She has been engaged in organic 
faring since the 1970’s and she was one of the first in Scandinavia to work with organic 
animal husbandry in a university context. For over 10 years she and her family also had a 
smallholding with sheep, poultry and beef cattle. She has contributed as author or co-author 
to eight books on organic and animal welfare friendly animal husbandry and has long expe-
rience lecturing and leading courses at universities in many countries. Her PhD thesis about 
ethics and welfare in organic animal husbandry was awarded an international prize. She is 
an appointed member of the Norwegian National Ethical Committee for Patent Issues, and 
the Norwegian National Committee for Research Ethics in Science and Technology. Vonne 
believes it is essential to respect our animal co-workers in agriculture and to provide them 
good living conditions, and that good welfare for humans as well as animals is a precondi-
tion for sustainable systems.
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Charles Merfield is completing a PhD on organic carrot seed production at Lincoln Univer-
sity, New Zealand. He initially completed a Higher National Diploma in Commercial Horti-
culture from Writtle College, UK, and spent seven years managing organic vegetable and herb 
farms in the UK and NZ. He completed his Masters Degree with Honours, also at Lincoln, on 
interactions between biological control agents on farmland. He has had extensive involvement 
in organics, on the practical, political and research levels. He was a founding member of the 
Canterbury Commercial Organic Growers group, being its chair and secretary for three years. 
His main area of interest and expertise is in the design of organic vegetable production systems, 
with a focus on appropriate machinery, especially for weed control including advanced thermal 
weeding techniques. He is a guest lecturer on organic horticulture at Lincoln University and 
provides practical consultancy advice to farmers and growers.

Jens Peter Mølgaard received his MSc in horticulture and PhD in agronomy from The Royal 
Veterinary and Agricultural University, Copenhagen, Denmark. For 12 years he has worked as 
a scientist at the Danish Institute of Agricultural Sciences, Research Centre Foulum. His prime 
area of research has been the influence of manure, soil treatment, weeding, crop mixtures and 
storage on the quality of plant products. He was the manager of several projects on organic 
potato production concerning tuber quality and potato diseases. In addition, he has been 
engaged in several projects on organic products and their influence on human health, and is 
author or co-author of more than 50 papers in scientific journals, magazines and proceedings. 
He is engaged in the Danish straw-bale building project Friland (www.dr.dk/friland), charac-
terised by mortgage-free building, self-employment and a strong environmental concern.

Ron Morse holds a BSc in Horticulture, a Masters of Science in Plant Nutrition from Utah 
State University and a PhD in Horticulture from Michigan State University, USA. Ron has 
seven years of international experience, with long-term appointments in Brazil and Uruguay 
and short-term consulting assignments in Pakistan, Guatemala and the Caribbean Islands. He 
has been employed as a Plant Physiologist for Hunt-Wesson Foods and a faculty member in 
Horticulture at three US universities – Southern Illinois, Pennsylvania State and Virginia Tech. 
Since 1975, he has served in numerous capacities at Virginia Tech, teaching undergraduate and 
graduate courses, outreach involvement with grower organisations, and research in sustaina-
ble agriculture. He is an internationally recognised expert in sustainable and organic no-till 
systems for production of vegetable crops. He is the author of over 50 peer reviewed papers and 
book chapters, and over 60 outreach grower-oriented publications.

David Pearson has a Bachelor of Engineering (Honours) from the University of Technology, 
Sydney, and a PhD in marketing organic food from the University of New England (UNE) in 
Australia. David has taught and developed units in strategic marketing and strategic manage-
ment for undergraduate and Masters of Business Administration students at UNE. His research 
interests focus on strategic marketing and consumer behaviour for niche products, such as 
organic food and other agricultural products. Before commencing as a full-time academic, 
David obtained managerial experience by working at a senior level in both the public and 
private sectors in Australia. David also has consulting experience which includes the develop-
ment of marketing and financial feasibility studies, and business plans in many industries for 
a wide range of clients.

Rhiannon Pyburn graduated from the University of Toronto, Canada, with a BSc in Interna-
tional Development Studies, Resource Management. At Wageningen University in the Nether-
lands,  she obtained an MSc in the Management of Agroecological Knowledge and Socio-technical 
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Change (MAKS) program. Both her MSc and doctoral research explore social learning among 
key international social and environmental standard-setting and accreditation organisations 
on the topic of group certification primarily for small farmers in developing countries within 
the sustainable agriculture sector, but also in the sustainable fishery, forestry and ornamental 
marine fish sectors. Fieldwork was undertaken in different countries and production system 
contexts, including organic and fair trade certified oranges in Brazil, rice in Thailand, mangoes 
in Burkina Faso, cotton in Uganda, as well as certification options for coffee in Costa Rica. 
Rhiannon is passionate about organic agriculture, social learning, non-formal education and 
the plight of small farmers. For several years in between academic degrees, Rhiannon super-
vised youth programs across rural Canada and Indonesia, facilitating development and envi-
ronmental education in intercultural contexts. Valuable practical experience in sustainable/ 
organic agriculture was gained through a research internship in Côte D’Ivoire (IDRC-funded) 
working with village women/youth on traditional agricultural techniques, and through work 
on organic farms throughout British Colombia, Canada. She has also worked in the Communi-
cation Science department at Wageningen University on several contracts related to social 
learning and beta-gamma (physical/social science) integration. In 2002, she co-edited the book, 
Wheelbarrows Full of Frogs – Social Learning in Rural Resource Management, which captured the 
Department’s varied perspectives on social learning. Rhiannon is now finishing her PhD, 
 continuing consulting work related to group certification and lecturing on (social and organic) 
regulation and certification.

John Reganold received his MSc in Soil Science from the University of California (UC) at 
Berkeley and his PhD in Soil Science from the UC Davis. Before joining the faculty in the 
Department of Crop and Soil Sciences at Washington State University in 1983, John worked 
with the USDA Natural Resource Conservation Service as a soil scientist and with Utah Inter-
national Inc., as an environmental engineer responsible for developing reclamation plans for 
mining operations. As a Regents Professor in soil science, John teaches courses in introductory 
soil science, organic gardening and farming, and land use and soil management, and conducts 
research in sustainable agriculture and land use. He also advises undergraduate and postgradu-
ate students in soil science and environmental science. His excellence in teaching and research 
has been recognised by several awards from Washington State University. John has completed 
numerous studies measuring the effects of organic and conventional farming systems on soil 
quality, crop performance, farm profitability, environmental quality, and energy efficiency in 
the USA, Canada, Australia and New Zealand. He has published more than 100 papers in scien-
tific journals, magazines, and proceedings, such as Science, Nature, Proceedings of the National 
Academy of Sciences USA, Scientific American and New Scientist. His studies have garnered 
national and international attention from newspapers, magazines, radio and television. John 
has given about 150 invited presentations on organic farming and sustainable agriculture to 
international and national groups of scientists, farmers, students and consumers from around 
the world. He has also co-authored a university textbook, Natural Resource Conservation (9th 
edn), and is writing a book on organic and biodynamic wine grape growing.

Stephen Roderick obtained a BSc in Agriculture from the University of Nottingham in 1982 
and a Masters degree in Animal Production from the University of Reading in 1988. He has 
worked as a researcher specialising in sustainable livestock production since 1990, initially at 
the Kenya Trypanosomiasis Research Institute and then at the Veterinary Epidemiology and 
Economics Research Institute at Reading University. In 1995 he completed his PhD at Reading 
on pastoral cattle productivity in East Africa after studying the impact of trypanosomiasis and 
its control on traditionally managed extensive livestock systems. Stephen has been involved in 
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organic farming research since 1995 and has a particular interest in animal health and welfare. 
He has co-edited and contributed chapters to a book on this subject. Since 2001 he has been 
Coordinator of the research and development activities at the Organic Studies Centre, Duchy 
College, Cornwall, UK.

Lennart Salomonsson is an Associate Professor in Crop Science at the Department of Urban 
and Rural Development, Rural Development and Agroecology Units at the Swedish University 
of Agricultural Sciences. His research focus is on interdisciplinary perspectives in Agroecol-
ogy, with a base in systems ecology theory. He has advised numerous students working on sus-
tainability analysis and systems design of farming systems, which is also the focus of his 
current research. Salomonsson is also Research Leader for projects that relate to Agroecology 
and Rural Development. He is a founding member and active teacher in the AGROASIS 
network in the Nordic Region focused on experiential learning.

Laura Seppänen has an MSc degree in horticulture from the University of Helsinki, Finland. 
She has worked in research and extension of organic agriculture for 16 years leading, for 
example, the research project ‘Participatory development of organic vegetable farms’ in 
Finland. She recently completed her PhD at University of Helsinki, in which she focused on 
challenges and tools for learning in organic vegetable farming. Laura is working as a research 
director at the University of Helsinki Ruralia Institute, and is responsible for a multidiscipli-
nary project ‘Local food: impacts and learning challenges’ and is a coordinator of the Finnish 
part of an EU project. Besides research, Laura teaches organic farming and food systems and 
supervises students both in agroecology and adult education. Her research is about concepts 
and boundary crossing in agrofood systems, especially from the point of local and organic 
food. The other areas of interest include multidisciplinarity in the context of sustainability 
research and interaction between researchers and practitioners.

Hartmut Spieß studied agronomy in Leipzig, Germany, and thereafter held the position of 
Head of Animal Production in the Agricultural Production Cooperation. In 1978 he was 
promoted in the field of biodynamic plant production at the University of Gießen. In 1994, he 
gained a post-doctoral qualification at the University of Kassel-Witzenhausen in the special 
area of Ecological Agriculture. Since 1977, he has been the Head of the Department in the 
Institute for Bio-Dynamic Research, Darmstadt, on the Dottenfelderhof/Bad Vilbel. From 
1992 to 1999, he worked in the field of Ecological Plant Protection focusing on research and 
development. His main areas of focus include chronobiology, efficacy of biodynamic prepara-
tions, plant health (especially seed health), fertilisation in ecological agriculture, ecological 
plant breeding as well as teaching at the Agricultural School Dottenfelderhof in Germany.

Nadarajah Sriskandarajah has a background in animal sciences and systems thinking. He is 
an Associate Professor at the Unit for Learning at the Royal Veterinary and Agricultural Uni-
versity of Denmark. His work encompasses the design of experiential and systemic curricula 
for agri-environmental education and research on learning processes in real and virtual class-
rooms as well as in networks of farmers, citizens, researchers and other stakeholders visioning 
multifunctional landscapes. He was for a long time attached to the School of Agriculture and 
Rural Development at the University of Western Sydney, Hawkesbury, in Australia, as an active 
member of the group leading innovations in agricultural education.

Acram Taji holds a BAgrSc (Honours) from the University of Tehran, Iran, Graduate Diploma 
in Horticultural Science from the University of Sydney, a PhD in Plant Physiology from 
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Flinders University, South Australia, and a Certificate in Higher Education from Harvard. 
Acram has been involved in tertiary teaching in universities in Australia, in the University of 
the South Pacific in Fiji (and its Tonga and the Solomon Islands centres), the University of 
Colombo in Sri Lanka, at Osaka Prefecture University in Japan and in the University of Cali-
fornia at Davis. She holds the position of Professor of Horticultural Science at the University of 
New England, Australia. During the 15 years of her professional life Acram has been honoured 
by national and international research and teaching awards including ‘The Lecturer of The 
Year’ in the University of the South Pacific in Fiji, the Japanese Prime Minister Senior Research 
Fellowship for Foreign Specialists, the prestigious inaugural Australian Award for University 
Teaching, the Australian Society of Plant Physiologists’ prize, the Australian College of Educa-
tion and New South Wales Minister for Education and Training Quality Teaching Award, the 
International Association for Plant Tissue Culture and Biotechnology Award and the Flinders 
University Distinguished Alumnies. She is the author of over 200 research articles and author 
or editor of eight books mostly in the area of in vitro plant breeding, f loriculture and horticul-
ture. Acram is passionate about her job and feels privileged and honoured for the opportunity 
to be a university educator. Her philosophy underpins her teaching. She believes that educa-
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Chapter 1

O�er�iew of organic agriculture

Paul Kristiansen*, University of New England, Australia and Charles Merfield, Lincoln University, 
Canterbury, New Zealand
*Dr Paul Kristiansen, School of Rural Science and Agriculture, University of New England, Armidale, New South Wales 
2351, Australia. Tel: +61 2 6773 2962, Fax: +61 2 6773 3238, Email: paul.kristiansen@une.edu.au

The most important factor that will enable organic agriculture to usefully 
contribute to food security is the attitude of decision-makers. Organic agriculture 
must be discussed with an open mind, with the advantages and disadvantages 
being clearly considered. (Wynen 1998)

The search for sustainability
The acquisition of food, textiles and other resources from plants and animals has been a major 
concern for human societies, from the earliest days as hunter-gathers, through pastoral and 
swidden phases, to agrarian societies, with an associated trend away from nomadic to seden-
tary lifestyles. Yet as agricultural production intensified and expanded, the negative effects on 
the underlying resource base have also increased. The history of environmental damage caused 
by agriculture is well documented; impacts include air pollution from greenhouse gases such 
as carbon dioxide, methane, nitrous oxide; land degradation as a result of clearing, cultivation 
of sloping land and salinity; water pollution from fertilisers, pesticides, overuse and wetland 
draining; and the loss of biological and ecological diversity (Norse and Tschirley 2003). In the 
area of conventional weed science, for example, considerable attention has been placed on her-
bicides but this has not achieved a long-term decline in agricultural weed populations. Instead, 
farmers have become dependant on herbicides as widespread resistance in a range of weed 
species has emerged (Gill 2002).

Although the extent of the damage may be disputed by some, the seriousness of these agri-
cultural sustainability issues is reflected in the formal policies implemented in many countries 
to reduce those impacts, and in the financial benefits available for (verified) good environ-
mental performance (OECD 2001). Policies designed to improve the environmental sustaina-
bility of agriculture include bans on increasing numbers of pesticides such as the fumigant 
methyl bromide, financial incentives to revegetate, penalties for water pollution and funding 
for research into efficiency improvement (e.g. fertiliser applications) or damage abatement 
technologies. The various policy tools may be applied in an ad hoc way or, preferably, in a stra-
tegic manner that integrates the tools and creates a supportive milieu for adoption and 
improvement. In regard to measuring performance, environmental management systems 
(EMS) for agriculture have recently become popular with some farmers, government agencies 
and consumers. EMS are relatively new and suffer from several limitations including credibil-
ity, complexity, financial risk, uncertain consumer demand and patchy evidence of environ-
mental improvement (Chang and Kristiansen 2006).
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Is organic agriculture the answer to the sustainability problem? 
To ensure that organic agriculture is the answer to the sustainability problem, it has to be 
adapted to the local farming, social, geographical and climatic factors. The European form of 
organic agriculture, especially its current market-driven style, is not necessarily the most 
appropriate system for other countries. The principles of organic agriculture are guides to 
tailor organic practices to each individual farming location. For example, there will always be 
locations where certain crops cannot be grown sustainably or economically using the current 
range of organic methods. As more becomes known about the environmental, social and 
economic performance of organic agriculture in a growing range of settings (OECD 2003), 
rational decisions can be made about the prospects and limitations of organic agriculture and 
general requirements for success can be identified.

It could be expected that settings similar to that found in Europe where organic agricul-
ture was originally developed would be the most suitable. However, low-input systems in 
remote locations with marginal environments (e.g. rangeland grazing) have also been found 
to be well suited to organic agriculture. In New Zealand and particularly Australia, the 
farming conditions faced by the early proto-organic growers were very different from those 
encountered in Europe. In Australia the unreliable and sparse rainfall, ancient depleted 
soils, widely dispersed production bases and very small consumption bases present serious 
challenges for agriculture, both organic and conventional. Some adaptation and experimen-
tation was going to be necessary. In parts of south-eastern Australia broadacre, organic 
cropping depletes phosphorus from the soil because the allowable organic fertilisers are 
inadequate. In contrast, further north in the rangelands of western Queensland, running 
beef cattle organically is straightforward and the farms appear to be no less sustainable than 
before conversion. Clearly, the sustainability question must be addressed in terms of partic-
ular farm types.

In many countries, organic agriculture has affected most areas of agriculture and food 
production, often starting in niche markets such as ‘direct to customer’ or on-farm process-
ing. It has been adapted to local conditions, both social and agronomic, to produce viable sus-
tainable farming strategies. This has resulted in a multitude of sustainable and profitable 
organic enterprises emerging around the world (Stokstad 2002, Thompson 2002) showing 
that organic agriculture can have a central role in ensuring that agriculture becomes fully 
sustainable.

Organic agriculture is just a small part of the agribusiness world, which itself is just a small 
part of the wider global socioeconomic system and its dominant cultural values. Consequently, 
the capacity of organic agriculture to influence, for example, international trade, labour rela-
tions and agrichemical policy is limited. An example of this lack of power is in the US National 
Organic Program (NOP) deliberations, in which representatives from the organic movement 
were secondary to government agencies (Merrigan 2003). Although the movement may inter-
nally aim for certain ideals, its development is inevitably shaped by global markets and politics. 
Stepping back from looking at the organic movement’s success, it is apparent that despite the 
enormous growth since the 1990s, organic agriculture still only makes up a tiny proportion of 
all commercial agricultural production (Norse and Tschirley 2003).

This introductory chapter presents an overview of the history and development of the 
organic movement from its roots in early 1900s Europe to its current position as a high-profile, 
thriving niche sector in global agriculture. The chapter describes some of the key people and 
trends which shaped modern organic agriculture and reports on the status of organic agricul-
ture around the world in specific countries. In order to understand the aims and practices of 
organic agriculture, the evolution of the core principles are also discussed. Finally, some of the 
challenges for organic agriculture are identified.
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Definition of organic agriculture
Organics, or the ‘O-word’ as Mark Lipson (1997) has wryly called organic agriculture in recog-
nition of the ambiguous nature of the word, is a problematic label that can be interpreted to 
mean a wide range of things. The term ‘organic’ was first used in relation to farming by North-
bourne (1940) in the book Look to the Land: ‘the farm itself must have a biological complete-
ness; it must be a living entity, it must be a unit which has within itself a balanced organic life’. 
Clearly, Northbourne was not simply referring to organic inputs such as compost, but rather to 
the concept of managing a farm as an integrated, whole system (Lotter 2003).

The use of ‘organic’ in reference to agricultural production and food is legally constrained 
in many countries, and some certification agencies have more stringent compliance require-
ments than others. Many farmers in less developed countries may practice organic agriculture 
by default based on their traditional methods of production. However, it is useful to provide a 
general definition of organic agriculture to indicate briefly what the production systems are 
designed to achieve.

The international food standards, Codex Alimentarius, state: 

Organic agriculture is a holistic production management system which promotes 
and enhances agro-ecosystem health, including biodiversity, biological cycles, and 
soil biological activity. It emphasises the use of management practices in preference 
to the use of off-farm inputs, taking into account that regional conditions require 
locally adapted systems. This is accomplished by using, where possible, agronomic, 
biological, and mechanical methods, as opposed to using synthetic materials, to 
fulfil any specific function within the system. (FAO 1999).

The term ‘organic agriculture’ as used here is based on the Codex definition just given. 
However, the term is expanded to include the full organic and biodynamic supply chain from 
inputs to final manufactured goods, as well as cultural and social aspects of the movement, not 
just the on-farm production aspects. The phrase ‘organic movement’ may be no longer appli-
cable and that the appropriate term is ‘organic industry’ (Cornish and Stewart 2002). However, 
the continued existence of a major social and political role for organic agriculture suggests that 
it is more than just an industry. Conservation farming (reduced tillage) also continues to be a 
social movement (e.g. WANTFA 2004) even after an industry has been created in the commer-
cial arena.

Organic standards are not static, with revisions of certification standards commonly occur-
ring every few years. Certification agencies usually have some form of certification review 
committee that considers new materials that become available for use, new information about 
existing allowed inputs, or new production and processing techniques that are introduced.

The commonly used term ‘conventional agriculture’ refers to the standard, dominant 
farming approaches promoted and researched by most government and agribusiness groups 
and practiced by farmers and growers throughout the world. Usually, conventional agriculture 
imposes no restrictions on management other than those required by law. To some extent, 
organic and conventional agriculture define each other. Organic agriculture could not exist as 
a concept until an alternative agricultural paradigm came into being allowing a distinction to 
be made. Indeed, the term ‘organic’ only became dominant from the 1960s onwards. It is 
acknowledged that the term ‘conventional’ masks the great diversity of management strategies 
used; for example, a conventional grain grower may use mineral fertilisers but also use green 
manures and avoid pesticides, or a permaculture orchardist may choose to use herbicides to 
control woody weeds in sloping land. The growing adoption of EMS indicates the recognition 
from various points along the supply chain of the need for improved monitoring of agricul-
tural impacts (Carruthers and Tinning 2003).
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The origins of organic agriculture

Early de�elopment
The origins of modern organic agriculture are intertwined with the birth of today’s ‘industri-
ally based’ agriculture. Many of the practices of organic agriculture were the only option for 
farmers before the advent of chemically synthesised fertilisers, biocides, medicines, mechani-
sation and fossil fuels that allow industrial agriculture to function. Without recourse to such 
technologies, farmers had no option but to work within biological and ecological systems. For 
example, the only source of fertiliser to replace nutrients from cropped fields was human and 
animal manure and leguminous plants. Failing to rotate crops caused a build up of pests, as 
there were no pesticides to control them. From this perspective, organic agriculture is the 
original and mainstream agriculture and ‘conventional’ industrial agriculture is the one that 
departs from the practices that agriculture has been following since its inception.

This split between industrial and organic agriculture dates back to the start of the 19th 
century when it was discovered that it was the mineral salts contained in humus and manure 
that plants absorbed, and not organic matter. Sir Humphrey Davy and Justus von Liebig were 
the key founders of this theory and published their ideas in Elements of Agricultural Chemistry 
(Davy 1813) and Organic Chemistry in its Application to Agriculture and Physiology (von Liebig 
1840). Their argument was that inorganic mineral fertilisers could replace manures and bring 
agriculture into the scientific fold, with resulting increases in production and efficiency. The 
agricultural revolution began in the 1840s and with it came the first commercial production of 
inorganic fertilisers. However, like many revolutions, it was not without mistakes and signifi-
cant uptake of fertilisers did not occur until the start of World War Two (Grigg 1989).

It was in the 1920s that individuals who were concerned about the direction agriculture 
was heading first started to speak out and to join together. Rudolph Steiner, the founder of the 
philosophy of ‘Anthroposophy’ gave his agricultural lectures in 1924. Although these lectures 
and other Steiner teachings were the foundation of biodynamic agriculture, which differs from 
organic agriculture principally as it has spiritual, mystical and astrological aspects, they were 
prophetic in their criticism of industrial agriculture and in plotting an alternative course. The 
first organic certification and labelling system, ‘Demeter’, was created in 1924 because of Stein-
er’s actions (Rundgren 2002).

During this time, Robert McCarrison, a distinguished scientist, was researching the vitality 
of the fighting men of India and why they lacked diseases common in the west. He promoted 
health as a positive concept of vitality rather than a negative form viewed as an absence of 
disease. Good health was based on a diet of wholesome food – mostly fresh plants and grains 
with modest amounts of meat, grown on land to which all manures were returned (i.e. follow-
ing the ‘law of return’). McCarrison followed up his observations with dietary experiments on 
rats, feeding one group on the diet of the Indians and the other of the British poor. The rats on 
the Indian diet f lourished, while the others suffered a range of diseases and negative sociologi-
cal effects. This led McCarrison to expound the importance of a wholesome diet grown on soil 
fertilised with manures and other organic matter.

Sir Albert Howard was also working in India in the 1920s on an experimental agricultural 
research institute he established. Howard was a highly capable scientist as well, and while his 
training was more than sufficient to understand the new chemical ideas, his upbringing on a 
Shropshire farm made him highly sceptical of the approach. He was a keen observer of the 
local peasant farmers and said that he learnt far more from them than from his scientific 
training. Howard undertook a wide range of activities including a highly successful plant 
breeding program and observed the effects of how forage was grown on the health of farm 
animals. This led him to believe in the inextricable linkages between the health of the soil and 
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the health of the plants and animals fed by that soil. This lead to him adapting oriental methods 
of composting to Indian conditions which resulted in the ‘Indore process’ of composting which 
is now inextricably linked to his name. These experiences were distilled into his book The 
Waste Products of Agriculture (Howard 1931), which spread his message across many 
continents.

Beyond Europe: further e�olution and new alliances
It was the work and publications of people such as Howard, McCarrison and Steiner that influ-
enced the next wave of organic pioneers. This second wave brought the organic movement into 
being, with the establishment of the early associations such as the Rodale Institute in the 
United States of America (USA), Soil and Health in New Zealand and the Soil Association in 
the United Kingdom (UK). The term ‘organic’ was first used in relation to farming by North-
bourne (1940) (see above). 

In the UK, Lady Eve Balfour was setting up the ‘Haughley experiment’, which compared 
organic and non-organic production over the long term. She also wrote the highly influential 
The Living Soil (Balfour 1943), which was partly informed by the Haughley experiment. She 
was also the first president and founding member of the Soil Association in 1946. Pre-dating 
both of these organisations was the Soil and Health Association in New Zealand, founded in 
1942 by Dr Guy Chapman, a practicing dentist, originally under the name of the ‘Humic 
Compost Club’.

In Switzerland, Hans and Maria Mueller were pioneering organic farming techniques. Herr 
Mueller was encouraged by the biodynamic agriculture of Steiner and developed the ‘organic–
biological’ farming method in the 1950s. Hans-Peter Rusch, a medical doctor, microbiologist 
and good friend of Hans provided the scientific basis for Hans’s work in his book Boden-
fruchtbarkeit [Soil Fertility] that linked soil microbiology with fertility (Rusch 1964). This 
movement became more formalised in the 1970s with the adoption of the trade mark Bioland, 
now the largest certifier in Germany (Haccius and Lünzer 2000).

In the late 1930s in rural Pennsylvania, USA, J.I. Rodale was keen to learn about and 
practice organic agriculture. He quickly came to realise the importance of restoring and pro-
tecting the natural health of the soil to preserve and improve human health. In 1947 he founded 
the Soil and Health Foundation that later become The Rodale Institute. He was also responsi-
ble for a wide range of publications on health and farming and gardening organically, with a 
central message and philosophy of ‘healthy soil, equals healthy food, equals healthy people’.

Independent developments were occurring in Japan. In 1936, Mokichi Okada began prac-
ticing ‘nature farming’. Nature farming includes spiritual and well as agronomic aspects with 
a view to improving humanity. It therefore has strong similarities to the biodynamic agricul-
ture and anthroposophy of Rudolph Steiner. The Sekai Kyusei Kyo organisation was formed 
and continues to promote ‘Kyusei nature farming’ with experimental farms and offices located 
throughout South-East Asia. An offshoot group, the Mokichi Okada Association formed in 
1980 with the aim of demonstrating the scientific validity of their farming methods (Setboon-
sarng and Gilman 1999). At about the same time as Okada was establishing his movement, 
Masanobu Fukuoka began a different approach to natural farming in Japan. With a back-
ground in microbiology and soil science, Fukuoka aimed to practice a simple form of agricul-
ture, sometimes known as ‘do nothing farming’ (Setboonsarng and Gilman 1999). Like Okada, 
Fukuoka’s farming approach also had a spiritual underpinning (Fukuoka 1978). The continu-
ation and spread of these movements highlights the importance of seeing organic agriculture 
as a global phenomenon, not simply a European one.

While many of these organic pioneers’ ideas are still relevant to modern organic agricul-
ture, there were a considerable number of pioneers whose political and religious views would 
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be anathema to today’s environmentally minded, socially concerned, politically left-of-centre, 
organic supporters. Many organic pioneers were significantly to the right of the political 
spectrum and strongly Christian, to the point of fundamentalism and evangelicalism. The 
politics, philosophy and religious motivations of these organic forerunners in the UK have 
been well documented by Conford (2001). The reason why the ideas of some organic pioneers 
are now foreign to the modern organic movement is that it underwent significant change and 
upheaval in the 1960s. The publication of Silent Spring by Rachel Carson (1962) was a key 
turning point for, and the start of, both the modern organic and environmental movements. 
This change could well be considered a revolution and, at the least, a significant evolution of 
the organic movement. Indeed, many of the concerns and concepts of environmentalism and 
modern organic agriculture would be quite alien to many of the organic pioneers, just as the 
politics and religion of some pioneers are alien to most involved with the modern organic 
movement. A case could be argued that environmentalism saved the organic movement from 
obscurity as it had lost the post World War Two argument over the direction of agriculture and 
was in significant decline through the 1950s. So while there is a continuum of thought and 
membership from the earliest days to the present, the modern organic movement is radically 
different from its original forms. It now has environmental sustainability at its core in addition 
to the founders concerns for healthy soil, healthy food and healthy people.

Silent Spring opened the world’s eyes to the damage that pesticides and other toxins were 
doing to the global environment. As such, Silent Spring brought a whole new raft of arguments 
against industrial farming in addition to those that the organic movement had been pushing 
for many decades.

The 1960s, in which Silent Spring was published, were also a time of significant social 
change and upheaval. New modes of political and philosophical thought were emerging and 
being hotly debated. Many of these were also highly influential within the changing organic 
movement. Examples of these ideas include Limits to Growth (Meadows et al. 1972) that con-
sidered the issue of the growth of the human population and the global economy and asked 
questions such as: what will happen if growth in the world’s population continues unchecked? 
What will be the environmental consequences if economic growth continues at its current 
pace? What can be done to ensure a human economy that provides sufficiently for all and that 
fits within the physical limits of the Earth? Another was E.F. Schumacher’s Small is Beautiful: 
A Study of Economics as if People Mattered (1974) with its many radical ideas, including the 
concept of sacrificing economic growth for a more fulfilling working life and making quality 
of life the central goal of economics. Schumacher was also a president of The Soil Association.

In the 1970s, organic agriculture re-emerged as an ecoagriculture and the strengthening of 
existing organic organisations and the founding of new ones occurred, many of which were 
focused on the process of certification of farmers and growers. Although there was growing 
interest in organic agriculture, it was still clearly outside of mainstream agriculture and 
national politics, and while members of the movement worked tirelessly, they gained little 
traction with authorities. The levels of self organisation, however, were increasing rapidly, from 
individual groups working alone to increasingly coordinated action.

The formation of a formal global network is one of the landmarks by which social and 
political movements can say they have come of age. For the organic movement this was the 
founding of the International Federation of Organic Agriculture Movements (IFOAM) in 
1972, which to this day, remains the only global organic non-governmental organisation 
(NGO). Its creation and continuation was no easy task. Like many other organic organisations 
in its earlier years, it depended heavily on vast amounts of goodwill, the hard work of mostly 
unpaid people and its financial security was often in the balance. It has grown from a body 
that national governments ignored or argued against, to one that now commands the respect 
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of governments and intergovernmental organisations. IFOAM’s mission is ‘leading, uniting 
and assisting the organic movement in its full diversity’ [emphasis added] (Woodward and 
Vogtmann 2004, IFOAM 2005). The main aims of the organisation are to:

•	 provide authoritative information about organic agriculture, promote its worldwide 
application and exchange knowledge;

•	 represent the organic movement at international policy making forums;
•	 make an agreed international guarantee of organic quality a reality;
•	 maintain the Organic Guarantee System, setting international organic standards and 

certification procedures and auditing member certification organisations to these 
standards; and

•	 build a common agenda for all stakeholders in the organic sector.

Explosive growth in organic agriculture occurred in the 1980s. The reasons for this are 
numerous and many were outside the control of the movement. The intensification of agricul-
ture had become a national political issue, fuelled by public concerns such as the increasing 
destruction of valued features of the farmed landscape, the intensification of livestock produc-
tion (e.g. battery hens) and food scares (e.g. bacterial contamination) which resulted in the 
public first discovering how industrial food production and processing systems worked, many 
of which they found shocking and repugnant. Organic food offered an alternative, resulting in 
considerable increases in organic food consumption during food scares. Increasing wealth and 
disposable income in some developed countries resulted in organic food becoming highly 
‘fashionable’ among higher socioeconomic groups. This is highly ironic, as the purchasing and 
consumption of organic food as a symbol of social status is an anathema to the philosophy and 
principles of organic agriculture (Guthman 2000).

Organic agriculture goes global
Beyond the industrialised countries of western Europe and North America, a large growth in 
organic agriculture was occurring during the 1980s in parts of Oceania, Central and South 
America, Asia and Africa. Many of these regions had existing indigenous farming systems that 
could be readily adapted to organic agriculture, the export earnings were valuable, labour was 
available, and some places received support from, for example, their governments, aid agencies 
and NGOs. Although there are many local and regional movements around the world that are 
similar to (or compatible with) organic agriculture, it is the latter which has become the most 
well known and widely adopted complementary farming system. The other systems show how 
different societies develop their own approaches to low-external-input or non-chemical 
farming depending on their world view and the natural, intellectual and economic resources 
available to them. These indigenous systems themselves have enormous value in their own 
right (Peroni and Hanazaki 2002) and, where appropriate, should be maintained and sup-
ported. However, where the choices for farmers are changing, becoming more market orien-
tated, for example, then a hybrid of local farming methods and organic agriculture may offer a 
viable alternative. Some of the incentives and constraints for farmers adopting organic agricul-
ture in less developed countries are listed in Table 1.1.

The traditional farming systems of Central and South America have been well studied over 
many years (Gliessman 1985) and the principles and practices observed in these systems have 
been used to develop the concept and practice of ‘agroecology’, a scientific approach to low-
input farming (Vandermeer et al. 1998). The emphasis on enabling biological and ecological 
processes, using existing resources and trading locally in the local farming system is well suited 
to organic agriculture. There has been a high level of adoption of organic agriculture in Central 
and South America in terms of certified land area and number of farms, with Argentina having 
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the second highest amount of land under organic production in the world and Mexico having 
the greatest number of farms. With a large agricultural base, diverse environments, good labour 
supplies and close proximity to North America, many organic growers in Central and South 
America have been successful, principally in the export markets. However, socioeconomic con-
straints such as poverty and land tenure have shaped the process of adoption and adaptation of 
organic agriculture (Parrott and Marsden 2002).

Although Argentina has 3 million hectares of land under organic production (Yussefi 
2004), 74% of that land is owned by 5% of the organic farmers (Lernoud and Piovano 2004). 
Remove those few large farms and the area of organic land would rank a more modest sixth 
globally, between Brazil and Uruguay. Beginning in the 1980s, the Argentinian organic 
movement has developed strong formal certification processes, good export links and has 
received valuable government support. In a show of diversity, Argentina has also eagerly 
adopted genetically modified crops, having the world’s second largest area of such crops after 
the USA, with 10 million hectares grown in 2000 (Coffman 2001) and 14.2 million hectares in 
2003 (Human Genome Project Information 2004). Like Argentina, Mexico exports most of its 
organic produce, 70% of which is coffee (Tovar and Cruz 2004). Smallholders make up about 
98% of the 28,000 certified organic growers in Mexico, plus a small number of large fincas 
(estates) growing crops such as cocoa, sugar and coffee. Apart from an early biodynamic 
pioneer producing certified coffee in 1967, organic agriculture began to emerge in the 1980s 
and 1990s with the aid of some government support and easy access to US markets. However, 
Mexican organic producers still rely on overseas certifying agencies for exporting their goods 
and suffer from a lack of state support for research and development, a poorly developed 
domestic market, as well the dependence on foreign companies for marketing. In Cuba, the 
collapse of the Soviet regime in the early 1990s caused subsidies for conventional farm inputs 
to cease and the main markets to disappear, forcing the nation to seek sources of raw materials 
and alternative markets (Kilcher 2001). In response, Cuba developed several programs to 
promote organic agriculture including rearing biological control agents, producing bulk 
compost, restructuring state farms and developing training and certification frameworks. 
Although the country has not entirely moved away from intensive, export-oriented conven-
tional agriculture based on plantations, Cuba produces 65% of its rice and 50% of its fresh veg-
etables organically.

Several recognised complementary agricultural systems have also been developed in Asia 
(Setboonsarng and Gilman 1999). During the Later Vedic Period (1,000 BCE–600 BCE) in 
India, a series of three works codified a system of agricultural principles and practices in great 
detail. This indigenous knowledge is still applied today in parts of India and acts as an aid for 

Table 1.1 Incentives and constraints for farmers adopting organic agriculture in less developed 
countries (after Parrott and Marsden 2002 and Walaga 2000)

Incenti�es Constraints

Disillusion with Green Revolution technologies

The inaccessibility or high cost of Green 
Revolution technologies

Organic agriculture valorises indigenous 
knowledge

The influence of the environmental and 
development movements

Premiums and market opportunities

Lack of knowledge about organic agriculture

Lack of economic and political advocacy

Population pressures encourage intensification

The high cost of certification by foreign 
organisations

Low literacy levels in rural areas make record-
keeping a problem

Lack of trade liberalisation in some countries 
prevents development of exports

010602•Organic Agriculture 3pp.i8   8 30/4/06   4:43:32 PM



Overview of organic agriculture 9

farmers converting to organic agriculture (Mahale and Sorée 2002). Two very worthwhile 
aspects of integrated farming that were traditionally overlooked by the organic movement are 
aquaculture and mariculture. Yet in Asia some ecological farmers have extensive knowledge 
about these subjects that can be readily integrated with organic agriculture methods. Despite a 
long history of sustainable agricultural production in China, modernisation of farming prac-
tices during the 20th century led to the abandonment of customary methods and knowledge. 
This trend changed during the 1980s when China began carrying out a research and demon-
stration program for ecological agriculture. By 1990, they had entered the international organic 
market with tea certified by a foreign agency, in 1994 the Organic Food Development Center 
was established and the following year a set of national organic standards was published (Zong 
2002). China is unusual because the introduction of organic agriculture has been a top-down 
process (Zong 2002), unlike the experience of most countries where organic agriculture has 
been a farmer/consumer-based movement, initially championed from the bottom up. The 
other example, Cuba, is also a socialist state.

Many parts of Africa experience severe poverty and face some of the most difficult condi-
tions for agricultural production. Developing solutions is an ongoing problem, and it is likely 
that many strategies will be needed, each customised to the needs of the targeted community. 
Organic agriculture has been adopted in few African countries. For example, the establish-
ment of the Kenyan Institute of Organic Farming in 1987 increased the transfer of information 
about organic methods and, although the government was not initially supportive, the country 
now has the largest number of IFOAM members of any African nation (Parrott and Marsden 
2002). Countries in the west of Africa such as Senegal and Burkina Faso have also established 
NGOs that set local certification standards to reduce external certification costs, provide 
training in organic food processing, labelling, packaging and storage and establish local and 
distant markets for selling organic produce (Anobah 2000).

Australia has the largest (10 million hectares) and Argentina the second largest (3 million 
hectares) area of organic farmland in the world (Yussefi 2004). A major portion of the organic 
land in these countries is used for extensive, low-input grazing on relatively few individual 
farms. The high level of adoption of organic agriculture by graziers in these countries suggests 
that organic pastoral production was technically easier to implement than organic broadacre 
cropping. Both countries have well-developed export markets for organic grains (Halpin and 
Brueckner 2004, Lernoud and Piovano 2004), so differences in market size and accessibility 
are unlikely to be a limiting factor for organic cropping.

The modern organic mo�ement
Scientists became increasingly interested and aware of organic agriculture in the 1980s, even 
those who were not supportive of alternative agricultural systems. They found the academic 
climate and funding sources were more amenable to its study than in previous decades, which 
resulted in a rash of research, much of which, unfortunately, was comparisons of organic and 
non-organic agriculture, rather than research designed to assist organic producers or underpin 
organic principles and practices (Lockeretz 2002). By the end of the decade, the level of interest 
in organic agriculture and the volume of information compiled about organic methods had 
become sufficient to enable the highly successful publication of the landmark book Organic 
Farming by Nicolas Lampkin (1990).

Trends that began in the 1970s, and accelerated through the 1980s, continued to flourish 
during the 1990s and into the new millennium. Demand and production continued to grow 
exponentially around the world, often at 20–30% per year. Formal political and legislative rec-
ognition was achieved. Normally this was started by bringing organic agriculture under legis-
lative control. Following this were intergovernmental agreements to facilitate international 
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organic trade, mostly by creating systems by which certification standards in the exporting 
country were shown to be equivalent to those of the importing country, a system that parallels 
and duplicates IFOAM’s Organic Guarantee System. Significant political traction was also 
being made in international/intergovernmental agencies such as the European Union (EU) 
and the United Nations Food and Agriculture Organization. Public concerns about food and 
its production systems continued with further ‘food scares’ such as bovine spongiform enceph-
alopathy (BSE) in the UK and the emergence into public awareness of ‘genetic engineering’that 
in parts of Asia, Australasia and particularly Europe became a highly charged political issue.

Science increasingly became a tool to demonstrate the benefits of organic agriculture and 
the problems with industrial agriculture (Pretty et al. 2000). This helped organic organisa-
tions make the case for much closer cooperation between themselves and other environmen-
tally aligned organisations, for example nature conservation groups. It also showed that useful 
research could be carried out on organic farms. Since the 1980s, numerous organic research 
centres and associations have been established internationally; taken active roles in conduct-
ing new research in the agronomic, environmental and social sciences; have documented and 
published findings to fill the strong demand for information; and provided extension and 
training to farmers and advisers. Several NGOs and companies began to perform an auxiliary 
function to the certifying agencies by carrying out independent reviews of products intended 
for use in certified organic production, handling and processing. The Organic Materials 
Review Institute (www.omri.org) and Pesticide Action Network North America (www.panna.
org) are examples of such organisations.

By the late 1990s increasing concerns were being raised about organic agriculture following 
in the footsteps of industrial agriculture and losing its vision (e.g. Woodward et al. 1996). 
Examples of this are the huge growth in sales though supermarkets and increasing amounts of 
organic produce being transported large distances to satisfy demand in affluent countries. 
This concern is explored further in Ikerd (see Special topic 3). These concerns have resulted in 
a refocusing on the neglected issue of social equity (e.g. ensuring that farmers are paid a fair 
price for their produce). One outcome of this is the linkages formed between the Fair Trade 
and the organic movement (Browne et al. 2000). There is active debate on introducing Fair 
Trade requirements for European organic producers that have, to date, only been used by 
farmers in the third world. A practical example of reforming the links that existed between 
organic producers and consumers in the 1960s and 1970s are the rapid increase in ‘farmers 
markets’ in the USA and UK where traditional produce markets have been resurrected by 
requiring stall holders to be both local and only sell goods they have produced (Vanzetti and 
Wynen 2002).

In 2004, 80% of organically managed land is located in only ten countries, with more than 
50% in two countries, Australia and Argentina (Yussefi 2004). However, the most intensive 
adoption of organic agriculture has occurred in western Europe, especially in the German-
speaking countries and Scandinavia, with three countries achieving at least 10% of organic 
agriculture and five more countries with over 5% organic agriculture (Table 1.2). The highest 
numbers of organic farms are reported to be in many non-European countries, although some 
European countries also have over 15,000 organic farms (Table 1.3).

Most consumption takes place in affluent countries. The global organic market is esti-
mated to be worth about US$23 billion from organic food and drinks, of which North America 
collects about half, Europe gets nearly half also, while only 3% of revenues are shared between 
all other countries (Sahota 2004). Traditional staple food products such as grains, fruit, vege-
tables, meat and diary products are most commonly grown, although demand for cash crops 
such as sugar, coffee and wine is also increasing.
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Many governments today have accepted the arguments that there are problems with con-
ventional agriculture and that organic agriculture offers a viable solution to many of these. 
This has resulted in policies and government actions that support the development of organic 
agriculture along two main pathways (Dabbert et al. 2001):

1 for the marketplace, or 
2 for public-good environmental outcomes. 

There are a numerous areas where agricultural policies have the potential to influence the 
adoption and success of organic agriculture (Table 1.4).

A key policy role for many governments is defining organic agriculture in law and creating 
enforcement mechanisms, often by using existing non-governmental certification agencies. 
Examples of this are the NOP in the USA and EU Regulations 2092/1991 and 1804/1999 (for 
crop and animal production respectively). Laws such as these are often as much for the protec-
tion of consumers as for the advancement of organic agriculture. A second policy role for many 
governments is the provision of direct subsidies for conversion and, in some cases, ongoing 
production. The use of cash subsidies for using certain farming practices is a common feature 
of agricultural production in many countries. In Europe especially, such incentives have been 

Table 1.2 Percentage of national agricultural land under organic management (Yussefi 2004)

Country Percentage (%)

Liechtenstein 26.4

Austria 11.6

Switzerland 10

Italy 8

Finland 7

Denmark 6.7

Sweden 6.1

Czech Republic 5.1

United Kingdom 4.2

Germany 4.1

Table 1.3 Number of farms under organic management (Yussefi 2004)

Country No. of farms

Mexico 53,577

Italy 49,489

Indonesia 45,000

Uganda 33,900

Tanzania 26,986

Peru 23,057

Brazil 19,003

Austria 18,576

Turkey 18,385

Spain 17,751
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used for several years to encourage growers to convert to organic agriculture. Although 
improvements in the relative competitiveness of organic agriculture have been found and are 
expected to continue, it is unclear if direct payments have been the most efficient tool for 
improving environmental performance of farmers (OECD 2003).

More recent government policies have actively assisted and promoted organic agriculture 
as a means of addressing the problems of agriculture. In the UK, the Department for Environ-
ment Food and Rural Affairs (DEFRA) developed the ‘action plan’ to ensure stable and strate-
gic growth for organic food production (DEFRA 2002).

Organic agriculture is now widely recognised by the public and governments as a valid 
alternative to conventional agriculture and is a source of ideas and approaches that conven-
tional agriculture can adopt to make it more sustainable. However, the process of reaching this 
position has resulted in organic agriculture taking on some of the practices of conventional 
agriculture that are at odds with organic principles. A groundswell has started that is attempt-
ing to focus the organic movement on addressing these concerns; however, many of these off-
farm issues, for example, food miles, may be much harder to change than what has been 
achieved on the farm.

The principles of organic agriculture

De�elopment of the principles
To understand the motivations of organic farmers, the practices they use and what they want 
to achieve, it is important to understand the guiding principles of organic agriculture. These 
principles encompass the fundamental goals and caveats that are considered important for 
producing high quality food, fibre and other goods in an environmentally sustainable way. 
The principles of organic agriculture have changed with the evolution of the movement. 
Modern organic agriculture’s alignment with the wider environmental movement has resulted 
in principles that have a stronger environmental focus than those from the first half of the 
20th century. In addition, it is only within the last 30 years that the principles have been 
codified and explicitly stated. For much of organic agriculture’s history, the principles were 
unwritten as they were inherent in the philosophy and practice of the farmers:

1 The concept of the farm as a living organism, tending towards a closed system in respect to 
nutrient flows but responsive and adapted to its own environment.

2 The concept of soil fertility through a ‘living soil’ which has the capacity to influence and 
transmit health through the food chain to plants, animals and [humans]; and that this can 
be enhanced over time.

Table 1.4 Agricultural policy mechanisms relevant to organic agriculture (after Part 3 of  
OECD 2003)

Providing regulatory frameworks, including review processes

Direct subsidies for conversion and on-going production or performance targets

Market facilitation (domestic and international)

Funding research, extension and educational activities

Regional development initiatives

Penalties for environmentally harmful inputs, e.g. polluting, chemical contamination

Removal of disincentives, e.g. weak labelling requirements
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3 The notion that these linkages constitute a whole system within which there is a dynamic 
yet to be understood.

4 The belief in science and an insistence that whilst these ideas might be challenging orthodox 
scientific thinking, they could be explored, developed and eventually explained through 
appropriate scientific analysis. 

It was not until the organic movement became global and its arguments started gaining 
recognition in the wider political and social spheres that the need to articulate organic agricul-
ture’s fundamental values to outsiders arose. IFOAM has been the key organisation defining 
the principles of organic agriculture. The original principles created in 1980 are presented in 
Table 1.5.

The principles, until now, have been published at the start of the IFOAM ‘basic standards’ 
of the organic guarantee system. They served as an introduction to the standards to clarify the 
aims of organic agriculture (Woodward and Vogtmann 2004). The original seven principles 
have frequently been amended and added to over the intervening period. The process of 
revision has been done at the biennial General Assembly where members tabled motions for 
changes, which were debated and voted on. They have also been amended as part of the revision 
of the standards. This process has lead to the current ‘principle aims of organic agriculture for 
production and processing’. The current list (Table 1.6) is substantially longer than the seven 
principles of the 1980s and they are ‘principle aims’ rather than principles.

In recent years there has been an increasing feeling that the principle aims have become 
bloated, lack consistency and have been weakened (e.g. Woodward and Vogtmann 2004). A 
motion passed at the IFOAM General Assembly in 2002 resulted in the world board setting up 
a taskforce to rewrite the principles. The results of the taskforce’s work, which includes 
thorough consultation, will be taken to the 2005 General Assembly for acceptance. Therefore, 
at this time they are a work in progress with an initial draft now published. The draft princi-
ples (Table 1.7) differ notably from the current principle aims and are closer in philosophy and 
structure to the original 1980 principles.

In addition to this work, others have been debating and refining organic principles. As the 
governments in the USA were developing rules to control the production, promotion and sale 
of organic goods in the 1990s, Benbrook and Kirschenmann (1997) published a brief list of 
principles to provide a common framework for stakeholders and decision makers to base rec-
ommendations. Around the same time, the Danish Research Centre for Organic Farming 
(DARCOF) initiated a national debate on the principles of organic agriculture due to perceived 
uncertainties in existing principles and the need for clear principles to guide research planning. 

Table 1.5 IFOAM principles of organic agriculture in 1980 (Woodward and Vogtmann 2004)

To work as much as possible within a closed system, and draw upon local resources.

To maintain the long-term fertility of soils.

To avoid all forms of pollution that may result from agricultural techniques.

To produce foodstuffs of high nutritional quality and sufficient quantity.

To reduce the use of fossil energy in agricultural practice to a minimum.

To give livestock conditions of life that conform to their physiological needs and to humanitarian 
principles.

To make it possible for agricultural producers to earn a living through their work and develop 
their potentialities as human beings.
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This resulted in a detailed discussion document (DARCOF 2000) that has been included in the 
IFOAM review (IFOAM 2002).

The principle of health is holistic in its outlook and takes health as more than a state of ‘not 
being ill’ but one of holism, self regulation, regeneration and balance. It applies to the whole 
agricultural sphere from ecosystems as a whole to the individual parts such as soil, plants, live-
stock and people. This principle links organic agriculture to the issues that were of concern to 
the founders of the organic movement in the 1920s to 1940s, which were based on human 
health, and is exemplified by Lady Eve Balfour’s quote ‘healthy soil, healthy plants, healthy 
people’ which has become the motto of many organic organisations such as The Soil Associa-
tion (UK), Soil and Health Association (NZ) and the Rodale Institute (USA). The principle 
also asserts that humans are an integral part of natural systems rather than being separate 
from them. Being an integral part of natural systems means that humans are dependent on 
such systems and when they are damaged there will also eventually be negative repercussions 
for humanity. An illustration of this thinking is the Costanza et al. (1997) seminal paper which 
attempted to give ecosystem services and natural capital a monetary value where they had pre-
viously been left out of, or given zero value, in economic analysis. The paper showed that the 
services and natural capital, such as plants providing oxygen, were ‘worth’ much more than 
the global gross national product and highlighted humankind’s dependence on these services.

The ecological principle is a broader assertion of the first principle of the 1980s that states 
organic farmers need to work within a closed system and draw upon local resources. This 

Table 1.6 Objectives that IFOAM considers ‘the principle aims of organic agriculture for 
production and processing’ in 2004 (IFOAM 2002)

To produce sufficient quantities of high quality food, fibre and other products.

To work compatibly with natural cycles and living systems through the soil, plants and animals in 
the entire production system.

To recognise the wider social and ecological impact of and within the organic production and 
processing system.

To maintain and increase long-term fertility and biological activity of soils using locally adapted 
cultural, biological and mechanical methods as opposed to reliance on inputs. 

To maintain and encourage agricultural and natural biodiversity on the farm and surrounds 
through the use of sustainable production systems and the protection of plant and wildlife 
habitats. 

To maintain and conserve genetic diversity through attention to on-farm management of genetic 
resources.

To promote the responsible use and conservation of water and all life therein.

To use, as far as possible, renewable resources in production and processing systems and avoid 
pollution and waste.

To foster local and regional production and distribution.

To create a harmonious balance between crop production and animal husbandry.

To provide living conditions that allow animals to express the basic aspects of their innate 
behaviour.

To utilise biodegradable, recyclable and recycled packaging materials.

To provide everyone involved in organic farming and processing with a quality of life that satisfies 
their basic needs, within a safe, secure and healthy working environment.

To support the establishment of an entire production, processing and distribution chain which is 
both socially just and ecologically responsible.

To recognise the importance of, and protect and learn from, indigenous knowledge and 
traditional farming systems.
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expanded vision states that organic agriculture should function in the same way as natural 
ecological systems. Ecological systems are viewed as being self contained, self maintaining and 
self sufficient; for example, most plant nutrients are continuously cycled within the ecosystem 
and the systems are self-regulating, in that plant and animal populations are kept within 
certain limits by a multitude of both positive and negative feedback mechanisms. For farms, 
this means they should work within a closed system for nutrients, avoid fossil fuels, and design 
farming systems that are self regulating, such as growing plants that increase biological control 
agent populations so that they control pests, rather than using interventional techniques such 
as pesticides derived from natural sources.

The fairness principle is concerned with the relationships between the different groups of 
people involved in agriculture, such as landowners, workers and consumers, and ensuring the 
humane treatment of animals. Organic agriculture has always had a strong social equality 
dimension, and while this has had less prominence during the 1980s and 1990s, there are 
increasing calls for greater emphasis to be given to it. This means that workers should not be 
exploited and should be paid a fair wage for their work that allows them to live in a dignified 
manner; for farmers to be paid a fair amount for their product and for consumers to get a 
quality product at a reasonable price. These are issues that are also at the heart of the ‘fair 
trade’ movement, and which the organic and fair trade movements are now working closely 
together to implement. The principle also extends beyond the present, to include future gener-
ations, wherein the activities of the current generation should not be detrimental for future 
generations. Concerning livestock, the principle requires producers to treat animals in a 
humane and ethical manner. This is a complex and controversial area as people’s views on the 
treatment of animals has changed considerably over recent times and differs noticeably 
between cultures. There is, therefore, continued discussion within the organic movement on 
animal rights, humane treatment of animals and even the need for livestock within organic 
systems. Within this debate, the focus is on ensuring that livestock are healthy, that they are 
kept in living conditions compatible with their physiology and natural behaviour, and that 
minimises stress and pain. This leads to certification standards on livestock housing design, 
stocking densities, avoiding feeds that an animal would not naturally eat and not breeding 
animals so that they have inherent problems, such as insufficient leg strength in turkeys.

The principle of care is an incarnation of the ‘Precautionary Principle’ based on the defini-
tion made at the Wingspread Conference Centre, Wisconsin, January 1998 (Montague 1998), 
‘When an activity raises threats of harm to human health or the environment, precautionary 
measures should be taken even if some cause and effect relationships are not fully established 
scientifically’. In practice the precautionary and care principles reverse the logic of risk 

Table 1.7 IFOAM’s draft revised principles of organic agriculture

Principle of Health
Organic agriculture should sustain and enhance the health of soil, plant, animal and human as 
one and indivisible.

Ecological Principle
Organic agriculture should be based on and work with living ecological systems and cycles, 
emulate them and help sustain them.

Principle of Fairness
Organic agriculture should be built upon relationships that ensure fairness with regard to the 
common environment and life opportunities.

Principle of Care
Organic agriculture should be managed in a precautionary and responsible manner to protect the 
health and well being of current and future generations and the environment.
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 management and cost benefit analysis where a proposed activity has to be proven to be harmful 
to prevent its use. The precautionary and care principles require activities that have the poten-
tial to be harmful to prove they are safe before they are permitted. The principle of care ensures 
that organic agriculture does not use new technologies that are likely to be harmful without a 
thorough understanding of them and measures to prevent potential harm. This approach is a 
pivotal reason for the organic movement banning the use of genetically modified organisms 
because  it views the technology as having a high potential for producing unanticipated negative 
effects and that the cost of such effects will be paid for by people other than those benefiting 
from the technology. However, while organic standards do not currently permit the use of 
genetically modified organisms (GMOs), IFOAM World Board member Liz Clay (2003) has 
written about ‘facing up to GMOs’. This indicates that evaluating new technologies according 
to the organic movement is problematic and will be subject to debate. In comparison, organic 
agriculture has eagerly adopted a range of new technologies, such as ensilaging grass and novel 
machinery, as their potential to cause unpredictable negative impacts is low, their use can be 
stopped and it is the user who is most likely to suffer if there are problems. The principle of 
care also extends to future generations and the environment as a whole, the considerations of 
which are often excluded from risk management and cost benefit analyses. 

The principles in context

At its base, organic agriculture is a holistic/whole system approach to land management and 
agricultural production. This is demonstrated by the approach to pest control whereby it is the 
design and interaction of the farm as a whole that controls pests, compared to industrial agri-
culture where pests are viewed in isolation and are controlled with pesticides. This holism 
dates back to the beginning of organic agriculture in that the farm was viewed not as a collec-
tion of separate parts but a single, self-managing organism. This view of the farm as an 
organism is the origin of the term ‘organic’ and is based on similar logic as James Lovelock’s 
(1979) theory of the planet as a single organism. For the earlier developers of organic agricul-
ture, the common exchange of resources (labour, inputs and produce) between farms at the 
village or district scale would also have seemed natural. Now, inputs may be sourced from one 
country, applied in a second country by a farm worker from a third country, to produce food 
for a fourth country.

Organic agriculture also views humans as clearly being part of nature, not separate nor 
dominating or controlling it. It is from this perspective that the need for humans to work with, 
not against, ecological and other natural processes comes. Examples include ensuring closed 
nutrient cycles, using renewable energy and not producing pollutants. However, organic agri-
culture is embedded in the wider society, and it can only achieve such aims if the rest of society 
also achieves them. For example, it is difficult to work within closed nutrient cycles when the 
community that consumes organic produce has no effective means of returning the nutrients 
in the food back to the farm.

Although taking a holistic approach and wanting to work with natural systems, organic 
agriculture views current levels of scientific understanding/knowledge of such systems as 
incomplete. It takes the ecological view that such systems are phenomenally complex and at 
some levels, fundamentally unpredictable. This view of unpredictability is especially applica-
ble when humans interfere and change natural systems; the concern is that the negative unpre-
dicted effects are likely to be much greater than predicted benefits. This is an another 
application of the precautionary principle in that negative effects resulting from changes to 
ecological and other natural systems may take many decades, even centuries, to become 
apparent, at which point it is impossible to correct them.
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Organic agriculture is also a highly ethical form of agricultural production, with clear 
concerns for animal and human welfare, such as ensuring that farmers get a fair return for 
their work and are not exploited by consumers. There is also a strong undercurrent of social 
justice, which forms a continuum back to the earliest organic proponents, and which is also 
equally strong in the ‘green’ movements across the globe. There is a view of agriculture being 
different and more fundamental from other ‘industries’ and there is a need for people to recon-
nect with agriculture. Such reconnection is considered an important step in addressing many 
of the social ills perceived by the organic movement.

These principles of organic agriculture are in contrast with industrial farming and the 
‘reductionist’ approach that underlies it, where each crop can be grown in isolation and individ-
ual issues such as nutrition, pests and diseases are all addressed individually rather than part of 
a system. Industrial farming also exhibits a split between people and nature, with a confronta-
tional attitude, as demonstrated by the militaristic trade names of many pesticides and herbi-
cides, such as Invade, Ambush and Warrior! Farming is also viewed as just another means of 
production, which should not be afforded any more rights or limited by more obligations than 
other production sectors, and is not considered a fundamental part of a society (Reeve 1992).

Organic agriculture and the philosophy on which is it founded are fundamentally different 
from industrial agriculture and the philosophy that underlies it. This difference between them 
has been obscured since the 1990s by the rapid emergence of market-driven organic agricul-
ture. To fully understand the organic movement it is essential to understand its worldview and 
underlying principles, which includes often radically different philosophies from that of main-
stream society.

Challenges for organic agriculture
While organic agriculture aims to be environmentally sustainable, it has not yet reached its 
goals and there are issues that still need to be addressed. Many of these issues are reviewed in 
detail in other chapters of this book, including several key topics that were selected for particu-
lar analysis, such as the impact of tillage in organic agriculture and the industrialisation of 
organic production systems.

A common question asked of the organic movement relates to its yields (e.g. Trewavas 
2004): can organic agriculture feed the world? Like questions about sustainability, productiv-
ity also depends on many factors including the farmer’s background, the farm’s resourceful-
ness and local and national support mechanisms. The appropriate answer may be: does 
conventional agriculture successfully feed the world now? High input-high yielding systems 
are currently failing to feed the world, not because of problems with productivity, but because 
of problems with food distribution and social organisation, and serious concerns such poverty, 
racism and gender imbalance (Woodward 1996).

Comparisons of organic and conventional farming have been a common feature of the 
organic literature since the 1980s. The researchers have looked at a wide range of measures 
including yield, economics, resource use efficiency, environmental impacts and social factors 
on a diverse range of farm types such as dairies, orchards and mixed cropping farms. Some 
important examples of comparative research have been published in prestigious journals, pro-
viding valuable credibility for claims that organic agriculture is productive and sustainable 
(Reganold et al. 1993, Drinkwater et al. 1998, Mäder et al. 2002). Additionally, numerous other 
studies have been published in academic journals of various disciplines (e.g. Murata and Goh 
1997, Letourneau and Goldstein 2001). Some key findings from research that has examined 
yields suggest trends including (Wynen 1994, Stonehouse et al. 2001, Mendoza 2002):
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•	 yields equivalent to or better than conventional agriculture may be achieved, although 
often they are not;

•	 yields decrease during conversion but then improve afterwards;
•	 organic farms have higher levels of soil biological activity and biodiversity;
•	 weeds can have major impact on yield in cropping systems, and specific pests and diseases 

can be problematic in their host crops and animals;
•	 some nutrients may have negative budgets for certain organic crops, depleting soil 

reserves of that nutrient;
•	 organic agriculture causes less pesticide contamination in food, people and the 

environment; and
•	 the beneficial effects of organic agriculture in food quality are unconfirmed.

Farming systems comparisons, preferably conducted over several years, supply valuable 
information about agricultural productivity and performance. However, they are subject to 
important limitations including management × site × variety interactions and externalities  
(e.g. energy, pollution and health) that may not be taken into account. High levels of govern-
ment and commercial support have been invested over many decades in optimising plant and 
animal germplasm, soil fertility and pest management systems, and human capacity for con-
ventional farming systems. This support would be expected to create substantial advantages 
for conventional producers.

Research methods for comparative systems trials are continually being refined, not only 
regarding agricultural and ecological considerations, but also social and statistical issues (van 
der Werf et al. 1997, Powell 2002). In addition to productivity, the importance of other farming 
systems’ attributes such as resilience and stability have also been highlighted (McConnell 1992, 
Trenbath 1999). For example, Lotter et al. (2003) reported that organic maize outyielded con-
ventional maize by significant margins in 4 out of 5 drought-affected years. A range of new 
frameworks are being developed for addressing externalities, environmental impacts, labour 
relations and so on. These frameworks include EMS (Ridley et al. 2003), input-output analysis 
(Zinck et al. 2004) and life cycle analysis (Brentrup et al. 2004).

Other, more fundamental, intrinsic differences between systems may also exist. Some 
farming systems attempt to do more than simply produce goods for sale. Organic farmers are 
required to act as stewards of the land, not just agricultural factory managers (Table 1.6). They 
must also observe a growing range of environmental and social restrictions, but conventional 
farmers are not faced with the same limitations. Wes Giblett, a biodynamic dairy farmer in 
Western Australia explained in a conversation recently, ‘the aim is to grow topsoil’, emphasis-
ing that good agricultural management as demonstrated by deepening topsoil, underpins 
success in sustainable farming. Wes runs the only organic dairy in Western Australia, supply-
ing a State that is 2.5 million square kilometres – 10 times larger than Germany – with a popu-
lation of almost 1.5 million. Although he has a very successful, vertically integrated dairy 
products business, his primary concerns about farming are topsoil, the welfare of his cows and 
contributing to the development of organic agriculture in his region.

Rather than limiting the analysis of organic agriculture to a comparative approach, it is 
more worthwhile to look for the underlying mechanisms and general principles. By identify-
ing the strengths and weaknesses in the organic system, improvements can be made for organic 
farmers and relevant knowledge transferred to receptive conventional farmers. In a world of 
many choices, organic agriculture is a serious option for many farmers and consumers. Sup-
porting that choice with credible science and critical evaluation is vital for improving the pro-
ductivity and environmental impact of organic agriculture.
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The challenges for organic agriculture will depend in part on the location and commodi-
ties being produced, but some concerns will affect organic farmers worldwide. Agronomic 
constraints including weeds, animal health and soil fertility continue to concern farmers. 
Inadequacies in regulatory and marketing structures frustrate farmers, processors and con-
sumers alike. With limited government support, the lack of large commercial supporters and 
the inability of smaller commercial operations to fund research and development, extension-
ists and researchers are less able to attract funding.

Maintaining a commitment to the principles of organic agriculture will also be a challenge. 
After almost a century of development, organic agriculture has been embraced by the main-
stream and shows great promise commercially, socially and environmentally. Behind the 
billion-dollar markets and the million-hectare farms, there are many organic growers and 
consumers who are deliberately opting for cleaner and safer goods that are produced with 
regard for the welfare of people and animals involved in production and with minimal impact 
on the environment.
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Introduction
All farming systems depend on the maintenance of soil fertility for environmental and 
economic sustainability. The effective management of soil fertility is based on understanding 
processes associated with its chemical, physical and biological components, but greater 
emphasis has traditionally been given to soil chemical fertility. Soils vary greatly in their 
inherent physical and chemical characteristics and thus in their capacity to support biological 
activity. Of course, agricultural practices also affect soil fertility but the magnitude of change 
depends on specific soil and environmental conditions. Therefore, local knowledge is neces-
sary to interpret the effects of farming practices on soil fertility.

Although organic farming has features of ‘sustainable’ agriculture, it cannot be assumed 
that organic management per se is more or less sustainable than some other farming systems 
(Reganold et al. 1990, Kirchmann and Thorvaldsson 2000). While all organic farming systems 
operate without the use of synthetic chemical inputs, many other practices used in organic 
farming are employed on both ‘organic’ and ‘conventional’ farms (Gosling and Shepherd 
2005). Many conventional farming systems effectively address issues related to sustainability 
such as nutrient use efficiency, appropriateness of rotations to landform and soil type, conser-
vation tillage, biodiversity and use of legumes (e.g. Stork and Jerie 2003, Ridley et al. 2004). 
Thus, there is a continuum in the level and nature of changes in soil characteristics associated 
with agricultural management practices, rather than two distinct categories of ‘organic’ and 
‘non-organic’ (Parr et al. 1983, Drinkwater et al. 1995). Consequently, the concepts of sustain-
ability and soil fertility management in organic farming systems have parallels in systems that 
use synthetic chemical inputs.

A key feature of organic farming systems is that they are, by necessity, very dependent on 
soil biological fertility, which in turn influences aspects of chemical and physical fertility. 
Organic farming systems aim to create temporal and spatial diversity in plant, animal and 
microbial life (Le Guillou and Scharpé 2000, IFOAM 2002, Treadwell et al. 2003). Particular 
emphasis is placed on creating a diverse microbial community to maximise nutrient use effi-
ciency from poorly soluble fertilisers and promote beneficial soil physical processes (Watts et 
al. 2001, Watson et al. 2002b). In contrast, those farming systems that primarily use synthetic 
chemical fertilisers to enhance soil chemical fertility may bypass important aspects of soil bio-
logical fertility that could contribute to the chemical, as well as to physical fertility of soil 
(Abbott and Murphy 2003).
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Current standards for organic practice may best suit chemically fertile soils in temperate 
climates rather than more impoverished soils in other regions. Globally, poor soils are gener-
ally dominant in tropical latitudes (Leonardos et al. 2000) and the most chemically fertile 
soils primarily occur in temperate areas (Huston 1993). Although differences in distribution 
of basic plant nutrients influence the extent to which farming systems are dependent on 
inputs, local exceptions occur within these global generalisations. Certified organic farming 
practices evolved in regions with chemically fertile soils (especially in Europe and North 
America) (Treadwell et al. 2003). In contrast, precursors of modern organic farming practices 
have been successful on chemically infertile soils for hundreds of years (e.g. in tropical soils 
in Africa, South America and Asia) and may include high inputs of organic matter (including 
animal and human waste). At the other end of the scale, great expanses of arable land are cer-
tified ‘organic’ primarily because of the impracticality of using synthetic inputs (e.g. vast 
areas of arid Australia). On a global scale, inherent soil chemical infertility is associated with 
the greatest plant species diversity (Huston 1993).

The results of field trials and paired comparisons (e.g. ‘organic’ versus ‘conventional’ 
farms) evaluating effects of organic farming systems on components of soil fertility need to be 
interpreted with caution (Gosling and Shepherd 2005). Long-term studies provide an oppor-
tunity for soil biological processes to stabilise. However, few of the published field trials evalu-
ating the effect of farming systems on soil fertility have been run for longer than eight years 
and most have been conducted in regions with naturally chemically fertile soils and temperate 
climates (Table 2.1). Also, the evaluation of soil fertility in organic farming systems needs to be 
made at the level of specific management practices (Kirchmann and Bergström 2001, Shepherd 
et al. 2002, Stockdale et al. 2002, Stockdale and Cookson 2003) but this is not always practical. 
Both direct and indirect effects of specific management practices on the components of soil 
fertility should be considered to allow more complete interpretation of the impacts of soil dis-
turbance resulting from changes in agricultural practices on soil fertility.

In this review, we consider components of soil fertility in the context of organic farming 
systems and how certified organic practices are used to manage soil fertility. Data from long-
term field studies evaluating organic farming are discussed in terms of the components of soil 
fertility. The concept of soil fertility is also viewed in relation to its relevance to the application 
of organic farming practices across landscapes and soil types in different climatic zones.

Components of soil fertility
The use of the term ‘soil fertility’ is of little value unless the physical, chemical and biological 
properties of soil that contribute to its fertility are all considered (Abbott and Murphy 2003). 
There is widespread agreement as to general standards for ‘good’ soil physical and soil chemical 
fertility (which take into account different soil types), but standards for ‘good’ soil biological 
fertility are more difficult to define (Abbott and Murphy 2003). Furthermore, in contrast to 
chemical fertility, there are few commercial services available for farmers to measure soil 
physical and biological properties (Price 2001), and so the use of this information is not wide-
spread. The greater emphasis on biological processes in organic farming means that the 
chemical fertility of the soil depends to a large degree on how management practices facilitate 
beneficial biological processes.

Soil physical fertility
Soil physical fertility contributes to the sustainability of organic farming systems by creating 
the framework in which biological and chemical processes supply nutrients to plants and 
protect soil from erosion. Soil physical fertility in organically managed systems is generally 
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Table 2.1 Examples of changes in soil organic matter with implementation of organic 
management treatments in long-term field experiments

Trial description Changes in organic matter

Roseworthy Farming Systems Trial, South 
Australia

Conventional, organic, biodynamic and 
transitional management of pasture-grain 
production in 440 mm y–1 rainfall area over 
9 years. Different organic matter additions, 
tillage, fertiliser and rotation. 

The initial soil organic C content of 1.3% 
increased to 1.54% in the conventional 
treatment and remained unchanged in the 
organic treatment after eight years. In the 
organic treatment, the negative effects on soil 
organic matter of tillage for weed control may 
have offset the benefit of incorporating  
4.3 t ha–1 of green manure in the third year 
(Penfold et al. 1995). 

DOK Trial, Switzerland

Organic, biodynamic and two conventional 
treatments over 18 years. Treatments had 
identical rotation and tillage and all received 
manure, except one of the conventional 
treatments.

Compared to the beginning of the trial, soil 
organic matter C:N and total N remained 
unchanged. The initial soil organic C content of 
1.7% decreased by 22% in the unmanured 
conventional treatment and by 13% in the 
manured treatments (Fließbach and Mäder 
2000). The decreased light fraction C in both 
organic treatments compared to both 
conventional treatments (Fließbach and Mäder 
2000) was attributed to increased organic matter 
decomposition (Fließbach et al. 2000). 

Sustainable Agriculture Farming Systems 
Project (SAFS), California, USA

Organic, integrated and conventional 
treatments with the same four-year rotation 
and one conventional two-year rotation. 

Compared to baseline levels, soil organic C and 
N increased by 22% in the organic treatment and 
<1% in the conventional treatment (Clarke et al. 
1998). Carbon inputs to the organic treatment 
(poultry and green manures) were 6.2 times 
greater than to the conventional system 
(Gunapala and Scow 1998).

Results after the first and second rotation. The 
systems varied in fertiliser (synthetic or organic), 
winter cover crop and irrigation frequency 
(Gunapala and Scow 1998).

Rodale Institute Farming Systems Trial, 
north-east USA

Conventional arable (synthetic fertiliser), 
organic arable (green manures) and organic 
mixed (green manure and manure) over 15 
years. 

The organic crop treatment had lower but more 
diverse organic matter inputs than the 
conventional treatment. In the organic crop 
treatment soil organic C and total N increased, 
whereas they decreased in the conventional 
treatment (Drinkwater et al. 1998).

Apple production, Washington State, USA

Quantification of soil quality under 
conventional, integrated and organic apple 
production. Results 4 years after planting. 

There was no difference between treatments in 
soil organic C content after 4 years. However, in 
the year following compost additions, soil 
organic C in the integrated and organic 
treatments was higher than the conventional 
treatment (Glover et al. 2000). Lack of organic 
matter additions was critical to the conventional 
treatment receiving the lowest quality rating 
(Reganold et al. 2001).

Apple production during conversion, 
California, USA

Conventional and organic irrigated apple 
production. Results from the second and 
third years of organic management.

There was no difference in soil organic C or total 
N content despite 2.1 t ha–1 of C inputs to the 
organic treatment. Potentially mineralisable N 
was larger in the organic treatment at some 
sampling times (Werner 1997).
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improved compared to conventional practices (Locketertz et al. 1981, Reganold et al. 1987, 
Reganold et al. 1993, Lytton-Hitchins et al. 1994, Siegrist et al. 1998, Glover et al. 2000, Shepherd 
et al. 2002) due to the beneficial effects of increased organic matter inputs on soil organisms 
and soil structure (Shepherd et al. 2002). Organic matter does little to improve soil aggrega-
tion, without the activities of soil organisms (Watts et al. 2001). Improved soil structure and 
root growth may be critical in organic farming systems for effectively using soil reserves of 
nutrients and poorly soluble fertilisers (Shepherd et al. 2002), and for preventing nitrogen (N) 
leaching from mineralising legume residues (Thorup-Kristensen 2001).

Organic farming practices do not always lead to improvements in all aspects of soil physical 
fertility compared to conventional practices. In some situations, soil physical characteristics 
are more dependent on soil type than on management (e.g. Drinkwater et al. 1995). Droogers 
et al. (1996) found that despite higher potential productivity (Droogers and Bouma 1996) and 
improvements in some measures of physical fertility, an organically managed soil had a higher 
probability of being compacted than a conventionally managed soil unless the farmer timed 
machinery traffic carefully. Although tillage practices can be similar for some organic and 
conventional farming systems (e.g. Droogers et al. 1996, Siegrist et al. 1998), weed control 
using cultivation in some organic farming systems can lead to soil structural decline, loss of 
soil organic matter (Gosling and Shepherd 2005) and loss of topsoil by erosion (e.g. in inten-
sive horticultural systems).

Soil chemical fertility
The chemical fertility of soil reflects its capacity to provide a suitable chemical and nutritional 
environment to plants (Stockdale et al. 2002) and to support biological and physical processes 
(Abbott and Murphy 2003). The maintenance of soil chemical fertility in organic systems 
depends strongly on processes that govern transformations from fixed to soluble forms of 
nutrients (Stockdale et al. 2002, Watson et al. 2002a) such as mineralisation of organic matter 
and dissolution of minerals. Although these processes also occur in conventional agricultural 
systems, organic farms rely on them to a greater extent (Stockdale et al. 2002).

Traditional methods for predicting fertiliser applications for building and maintaining soil 
chemical fertility may not be appropriate in organic farming systems (Oberson et al. 1993, 
Condron et al. 2000, Watson et al. 2002a). Most tests of chemical fertility were developed to 
predict nutrient release from highly soluble sources using relationships developed between 
chemical extracts of soil nutrients and plant uptake (Price 2001, Watson et al. 2002a). These 
relationships may not be directly applicable to organic farming systems where:

1 nutrient sources are predominantly organic or poorly soluble and therefore slow to become 
available; 

2 nutrient availability is more dependent on dynamic soil biological processes (Watson et al. 
2002a); and

3 release and uptake of nutrients occurs without demonstrable changes in soil chemistry 
because nutrients are rapidly taken up by plants or soil microorganisms without accumu-
lating in the soil solution. 

For example, Drinkwater et al. (1995) found that in organic farms, although soil inorganic 
N was one-quarter that of conventional farms, organic N mineralisation potential was three 
times larger. Similarly, Oberson et al. (1993) concluded that routine soil tests would not have 
been sufficient to predict phosphorus (P) fertility due to increased mobility of P ions in a bio-
dynamic system.

Options for monitoring soil fertility in organic farming systems may include ongoing (but 
time-consuming) quantification of trends in soil and plant analyses (Watson et al. 2002a). 
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Also, sequential tests may prove more useful for predicting the availability of nutrients to 
plants through a growing season in organic farming systems. The Organic Advisory Service in 
the United Kingdom performs a sequential P extraction to determine soil reserves, plant avail-
able and water soluble P (Fortune et al. 2001).

Combining soil analysis with nutrient budgets provides another way to monitor soil 
chemical fertility in organic farming systems, particularly in view of the concern that organic 
farming systems are mining soil nutrient reserves (Fortune et al. 2001, Watson et al. 2002b, 
Öborn et al. 2003, Oenema et al. 2003). Nutrient budgets quantify nutrient inputs and outputs 
from a defined area in a given time (Lampkin 1990, Watson et al. 2002b). Surpluses indicate 
the potential for nutrient losses to the environment and deficits suggest soil reserves of nutri-
ents are being exploited and question the sustainability of the system in terms of soil chemical 
fertility (Fortune et al. 2001). Nutrient budgets may also be used to determine nutrient use 
efficiency. However, nutrient budgets may be inaccurate because it is difficult (i) to estimate 
the nutrient contents and application rates for manures and composts and (ii) to directly 
measure N fixation and leaching on commercial farms (Watson et al. 2002b). Nitrogen fixation 
is generally estimated from published studies (e.g. Drinkwater et al. 1998) or modelling (e.g. 
Korsæth and Eltun 2000), and N leaching is often excluded from nutrient budgets (e.g. Clarke 
et al. 1998).

Soil biological fertility
Soil biological fertility refers to soil processes involving organisms that improve plant growth 
both directly (e.g. symbioses with root nodule bacteria and mycorrhizal fungi) and indirectly, 
through their effects on soil chemical fertility (e.g. organic matter mineralisation and mineral 
dissolution) and physical fertility (e.g. soil aggregation) (Lee and Pankhurst 1992, Degens 
1997). Soil biological fertility can be quantified by measuring the size, activity, diversity and 
function of communities. However, there are no agreed standards (Abbott and Murphy 2003, 
Gil-Sotres et al. 2005) and the full implications of increased populations, activity and diversity 
of soil organisms on soil function and plant growth are not known. Measures of soil biological 
fertility may be useful as indicators of long-term changes in overall fertility because they 
respond rapidly to changes in soil conditions (Nortcliff 2002).

Learning how to manage beneficial soil biological processes may be a key step towards 
developing sustainable agricultural systems (Lee and Pankhurst 1992, Welbaum et al. 2004). 
Central to organic farming is the aim of optimising plant production by maintaining a rich 
biological diversity in the soil (Le Guillou and Scharpé 2000, IFOAM 2002, Treadwell et al. 
2003). A soil’s capacity to support biological fertility is determined by inherent physical and 
chemical characteristics as well as management practices. The Sustainable Agriculture Farming 
Systems Project (SAFS) trial (see Table 2.1) showed that the relative importance of several 
environmental variables governing the composition of microbial communities were ranked in 
the order: soil type > measurement time > specific management practice > management 
system > spatial variation (Bossio et al. 1998). Management practices that may be used to 
maximise the benefits of soil organisms include organic matter additions, increasing plant 
diversity, reduced tillage practices and certain soil amendments (Lee and Pankhurst 1992, 
Ryan 1999, Welbaum et al. 2004). Without increased inputs of organic matter, neither organic 
nor conventional farming systems can expect to increase the size or activity of the soil biologi-
cal community (Ryan 1999, Stockdale et al. 2001, Stockdale and Cookson 2003).

Debate surrounds the potential role of soil biological processes in maintaining soil chemical 
fertility in organic farming systems. In theory, the chemical fertility and sustainability of 
organic farming relies on soil biological fertility to a greater extent than in conventional farming 
systems (Le Guillou and Scharpé 2000, IFOAM 2002). The fertilisers permitted in organic 
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farming systems are relatively insoluble in soil (IFOAM 2002) and the processes that govern 
their capacity to release nutrients are mediated or improved by soil organisms (Lampkin 1990, 
Stockdale et al. 2001). Organic farming may alter the function of the soil microbial community, 
increasing its ability to release nutrients from organic and poorly soluble sources, thereby com-
pensating for the absence of soluble nutrient inputs (Oberson et al. 1993, Penfold et al. 1995, 
AQIS 1998, Ryan 1999). This may be related to a ‘priming effect’ (Welbaum et al. 2004). 
However, Cookson et al. (2005a) found that despite differences in microbial community com-
position and functional diversity, there was little difference in gross mineralisation rates 
between the organic and conventional arable farming systems. Other field work showed that 
there was no difference in the response of crops grown in organically and conventionally 
managed soil to rock phosphate application, indicating that organic management had not 
increased the availability of rock phosphate to crops (Dann et al. 1996, Ryan and Ash 1999). 
Further research is needed to scientifically investigate the exact nature of biological activities 
under long-term organic and conventionally managed farming systems, especially in soils that 
are highly weathered.

Practices that enhance function of arbuscular mycorrhizal (AM) fungi and root nodule 
bacteria have potential to improve some aspects of soil biological and chemical fertility. Plant 
breeding for greater dependency on these symbioses could be equally important (Smith et al. 
1992, Ryan and Graham 2002, Marschner and Rengel 2003). AM fungi have the potential to 
access P in soil pores unavailable to plant roots (Schweiger 1993), but it is not known whether 
this mechanism has a significant effect in overcoming P deficiency. AM fungi can also improve 
plant availability of poorly soluble P sources such as rock phosphate and P adsorbed in soil 
(Barrow et al. 1977, Pairunan et al. 1980) by enabling plants to have access to P as soon as it is 
released into the soil solution. Under organic farming practices, the extent of root colonisation 
by AM fungi may be greater due to decreased use of soluble P fertilisers (Ryan et al. 1994, 
Mäder et al. 2000, Ryan et al. 2000) and the diversity of AM fungi can be greater (Oehl et al. 
2004b). However, the benefits of AM fungi to plant production and sustainability are very dif-
ficult to measure (Jakobsen et al. 2001) and appear to be environmentally dependent 
(Thompson 1987, 1990, Ryan and Graham 2002, Ryan and Angus 2003).

It may be possible to selectively increase the abundance and activity of certain soil organisms 
using agricultural inputs. For example, simple organic compounds such as sugars and complex 
humic substances may stimulate microbial activity, leading to short-term increases in biological 
activity and, potentially, to nutrient release and improved physical fertility (Welbaum et al. 
2004). Gleeson et al. (2005a, 2005b) demonstrated that specific fungi and bacteria occurred pref-
erentially on different silicate minerals. This observation is very significant if microorganisms 
preferentially stimulated in this manner have beneficial effects on soil fertility. While further 
understanding of the dynamics and diversity of soil biological processes is necessary in all 
farming systems, a soil may have ‘too much’ biological activity. This can occur if organic matter 
is continuously disturbed and exposed to rapid degradation, with subsequent loss of its value as 
a slow release nutrient source and contributor to maintaining or improving soil structure.

Managing soil fertility in organic farming systems

Underlying principles
The practices used to manage soil fertility in organic farming systems should be understood in 
terms of the aims and underlying principles on which they are based. This has been discussed 
in various reviews of aspects of organic farming systems (Stockdale et al. 2001, Shepherd et al. 
2002, Stockdale et al. 2002, Watson et al. 2002a) and in organic production standards (e.g. Le 
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Guillou and Scharpé 2000, IFOAM 2002). To achieve the long-term goal of sustainability, 
organic farming systems aim, as far as possible, to be self-sufficient for nutrients and organic 
matter by producing and reusing materials on-farm. Therefore, practices that facilitate the 
efficient re-use of nutrients and organic matter within the farm are stressed. Also, organic pro-
duction standards only permit non-synthetic fertilisers that are poorly soluble in the soil 
solution. Nutrient management in organic farming systems is not simply replacement of 
soluble fertilisers with insoluble fertilisers (Lampkin 1990, IFOAM 2002). To build and 
maintain adequate soil fertility, organic farming systems must integrate management prac-
tices such as those discussed below.

The unscientific nature of the ban on manufactured inputs in certified organic farming 
systems has been criticised (Kirchmann 1994, Kirchmann and Thorvaldsson 2000, Kirch-
mann and Ryan 2004), but the contrary practice of seeking to maximise crop yield using syn-
thetic inputs regardless of the environmental consequences is not scientifically based either 
(Doran et al. 1996, Leonardos et al. 2000). The design of treatments in Wells et al. (2000) 
shows how a farmer’s bias towards achieving certain objectives from production influences 
management choices. However, it is not the purpose of this review to justify the underlying 
assumptions of organic farming systems, but rather to discuss their effects on soil fertility.

Although it has been claimed that organic farming systems are fundamentally different 
from other systems, this cannot be substantiated from a soil fertility perspective. The manage-
ment of soil fertility in organic farming systems is variously characterised by mixed livestock-
arable systems, crop rotations, legumes, organic matter inputs and the use of fertilisers that are 
not readily soluble in soil (Stockdale et al. 2001); similar practices also characterise conven-
tional farming systems that address sustainability issues, including the use of legumes to 
manage plant and animal nutrition in broadacre livestock–crop production (Puckridge and 
French 1983) and crop and forage rotations to manage pests and soil fertility.

Livestock

Livestock can directly improve soil chemical and biological fertility by introducing organic 
matter and nutrients in manure and urine (Watson et al. 2002a). Although animal traffic may 
decrease some aspects of soil physical fertility (Watson et al. 2002a), the reduced tillage, dense 
rooting, increased root exudation and soil organic matter content associated with pasture 
phases (Nguyen et al. 1995, Murata and Goh 1997) increases soil aggregation and biological 
fertility and reduces erosion (Robertson and Morgan 1996, Breland and Eltun 1999, Eltun et al. 
2002). Livestock can also help to control weeds (Penfold 1997) which may reduce chemical fer-
tility by competing with plants for nutrients. The use of manure helps to achieve the aim of 
self-sufficiency in nutrients and organic matter, but it is not always available in large quantities 
(Condron et al. 2000) and its management during storage and handling needs to minimise 
gaseous and leaching losses of nutrients (Lampkin 1990).

Rotations that include livestock can be a key component of sustainable farming systems. The 
retention of mixed farming in organic farming systems and the associated increases in spatial 
and temporal habitat heterogeneity was partly responsible for increased diversity of organisms 
observed on organic farms, from soil microbes to mammals and birds (Hole et al. 2005). 
Without livestock, it can be difficult to manage nutrients, particularly N, in organic farms 
(Lockeretz et al. 1981, Lampkin 1990, Fortune et al. 2001, ,Stockdale et al. 2001) but dairy farms 
may be an exception to this because of their susceptibility to N losses (Watson et al. 2002a).

Legumes

Legumes are a fundamental component of organic farming systems (in pastures, green 
manures, cover crops or food crops) because they reduce or eliminate the need for external N 
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fertilisers (Stockdale et al. 2001) providing they are effectively nodulated. The sustainability of 
legume use to supply crops with N in either organic or conventional farming systems (Ridley 
et al. 2004) depends on the:

1 fixation of sufficient N in the legume biomass;
2 ability of the soil community to increase mineralisation of organic N; and 
3 capacity of farming practices to maximise the beneficial soil fertility and environmental 

effects of legumes and minimise their negative effects (e.g. increased acidity and N 
leaching).

Nitrogen fixation by legume biomass may be efficient but the availability of the residues to 
subsequent crops could be improved. Watson et al. (2002b) reviewed farm-scale nutrient 
budgets for 88 organic farms in temperate climates and found that although all of the N budgets 
showed a surplus, N use efficiency was low (average 0.3). Similarly, in another review, Berry et 
al. (2002) concluded that although legumes had the potential to supply sufficient N to crops, 
there was usually a shortfall. Where legume pastures are incorporated only once every few 
years, organically produced crop residues and manures tend to have low N contents and slow 
mineralisation rates. Improving legume-N availability to subsequent crops could be achieved 
by (i) careful timing of organic residue incorporation, (ii) management practices that improve 
the quality of legumes as microbial substrates and (iii) matching crop type with N mineralisa-
tion dynamics (Berry et al. 2002).

For legumes to maintain adequate N availability to plants, reductions in soluble N inputs 
must be compensated for by increased mineralisation of organic N (Bloem et al. 1994). Poten-
tially mineralisable N is frequently higher in organic farming systems (Reganold et al. 1993, 
Drinkwater et al. 1995, Gunapala and Scow 1998, Liebig and Doran 1999, Hauggaard-Nielsen 
et al. 2003). Bloem et al. (1994) attributed the higher average rates of N mineralisation (30%) 
for integrated compared with conventional farming to higher soil organic matter contents, but 
there was no difference in gross N transformations between a pair of organic and conventional 
arable farms (Cookson et al. 2005a). Mite diversity in a conventional soil under wheat was cor-
related with gross N immobilisation (Osler et al. 2004), so this may also be relevant in organic 
farming systems because mites can increase the diversity of soil fauna (Mäder et al. 2002, Hole 
et al. 2005).

The sustainability of using legumes to supply crop requirements for N also depends on the 
capacity of organic management practices to maximise beneficial effects of legumes while 
minimising the potential for N leaching. Intercropping with legumes can increase the effi-
ciency with which soil nutrients are used (Hauggaard-Nielsen et al. 2003). Steen Jensen and 
Hauggaard-Nielsen (2003) advocated increased use of legumes in farming systems because of 
beneficial environmental effects including improved soil structure, erosion protection, 
increased biological diversity, stimulation of rhizosphere organisms, acidification of alkaline 
soils and reduced energy use and carbon dioxide (CO2) production on and off the farm. 
However, asynchrony in plant demand for N and its release from organic matter can cause 
nitrate leaching, especially post harvest, and the acidifying effect of legumes is detrimental in 
acid soils (Fillery 2001, Steen Jensen and Hauggaard-Nielsen 2003, Ridley et al. 2004). Kirch-
mann and Bergström (2001) reviewed nitrate leaching from organic and conventional farms. 
They concluded that although the average nitrate leaching over a rotation was lower in the 
organic systems investigated, when the lower intensity of N input in organic farming was taken 
into account, there was no difference (Kirchmann and Bergström 2001). In this evaluation, 
there were insufficient data to compare nitrate leaching based on yield. Management options 
for controlling N leaching were discussed by Kristensen et al. (1995), Steen Jensen and Haug-
gaard-Nielsen (2003) and Ridley et al. (2004) and well-managed organic systems have the 
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potential to use excess N though practices such as catch crops (Thorup-Kristensen 2001) and 
by intercropping (Hauggaard-Nielson et al. 2003).

Rotations

Rotations facilitate processes that alleviate some of the fertility constraints to production that 
are addressed in conventional farming systems by use of synthetic inputs (Lampkin 1990, 
Reganold et al. 1990). Organic rotations may include greater use of green manures and cover 
crops (Reganold et al. 1987, Drinkwater et al. 1995), emphasise different regional crops (Lock-
eretz et al. 1981), and have longer pasture phases (Murata and Goh 1997, Derrick and Dumaresq 
1999, Kirchmann and Bergström 2001, Deria et al. 2003) than on conventional farms, leading 
to higher plant diversity in space and time (Stockdale et al. 2001). Rotations are also used to 
manage soil physical fertility by emphasising inputs of organic matter from pasture phases, 
green manures or cover crops.

Organic matter management

Organic matter incorporation into soil in organic farming systems is pivotal to increasing 
chemical fertility and improving soil structure and this has been extensively investigated (Ryan 
1999, Goulding et al. 2001, Watson et al. 2002a, Stockdale and Cookson 2003). Organic farming 
systems emphasise frequent additions of diverse sources of organic matter from catch crops, 
crop residues, manures, some forms of organic fertiliser and perennial crops (Reganold et al. 
1990, Drinkwater et al. 1998). Numerous paired comparisons of organic and conventional 
farms demonstrated that under organic farming practices, soil organic carbon (C) content 
increased by up to 30% (Lockeretz et al. 1981, Lytton-Hitchins et al. 1994, Drinkwater et al. 
1995, Nguyen et al. 1995, Droogers et al. 1996) and total N content also increased (Bolton et al. 
1985, Reganold et al. 1993, Drinkwater et al. 1995, Muratah and Goh 1997, Liebig and Doran 
1999). Examples of more substantial increases in soil organic C content (up to 200%) are 
probably due to the comparisons being limited to a single organic and conventional farm 
(Gerhardt et al. 1997, Jordahl and Karlen 1993) or to assessment immediately following large 
inputs of organic matter (Wells et al. 2000).

Apart from benefits to chemical and physical fertility, whether or not organic farming 
systems increase organic matter inputs relative to conventional farming systems determines 
their ability to increase soil biological activity (Ryan 1999, Stockdale and Cookson 2003). 
Increases in the abundance, activity and diversity of soil organisms under organic manage-
ment are primarily caused by increases in the amount and quality of organic matter inputs 
(Robertson and Morgan 1996, Yeates et al. 1997, Ryan 1999, Stockdale and Cookson 2003, 
Cookson et al. 2005a,b, Hole et al. 2005). In some situations, the higher soil organic matter 
contents under organic farming increased microbial biomass and activity by increasing soil 
water content (Robertson and Morgan 1996, Fraser et al. 1998).

The difficulty in increasing soil organic matter content in some environments may threaten 
the sustainability of organic farming systems. In semi-arid environments with high tempera-
tures and low precipitation, C and N inputs to soil may be low and organic matter content 
unrelated to soil texture (Hassink 1997, Ryan 1999). Also, the degradation of organic inputs 
may be very rapid in these environments if the soils are sandy, because they offer little protec-
tion to organic matter. Several Australian studies showed that compared to conventional 
farms, organic management did not increase soil organic C in dryland grain–livestock pro-
duction in southern Australia (Penfold et al. 1995, Derrick and Dumaresq 1999, Deria et al. 
2003). In contrast, soil organic C did increase in irrigated organic farming systems (Lytton-
Hitchins et al. 1994, Wells et al. 2000). The reasons organic farming may not always increase 
soil organic C contents include (Gosling and Shepherd 2005): 
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1 the larger yields and more intense animal production in conventional systems increasing 
organic matter inputs;

2 the smaller C:N ratio of organic leys causing them to decompose more quickly; and 
3 more intensive cultivation for weed control. 

Organic farming systems that fail to increase levels of soil organic matter cannot be 
expected to increase overall soil biological activity. Further research is needed to investigate 
the role of organic matter and soil biological fertility in the sustainability of organic farming 
systems in semi-arid environments with highly weathered soils, especially in relation to organic 
certification standards.

Fertilisers

The fertilisers permitted in certified organic farming systems, and in some cases the amount 
that may be applied, are restricted by organic certification standards. They are loosely divided 
into two categories: (i) naturally occurring geological resources (minerals) and (ii) organic 
materials. Minerals permitted as fertilisers in organic farming systems include lime, gypsum, 
rock phosphate, guano, elemental sulfur (S), dolomite and various ground silicate minerals. 
Organic materials include those produced on farms such as green manure, animal manure and 
compost, as well as off-farm sources such as fish, blood and bone meal, seaweed extracts and 
microbial products. Complete lists of fertilisers permitted in organic farming systems can be 
found in the various organic certification standards. Some restrictions may not be based on 
scientific evaluations. For example, the allowable level of organic matter (e.g. as compost) may 
be less than that required in poor sandy soils. In Australia, the National Association for Sus-
tainable Agriculture Australia (NASAA) limits off-farm manure and compost applications to 
15 and 20 t ha–1 y–1 respectively (NASAA 2003) and the European Union standards limit 
manure application to 170 kg N ha–1 y–1 (Watson et al. 2002b).

Estimation of the relative effectiveness of nutrient sources can be a useful way in which to 
estimate their efficacy as fertilisers (Barrow 1985). The relative effectiveness of alternative 
nutrient sources is usually calculated by comparing the yield plateau of the response curve of 
the fertiliser in question to a soluble source of the same nutrients (Barrow 1985). For minerals 
used as nutrient inputs in organic farming systems their relative effectiveness is almost always 
<1 due to low solubility in soil. Organic matter inputs can also be evaluated in terms of their 
relative effectiveness based on their recalcitrance, but of equal importance is the extent to 
which they are physically protected from degradation in soil aggregates (Strong et al. 1999), 
which would be different in different soil types.

Silicate minerals and rocks composed of silicate minerals are used in organic farming as 
fertilisers and soil ameliorants. Silicate minerals are the main components of igneous and 
many metamorphic rocks and vary in their composition and dissolution rates. Dissolution is 
favoured by minerals of small grain size (Gillman 1980, Niwas et al. 1987, Gillman et al. 2001 
2002,) and large surface area and is greater in soils with low pH, high moisture and tempera-
ture and soil solutions that are not in equilibrium with mineral surfaces (Harley and Gilkes 
2000). Silicate minerals are most suitable as fertilisers in highly weathered, tropical soils where 
acidic, nutrient deficient soils and heavy rainfall events favour dissolution and also in leaching 
soils, particularly sands (Leonardos et al. 1987, Coroneos et al. 1996, Hinsinger et al. 1996, 
Harley and Gilkes 2000). In addition to a soil’s capacity to dissolve silicate minerals due to 
inherent chemical and physical characteristics, plants and microorganisms increase silicate 
mineral dissolution (Barker et al. 1997, Hinsinger et al. 2001). They release organic ligands 
which attack mineral surfaces and form complexes and lower soil pH by releasing H+ ions and 
organic acids into the soil. Nutrient uptake by plants prevents equilibrium between minerals 
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and soil solution from being reached, which stimulates further dissolution (Barker et al. 1997, 
Hinsinger 1998, Harley and Gilkes 2000, Wang et al. 2000).

Research on plant uptake of nutrients in silicate minerals has focused on release of K and 
several researchers have concluded that silicate minerals have potential as slow release fertilis-
ers (Gillman 1980, Coroneos et al. 1996, Hinsinger et al. 1996, Hildebrand and Schack-Kirchner 
2000), but rocks and minerals high in silica (e.g. granite and feldspar) may be poor sources of 
potassium (Blum et al. 1989, Bakken et al. 1997, Bakken et al. 2000). When the dissolution of 
ground granite in 20 acid soils from Western Australia was measured, few soils showed an 
increase in exchangeable calcium (Ca) or magnesium (Mg) and nine soils showed an increase 
in exchangeable potassium (K) (Hinsinger et al. 1996). Incubation experiments and field and 
pot trials have shown that between 1 and 10% of the K in feldspar is released up to 14 months 
after application (Sans Scovino and Rowell 1988, Coroneos et al. 1996, Hinsinger et al. 1996,) 
and the relative effectiveness of granite as a potassium fertiliser was <0.14 compared to KCl 
(Bolland and Baker 2000).

Silicate minerals may also provide plants with Ca, Mg and some micronutrients. Studies 
have measured the release of Ca and Mg from silicate minerals and rocks such as amphibolite, 
basalt, diabase, dunite, gneiss, granite, phenolite, serpentine, syenite and a volcanic ash (Chit-
tendon et al. 1964, Chittendon et al. 1967, Gillman 1980, von Fragstein et al. 1988, Blum et al. 
1989, Gillman et al. 2001). Chittendon et al. (1967) showed that on an equal weight basis the 
Mg content of tobacco, white clover and ryegrass plants increased in the order dolomite < ser-
pentine < dunite. Application rates between 1 and 50 t ha–1 of basalt increased the exchangea-
ble K, Ca and Mg in seven highly weathered tropical soils in Queensland, Australia (Gillman et 
al. 2001). For five soils, 5 t ha–1 of basalt increased exchangeable cations but on one soil, 1 t ha–1 
of basalt was sufficient to increase exchangeable Mg. Silicate minerals also contain plant 
micronutrients but very little work has been done to assess their plant availability. Certain 
silicate rocks in both water and 0.1 M hydrochloric acid (HCl) released iron and manganese to 
a greater extent than copper and zinc (von Fragstein et al. 1988).

In contrast to their use as nutrients, silicate minerals have been advocated as soil amelio-
rants (Harley and Gilkes 2000, Hildebrand and Schack-Kirchner 2000) especially for lateritic 
soils in tropical climates (Leonardos et al. 1987, Leonardos et al. 2000, Gillman et al. 2001). 
Silicate minerals increase soil pH, although not as effectively as lime and to varying degrees on 
different soils (Gillman 1980, von Mersi et al. 1992, Hinsinger et al. 1996, Hildebrand and 
Schack-Kirchner 2000). Gillman et al. (2001) found that after nine months, granite applied to 
a highly weathered soil at 300 t ha–1 increased the soil cation exchange capacity from 9 to 14 
meq/100 g of soil. Ground silicate minerals may also increase water-holding capacity (Kahnt et 
al. 1986). The highly weathered soils in tropical climates have most to gain from the use of 
silicate minerals as soil ameliorants.

For organic farming systems that do not have access to adequate quantities of manure to 
balance P lost from soil in harvested products, rock phosphate (and guano) may be used. The 
use of phosphate rocks and factors affecting their relative effectiveness were reviewed by Kha-
sawneh and Doll (1978). Their relative effectiveness is affected by mineral properties (reactiv-
ity, particle size, surface area), soil factors (pH, titratable acidity, P and Ca availability and 
retention, sand content, organic matter content, moisture and temperature) and plant factors 
(P and Ca demand, root structure, rhizosphere pH) (Kanobo and Gilkes 1987, Kanobo and 
Gilkes 1988, Hughes and Gilkes 1994, Hinsinger and Gilkes 1997). Although many of the 
factors affecting rock phosphate dissolution are known, it is not easy to predict their relative 
effectiveness. Sources of rock phosphate have unique reactivity, for which citrate solubility has 
become a standard test. In an evaluation of the relative effectiveness of 14 rock phosphates, dif-
ferences in rock phosphate reactivity caused a ten-fold difference in dry matter yield between 
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the least and most reactive (Léon et al. 1986). However, the relative effectiveness also depends 
on the particular soil and plant factors and can result in a rock phosphate being as effective as 
superphosphate or nearly inert (Khasawneh and Doll 1978).

There is potential to increase the relative effectiveness of poorly soluble minerals by 
managing soil biological processes. As already mentioned, plant availability of rock phosphate 
can be improved by AM fungi (Barrow et al. 1977, Pairunan et al. 1980), and some soil micro-
organisms can solubilise P (Richardson 2001) and increase the dissolution of silicate minerals 
(Barker et al. 1997). Rogers and Bennet (2004) showed that in a P limiting environment, micro-
organisms selectively colonised the surface of minerals containing P. The ability of these proc-
esses to increase nutrient availability to plants might be maximised if specific practices and 
inputs can be found to target and increase populations of soil organisms involved. Alterna-
tively, plant species and varieties may be chosen that cause the greatest mineral dissolution 
(Wang et al. 2000). Also, because the mechanisms by which plants cause mineral dissolution 
can be stimulated by nutrient deficiencies, breeding plant varieties in suboptimal nutrient 
conditions may produce varieties with greater capacity to dissolve minerals and to form asso-
ciations with more beneficial AM fungi (Hinsinger 2001, Ryan and Graham 2002, Marschner 
and Rengel 2003).

Other procedures for increasing the effectiveness of silicate minerals and rock phosphates 
involve altering the minerals themselves. High-energy milling (ball-milling at high energy 
intensities) causes changes to mineral structure and bonding, and is acceptable under organic 
production standards. Compared to unmilled rock phosphates, high-energy milling increased 
the relative effectiveness of five rock phosphates by up to three times (Lim et al. 2003). High 
energy milling for 120 minutes increased the release of Ca and Mg from basalt and dolerite 
from 2% to about 18% (Priyono and Gilkes 2004). The rapidly dissolved K from feldspar was 
increased from 0% to 27% by 120 minutes of high-energy milling. Co-composting rock phos-
phates and silicate minerals (Garcia-Gomez et al. 2002) may also increase their relative effec-
tiveness, by increasing their exposure to microbial processes that cause their dissolution, but 
more rigorous research is needed to confirm this. Others have demonstrated that shaking 
silicate minerals in organic extracts that are readily available to farmers, such as brewer’s yeast 
and cattle urine, increased the amount of Ca, Mg and K released from silicate minerals (von 
Fragstein and Vogtmann 1983). 

Very little work has been published about micronutrients in organic farming systems. 
Condron et al. (2000) concluded that organic farming might be unsustainable on soils defi-
cient in micronutrients unless measures are taken to supply them in fertilisers. Seaweed 
extracts can provide plants with micronutrients and opportunities exist to optimise their use. 
However, little is known about the optimum time to harvest seaweeds or the nutrient content 
of different species and their nutrient content is not high enough to meet crop demands 
(Verkleij 1992, Edmeades 2002). Furthermore, they may stimulate plant growth and yield 
through action of plant hormones rather than nutrients (Verkleij 1992). Micronutrient nutri-
tion of livestock can be maintained by growing pasture species rich in trace elements (Condron 
et al. 2000), but this requires further investigation.

Organic farming has the potential to exploit soil reserves of nutrients and may, therefore, 
be considered unsustainable (Derrick and Dumaresq 1999, Kirchmann and Ryan 2004, Gosling 
and Shepherd 2005). In some cases, nutrients ‘mined’ in organic farming systems were previ-
ously added as fertiliser when the land was farmed using conventional practices. Published 
nutrient budgets comparing organic and conventional farms have focused on N, P and K. They 
indicate that it is possible to balance nutrient budgets in organic farming systems (Fortune et 
al. 2001, Watson et al. 2002b), but that budgets are often negative because nutrients are not 
adequately replaced (Gosling and Shepherd 2005, Nguyen et al. 1995).
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Outside of temperate climates, it may be more difficult to maintain levels of soil nutrients 
because manure is less readily available (Condron et al. 2000). Several Australian studies have 
reported that P availability limits production on organic livestock–crop farms and threatens 
the sustainability of organic farming systems in Australia (Dann et al. 1996, Derrick and 
Dumaresq 1999, Ryan and Ash 1999, Deria et al. 2003). Deria et al. (2003) noted that several of 
the organic grain–livestock farms in their study did not use fertilisers and that those that did 
used only small amounts of poultry manure (40 kg ha–1). In a comparison of organic and con-
ventional mixed livestock–cereal farms in New Zealand, the N budgets were balanced by the 
use of legumes (Nguyen et al. 1995), while P and S budgets were balanced on the farms that 
used compost, rock phosphate and elemental S and negative on the farms that did not. Clearly, 
this is an area that requires further research and highlights the potentially vital role of soil 
microorganisms in organic farming systems if they can be managed to more effectively cycle 
nutrients.

Considerable commercial attention is being given to development of microbial products 
that can be added to soil to stimulate release of nutrients and benefit plant growth in organic 
farming systems (Welbaum et al. 2004). Many other forms of organic (plant, animal and 
microbial) fertilisers are permitted, but most have not been scientifically investigated under 
field conditions. Further research is required to validate the capacity of these materials to 
enhance soil fertility in the long term and in combination with other management practices, 
using well-replicated scientific studies, otherwise claimed effects will remain anecdotal.

Long-term effects
Several published long-term field trials have assessed aspects of soil fertility for a range of 
organic and conventional treatments (Table 2.1). Although these studies cannot compare 
management at a whole farm level, this has been addressed in studies using paired compari-
sons (e.g. adjacent farms). Examples of changes in physical, chemical and biological aspects of 
soil fertility from some of the field trials are listed in Table 2.2. Drinkwater et al. (1995) showed 
that differences in soil fertility were time dependent and were more pronounced in fields with 
greater than four years of organic management compared to those with less than three. Gosling 
and Shepherd (2005) suggested that ten years was insufficient to observe changes in soil levels 
of nutrients.

Many of the proposed benefits of organic farming systems depend on their ability to 
increase soil organic C (Table 2.1), but not all field trials have confirmed that organic farming 
systems increase soil organic C content (e.g. the Roseworthy trial). The Californian apple trial 
had stable soil organic C content despite C inputs of 2.1 t ha–1 greater than the conventional 
treatment over three years. In this case, measurements were taken in only the second and third 
years of organic management (Werner 1997) and total organic C content can take many years 
to change.

In the SAFS trial (Table 2.2), potentially mineralisable N was higher in the organic treat-
ment than the conventional treatment only after the incorporation of a green manure crop 
(Gunapala and Scow 1998). Differences in organic matter quality between the organic treat-
ments were evident in the Rodale trial where the use of manure in the organic crop–livestock 
treatment increased mineralisable C and N compared to the organic crop rotation (Wander et 
al. 1995 ). In the Rodale trial differences in organic matter quality between the organic treat-
ments were evident where the use of manure in the organic crop–livestock treatment increased 
mineralisable C and N compared to the organic crop rotation (Wander et al. 1995).

In the Apelsvoll trial (Table 2.2), biological activity increased during the pasture phases 
(Breland and Eltun 1999). However, the Roseworthy trial showed very few differences between 
systems in soil biological fertility (measured as root colonisation by AM fungi, microbial 
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Table 2.2 Examples of differences in soil physical, biological and chemical characteristics of soil fertility in long-term field trials that include organic 
farming treatments

Trial description (see Table 2.1 
for details)

Physical fertility Biological fertility Chemical fertility

Roseworthy Farming Systems Trial, 
South Australia

There was higher infiltration and 
lower soil loss in the treatments 
with stubble retained. In the 
integrated treatment there was less 
infiltration and greater soil loss 
(after 4 years) due to lack of 
disturbance of surface crust and 
stock trampling. There was no 
difference between treatments in 
water-stable aggregation (Penfold 
et al. 1995).

There was no significant difference 
between treatments in microbial 
biomass, cotton strip tensile 
strength, or earthworms. 

Compared to initial soil levels, 
extractable P increased by 19% in 
the conventional treatment and 
declined by 9 and 12% in the 
organic and biodynamic 
treatments respectively, as a result 
of lower inputs and less soluble 
fertilisers. The P budget for 
biodynamic treatment was 
negative. There was no difference 
between treatments in 
exchangeable cations or DTPA 
extractable ions (Penfold et al. 
1995).

DOK Trial, Switzerland There was no difference between 
treatments in bulk density, splash 
erosion, volume of total or large 
pores. Aggregate stability 
(percolation method) was 10 to 
60% higher in both organic 
treatements than in either 
conventional treatment, indicating 
lower erodibility (Siegrist et al. 
1998). 

Compared to the conventional 
treatment, the organic treatment 
showed higher microbial biomass 
C and N, mycorrhizal colonisation, 
enzyme activities (Fließbach and 
Mäder 2000), earthworm biomass 
and density (Siegrist et al. 1998) 
and microbial, faunal and plant 
diversity (Mäder et al. 2002). In the 
laboratory, there was over 10% 
greater organic matter 
decomposition in the biodynamic 
soil than in the conventional soils 
(Fließbach et al. 2000). 

Available P was adequate but 
decreased in all except the 
synthetic fertiliser treatment. The 
average P budgets (kg P ha–1 y–1) 
were 3.8 for synthetic fertilisers 
only, –5.0 for synthetic fertilisers 
and manure, –5.7 for organic and –
7.8 for biodynamic (Oehl et al. 
2002).
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Trial description (see Table 2.1 
for details)

Physical fertility Biological fertility Chemical fertility

Apelsvoll Cropping System 
Experiment, Norway

Reductions in soil loss were related 
to the use of perennial grasses in 
mixed systems rather than to 
organic or conventional 
management (Eltun et al. 2002).

Microbial biomass C and N and 
earthworm abundance were higher 
in the mixed treatments and in the 
organic arable treatment than in 
the conventional and integrated 
arable treatments, as a result of the 
use of leys, manure and green 
manure (Breland and Eltun 1999, 
Eltun et al. 2002).

N, P and K budgets were 
increasingly negative in the order 
conventional, integrated, organic. 
Except for lower extractable P in 
the organic arable soil, there were 
no measurable changes in plant 
nutrients (Eltun et al. 2002). The 
two organic treatments had the 
largest net reduction in soil N but 
the lowest N leaching.

Sustainable Agriculture Farming 
Systems Project (SAFS), California, 
USA 

The organic treatment had higher 
microbial biomass C and N, 
enzyme activity and potentially 
mineralisable N (Gunapala and 
Scow 1998) and different microbial 
community composition 
phospholipid fatty acid than the 
conventional treatment (Bossio et 
al. 1998). There were minimal 
differences between treatments in 
residue decomposition (Gunapala 
et al. 1998). Cover crops and 
higher irrigation frequency in the 
organic treatment may have 
contributed to the differences 
(Gunapala and Scow 1998). 

The organic treatment had higher 
soluble P and exchangeable K and 
lower soluble Ca and Mg. Most 
differences in soil nutrients are 
explained by differences in inputs 
(Clarke et al. 1998). 
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Trial description (see Table 2.1 
for details)

Physical fertility Biological fertility Chemical fertility

Apple production, Washington 
State USA

The organic treatment had lower 
bulk density than the other 
treatments owing to 2 t ha–1 
compost additions and tillage for 
weed control. Compared to the 
conventional treatment, aggregate 
stability was higher in the 
integrated and not different in the 
organic treatments. Although the 
organic treatment received twice as 
much compost as the integrated 
treatment, the negative effects of 
tillage on aggregate stability offset 
the benefits of the compost (Glover 
et al. 2000).

There was higher microbial 
biomass C in organic and 
integrated treatments due to 
compost additions, but no 
differences in biomass N, microbial 
respiration or earthworm 
populations (Glover et al. 2000).

There was no difference between 
organic and conventional 
treatments in total N, nitrate, 
extractable P (Glover et al. 2000) 
or leaf tissue nutrient contents 
(Reganold et al. 2001).

Apple production during 
conversion, California, USA

At some sampling times, the 
organic treatment had lower bulk 
density and higher water holding 
capacity than the conventional 
treatment (Werner 1997).

At some sampling times microbial 
biomass C was higher in the 
organic treatment than the 
conventional treatment. 
Mycorrhizal colonisation of roots 
was consistently higher in the 
organic treatment than the 
conventional treatment. There 
were no differences between 
treatments in earthworm density or 
soil-surface arthropod diversity or 
abundance (Werner 1997).

There was no significant difference 
between treatments in extractable 
P (Werner 1997).
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biomass C, earthworm numbers, loss of tensile strength in buried cloth) (Penfold et al. 1995). 
Research is needed to determine the effect on the sustainability of organic farming systems in 
semi-arid areas where it is difficult to increase soil organic matter contents or biological 
activity. It is still unclear whether species diversity is, as is often proposed, critical to the integ-
rity and long-term sustainability of soil ecosystems (Welbaum et al. 2004).

Further research is needed to evaluate the claim that organic farming systems alter the 
function of the soil biological community to compensate for the absence of soluble fertilisers 
(Oberson et al. 1993, Penfold et al. 1995, AQIS 1998, Ryan 1999). In the SAFS trial, decompo-
sition rates in a laboratory comparison of organic and conventional soils were similar, but 
cover crop decomposition was more consistent over time in organically managed soil 
(Gunapala et al. 1998). Results from the DOK trial indicate that microbial cycling of P con-
tributed more to plant-available P in biodynamic systems compared to conventional systems 
that receive synthetic fertilisers (Oehl et al. 2001 2004b). However, organic P mineralisation 
contributed only 10% of the inorganic P released into the soil solution and the higher P min-
eralisation rate in the biodynamic soils only partly compensated for its lower P availability 
(Oehl et al. 2004a). Other results from the DOK trial compared the biodynamic treatment 
with the conventional treatment that also received manure. Despite both treatments receiv-
ing the same quantity of manure, the biodynamic treatment had larger functional diversity 
(Fließbach et al. 2001), microbial C, incorporation of 14C-labelled plant material into the 
microbial biomass and it mineralised 58% of the added C, compared to 50% in the conven-
tional soil and unfertilised control (Fließbach et al. 2000, Mäder et al. 2002). However, differ-
ences between the treatments may have been as a result of the quality of the manure inputs or 
herbicide application in the conventional treatment decreasing microbial measurements by 
reducing weed populations (Fließbach et al. 2000). Previous studies have not supported the 
hypothesis that organic management alters soil function (Dann et al. 1996, Ryan and Ash 
1999, Cookson et al. 2005a).

Results of field trials (Table 2.2) suggest that the effect of organic farming systems on 
physical fertility depend on the particular organic matter and tillage practices employed. The 
Washington State apple trial (Glover et al. 2000, Reganold et al. 2001) attributed lower bulk 
density in the organic treatment to the addition of compost and the use of tillage for weed 
control. However, tillage may have also reduced soil physical fertility in the organic treatment 
since aggregate stability was higher in the integrated treatment where compost was used 
without tillage. In the Roseworthy trial, the reduced physical fertility of the integrated treat-
ment was attributed to tillage and stock trampling (Penfold et al. 1997). These differences 
among trials illustrate the importance of practices being matched to climate, soil types and 
production systems. In the DOK trial, the organic and conventional soils both received manure 
applications, had the same rotation and almost identical tillage practices. The treatments 
showed no difference in bulk density or the volume of total and large pores. The higher aggre-
gate stability in organic treatment was assumed to correspond to lower soil erodibility, although 
measurements of splash erosion showed no difference (Siegrist et al. 1998). Lower rates of 
erosion were found on organic farms in paired comparisons (Lockeretz et al. 1981, Reganold et 
al. 1987) due to fewer tillage operations and the rotations used. In the Apelsvoll trial, soil 
erosion was reduced by presence of perennial grasses in the pasture phases of the forage 
systems, rather than by organic or conventional management (Eltun et al. 2002).

There were no measurable changes in plant available nutrients in the soil of the Apelsvoll 
trial, but N, P and K budgets were increasingly negative in the order of conventional > inte-
grated > organic (Eltun et al. 2002). In this case, budgets may provide an early indicator of 
potential sustainability of the farming system. The two organic treatments had the lowest N 
leaching. The organic and biodynamic treatments of the Roseworthy trial showed declining 
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levels of available P with only small inputs of P in the form of rock phosphate. The P budget for 
the biodynamic treatment was negative due to the removal of a hay crop (Penfold et al. 1995).

Soil quality indices have been used to compare the effect of organic and conventional 
farming systems on selected soil functions. In the Washington State apple trial, the lower soil 
quality rating for the conventional treatment (0.78, compared to 0.88 for the organic and 0.92 
for the integrated treatments) was attributed to lack of organic matter inputs (Reganold et al. 
2001). In the Apelsvoll trial (Eltun et al. 2002), the conventional treatments ranked higher 
than the organic treatments for the soil chemical and biological components of fertility 
assessed. Within each management system, the mixed farming systems had higher overall soil 
fertility than the arable rotations. However, for the soil function of minimising environmental 
impact, including nutrient runoff and soil erosion, the organic treatments rated higher than 
the conventional treatments (Eltun et al. 2002).

Compared to organic livestock treatments in field trials, organic arable rotations may have 
decreased mineralisable C and N as a result of the absence of manure applications (Wander et 
al. 1995), negative N budgets and greater reduction in soil N over time (Eltun et al. 2002). 
Results from the Apelsvoll trial indicated that mixed livestock–cropping systems may have 
higher inherent fertility than arable rotations (Breland and Eltun 1999) because of increased 
soil biological and physical fertility and lower N leaching (Eltun et al. 2002). However, the dif-
ferences between livestock and arable rotations were reduced in organic systems because of the 
use of green and animal manures (Breland and Eltun 1999). These studies demonstrate the 
difficulty in making broad generalisations about soil conditions in organic farming systems 
without taking into account specific practices and local knowledge of soil and environmental 
conditions.

Conclusions
Organic farming systems have evolved globally on both chemical fertile and infertile soils, but 
national and international organic certification standards have originated primarily in regions 
with younger, chemically fertile soils. Whereas organic practices can improve soil physical and 
biological fertility, consistent effects are not always found, and soil chemical fertility may be 
reduced if inputs do not match those removed in produce, leading to mining of soil nutrients. 
The inability of organic farming practices to increase organic matter (and soil biological fertil-
ity) in some highly weathered soils and semi-arid environments could lead to unsustainable 
practices based on current certification standards. Simplistic adherence to national or interna-
tional organic standards that deal with soil fertility will not automatically lead to sustainable 
organic farming systems without additional holistic management that takes into account all 
aspects of the farm environment, including climate, topography and soil type. Problems are 
most likely to occur if the soil is highly weathered and low in chemical fertility. This empha-
sises the need for local knowledge so that appropriate adjustments can be made in response to 
a decline in components of soil fertility. Adjustments might include changes in commodity 
and emphasis on long-term solutions that are preventative rather than reactive (Watson et al. 
2002a). The extent to which organic farming practices that are used to improve soil fertility 
can be incorporated into conventional management systems may be a definitive factor in the 
development of more sustainable farming systems overall.

Emerging areas of research, such as the focus on ‘soil priming’, together with nanoscale 
approaches to soil processes, have the potential to allow more rigorous scientific investigation of 
aspects of organic farming that have been claimed based only on anecdotal evidence. Converging 
research in molecular microbiology, soil microbial diversity and increasing interest in soil amel-
iorants such as microbial cocktails, compost tea and relatively insoluble minerals has potential to 
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provide evidence of complex processes of nutrient release in highly biologically active soils. Con-
tributions to soil fertility from activated biological processes are likely to be minimised in soils 
that receive flushes of highly soluble nutrients as in conventional farming systems, but this may 
also occur where high quantities of manure or poorly composted organic matter are used. Fur-
thermore, organic farming practices that merely mimic the emphasis on ‘nutrient replacement’ 
commonly used in conventional farming systems are unlikely to show the quantitative and qual-
itative changes in soil biological fertility necessary to make them sustainable.

Finally, the concept of ‘sustainable yield’ for a particular location may have greater poten-
tial to be explored in organic farming systems than in conventional systems. This is a complex 
question because in practice, production can be achieved even in the absence of soil (e.g. in 
hydroponics). Generally, chemical inputs into conventional agricultural systems are relatively 
unlimited (except by cost) and they can override potential contributions by some biological 
processes (Abbott and Murphy 2003). This is less likely in more nutrient-limited organic 
farming systems where the manipulation of nutrient cycling through management of soil 
organic matter has greater consequence. In this situation, the sustainability of the soil resource 
for defined conditions (commodity, management practice, climate and soil type) can be esti-
mated without the possibility of ‘overfertilisation’ extending production to a level that might 
cause one or more forms of land degradation. It is not usual to consider productivity as being 
‘too high’ in any farming system, but this could be the case when high levels of fertilisation or 
soil disturbance lead to nutrient loss through leaching or soil erosion. Management practices 
that establish a long-term balance among the three components of soil fertility are likely to be 
essential for calculating theoretical sustainable yield for any agricultural land use.
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Introduction
Organic crop husbandry is based on practices outlined in the various organic standards that 
have been developed and documented in many countries. The most widely recognised organic 
standards are those published by the International Federation of Organic Agriculture Move-
ments (IFOAM 2002). Organic farming methods emphasise the use of internal on-farm inputs 
rather than externally sourced inputs to achieve essential soil fertility, nutrient management 
and plant protection goals. Self-regulation within an agroecosystem, multi-year management 
cycles and a focus on prevention rather than reaction, are key principles in organic farming 
that underpin organic plant production.

The core element in organic crop husbandry is the management of a site-specific and 
market-oriented crop rotation. Alternating a wide range of crops over time and space can facili-
tate efficient use of the soil resource of a farm by cultivating crops of varying profiles in nutrient 
demand and supply, growth habit and phytosanitary characteristics. As the specialisation in 
stockless farming expands regionally and globally, the importance of crop rotations in nutrient 
management increases and there is greater reliance on off-farm sources of manures. While the 
trend towards stockless systems may raise questions about sustainability in some areas, the 
more crop husbandry is market-oriented or commercially driven, the more conflicts are likely 
to arise as good organic agricultural practices are compromised. For example, the need to 
forego sufficient soil fertility building components in a rotation, whether with livestock or 
legumes, in favour of more components as cash crops.

In addition to crop rotations, a range of other cultural strategies used in organic farming to 
achieve various farm management objectives are discussed in this chapter. Organic agriculture 
is an integral part of broader landscape management. Even small-scale farming can contribute 
to increase and enhance the proportion of non-productive area of a holding. In some cases, 
especially on leased farms, the establishment of perennial components such as hedges, tree lots 
or ponds is difficult to implement. As an alternative, f lowering field margins or corridors can 
be integrated as an annual enrichment of the agroecosystem, increasing the abundance of 
faunal elements for better self-regulation among adjacent fields. The main focus of this chapter 
is mixed and stockless annual cropping systems, rather than purely perennial farming systems 
such as tree and vine crops.

The success of organic crop husbandry also relies very much on effective weed manage-
ment, although diverging views can be found regarding the necessity of ‘clean’ crops versus the 
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approach of higher agrobiodiversity through more natural, wild flora components in a field. 
Weeds are widely reported as a major constraint in organic production and severe crop losses 
can be experienced, particularly during conversion and in phase changes in rotations (e.g. 
from pasture to arable cropping). A review of plant pest and diseases in organic farming is pre-
sented in the following chapter.

While many important generalisations can be made about soil processes, plant growth and 
so on, the performance of particular farming systems, cropping rotations and crop varieties 
will always be determined by the local conditions. Historically, most of the research into 
organic farming has been conducted in western Europe, the home of modern organic agricul-
ture. However, when the environmental and market conditions are different to those experi-
enced in western Europe, organic farmers need to be innovative and incorporate local 
knowledge (e.g. Augstburger et al. 2002, Jambhekar 2003).

Crop rotations
The central role of crop rotations in organic farming is highlighted by the important focus on 
rotations in many organics certification standards. For example, in the United Kingdom (UK), 
the standards for plant production (including pastures) require a ‘multi-annual rotation pro-
gramme’ for building soil fertility and managing weeds, pests and diseases (Advisory Com-
mittee on Organic Standards 2004). Wijnands (1999) provided a description what a crop 
rotation means and how it should be implemented on an organic farm:

Crop rotation is the term used to [indicate] that crops are grown over time in a 
very specific order. After a number of years (length of the crop rotation), the cycle 
will be repeated. The crops grown in one year on the available area of a farm make 
up the cropping plan. If the crop rotation is consistent and unchanged, the 
cropping plan is the same every year. Crop rotation has a temporal aspect [where] 
crops are grown over time in a specific order (succession of crops in time); and a 
spatial aspect [where] the crops grown this year and their division over the 
available space. The interaction between spatial and temporal aspects can be used 
to strengthen the crop rotation concept. Rotating the crops on the available space is 
done so that a given crop is never grown next to a field with the same preceding 
crop (spatial crop rotation). This helps to prevent semi-mobile pests and diseases 
from surviving from one year to the next.

The aims of crop rotations in organic farming systems were summarised by Kahnt et al. 
(1997):

•	 maintenance and improvement of soil fertility
•	 maintenance and improvement of soil organic matter
•	 maximisation of symbiotic N fixation through cultivation of forage and grain legumes
•	 production of sufficient food and straw for animal husbandry
•	 optimised use of pre-crop effect through crops with high gross margin
•	 mobilisation of nutrients through crops with high root density and root depth
•	 control and reduction of pests and diseases
•	 control of weed competition combined with gentle soil cultivation
•	 improvement of time management for crop husbandry-specific labour
•	 maintenance and improvement of the economic situation of the farm.

In mixed farms, the crop rotation is mainly focused to provide enough fodder for the dif-
ferent animal species. Therefore, the rotational plan will react to market demands only to a 
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limited extent. This can be contrasted with farms with little or no livestock, in which case 
commercially desirable crops may dominate the crop rotation (Bulson et al. 1996). From the 
production point of view, the rotational system has to meet requirements for the maintenance 
of soil fertility, nutrient supply and control of weeds, pests and diseases (Robson et al. 2002). 
Economic aspects also influence decisions about crop rotations, such as labour management 
and maintaining the continuity of farm cash flow through fluctuating market and circum-
stances (Smith et al. 2004b). In organic farming, the tension between short-term (economic) 
demands and long-term (ecological) needs creates challenges for farmers, and complex skills 
are required to balance the competing interests by managing a sequence of crops that provide 
direct cash benefits as well as indirect ecological services (e.g. Sandhu et al. 2005).

Nutrient management
The structure of organic rotations generally consists of two parts. First, legumes are used as a 
soil fertility-increasing component, from yearly to multi-year crops, mainly in the form of 
forage legumes, with much less in the form of grain legumes (Herrmann and Plakolm 1991) 
and, second, periods with non-legumes such as cereals, root crops or field vegetables, relying 
on the accumulation of humus, organic nitrogen (N) and depleting the resources.

In organic farming, the emphasis is on developing healthy, biologically active soil through 
the use of certified inputs and land management practices. Inputs used in rotations include 
plant residues, animal manures, rock dusts and biological activators (IFOAM 2002). Addition-
ally, biological activity is promoted so that soil processes such as nutrient cycling and soil 
structural development are facilitated (Schjønning et al. 2002, Shepherd et al. 2002). Crop and 
pasture plants then rely on the mineral nutrients that are made available in the soil. Stockdale 
et al. (2002) have indicated that the underlying soil processes and nutrient pools are similar in 
organic and conventional soils although the relative rates and importance of individual proc-
esses differ between farming systems. While many soil changes under organic management 
may be clearly significant, other research shows that changes are often ‘subtle rather than 
dramatic’ (Shannon et al. 2002) (see Chapter 2 for a review of soil fertility).

Careful N management is needed for most crops in order to maximise yields while mini-
mising nutrient leakage. In organic farming, this mobile nutrient is usually not difficult to 
supply, whether through legumes or animal manures, but is easily lost from the system (van 
Delden et al. 2003). Phosphorus (P) is a very immobile nutrient, especially at higher pH levels, 
and organically certified sources of P commonly have low solubility (Oehl et al. 2002). As a 
consequence, several recent studies have highlighted the lack of sustainability in existing 
organic P management in different settings (Gosling and Shepherd 2005). Using farm-scale 
nutrient budgets, Watson et al. (2002) confirmed that N was generally not a problem but that 
P and K were being depleted in some systems, particularly arable cropping (Figure 3.1). Dairy 
farms had low nutrient budgets as a result of the very low reliance on external inputs, while 
horticultural farms had noticeably high budgets, presumably as a result of large externally 
sourced inputs of manure. The longer-term decline of P soil reserves in some organic farms in 
Germany has been highlighted by Lampkin (1990), where the older organic farms have less P 
than newer organic farms (Figure 3.2), a trend not observed in paired conventional farms.

By including greater carbon (C) inputs in the soil, organic producers are able to store 
nitrogen and other nutrients for future crop use, while minimising the risk of environmental 
pollution (Poudel et al. 2001). Indeed, Shepherd et al. (2002) asserted that improved soil struc-
ture was dependant on frequent, and presumably large, inputs of fresh organic matter, a 
common practice in organic agriculture. Edmeades’ (2003) review of several conventional field 
trials comparing the long-term (20–120 years) effects of fertilisers and manures (farmyard 
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manure, slurry and green manure) on crop production and soil properties indicated that large 
amounts of manures and other organic inputs were needed to get improved soil chemical and 
physical properties, but crop yield was not affected.

Green manures
The cultivation of crops that are not devoted to selling or feeding purposes is commonly 
understood as green manuring. Older definitions focused more on the fertilising aspects that 
were achieved by incorporation of crops in an immature stage. More recent understandings 
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emphasise a variety of pre-crop effects including soil physical, chemical and biological aspects, 
as well as ecological services such as crop protection and weed control. Green manuring in a 
rotation contributes to a higher level of biodiversity in time and space.

Depending on the period and the purpose of cultivation, there is a distinction between 
green manure as main crop, intermediate crop and companion crop. Terms such as catch crop or 
cover crop are synonymous with intermediate crop. The first term clearly indicates the expecta-
tions for N-conserving activities in the crops used, mainly fast-growing crucifers and grass 
species. The second term is similar, but also emphasises the soil conservation action of covering 
the soil with vegetation. Undersowing or, more recently introduced, living mulch systems 
increase the complexity of a growing system by combining different partners at the same time 
(Paine and Harrison 1993). Often, such an approach in planting design is also named the 
intercropping system, a concept that was commonly applied in traditional farming systems 
throughout the world. It now covers a wide range of techniques such as undersowing, dual 
cropping, strip cropping and even agroforestry, hedging, shelterbelts and windbreaks. All of 
these methods involve increased plant diversification within a farm and can result in increased 
opportunities for agroecological processes to occur (Altieri and Letourneau 1982). The poten-
tial benefits of intercropping include improvements in soil fertility, resource capture, pest and 
disease control, weed management and risk management. However, intercropping requires 
good farm management skills to satisfy the full agronomic needs of more than one crop. Useful 
introductions to the intercropping concept and assessment are Francis (1986), Vandermeer 
(1989) and more recently, Theunissen (1997).

Intercropping systems using in situ mulch crops have been widely tested, particularly in the 
United States of America (USA) (Abdul-Baki and Teasdale 1993, Creamer et al. 1996, Hutchin-
son and McGiffen 2000). Using leguminous cover crops in cabbage, Brandsæter and Riley 
(2002) found soil fertility and weed control benefits but also noted that interspecific competi-
tion was a major problem. Careful matching of secondary crops with the primary crop and the 
prevailing growing conditions is needed based on relative vigour, timing of growth phases and 
complementarity of resource use. Intercropping may be especially suitable for row crops with 
poor competitiveness against weeds.

Perennial farming systems with tree, bush or vine crops also provide niches for short and 
longer term intercropping. In addition to the use of cover crops on the orchard floor of many 
crops including apples (Hartley et al. 2000) and wine grapes (Bugg et al. 1996), plantings of 
commercially and environmentally valuable species within or around the orchard have also 
been used for pollination, disease and pest control (Finckh and Wolfe 1998, Altieri 1999) in 
crops such as such as leeks (Baumann et al. 2001) and carrots (Brandsæter and Riley 2002).

Within the European Union (EU), specific programs facilitate the use of one-year set-aside 
crop mixtures. This is often managed within a biennial or longer grass clover crop, out of 
which one year is financed by subsidies and not fed to animals. Similar effects, although on a 
lower level, can be expected from a one-year forage crop by excluding the last cut as roughage 
and providing additional biomass as C and organic N supplied to the soil (Heß 1993). The one-
year green manuring is most valuable as a humus source, whereas the quickly degraded biomass 
of green manure provides more nutrients and energy sources for soil organisms and improves 
the fertility for the subsequent crop (Schonbeck et al. 1993).

Forage legumes were found to be more efficient in supplying N to subsequent wheat 
(Triticum aestivum) crops than grain legumes such as pea (Pisum spp.) or vetch (Vicia spp.) 
(Evans et al. 2003). Similar N conserving effects of different cover crops have been described 
by Fowler et al. (2004) and Haas (2004) in regard to organic farms in New Zealand and 
Germany respectively. The improvement in soil structure by the root residues of the preceding 
forage legumes was more important for the performance of a succeeding lettuce (Lactuca 
sativa) crop than the impact of the N supply alone (Wivstad et al. 2003).
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Allelopathic properties of glucosinolate-containing crucifers are highly relevant for their 
phytosanitary effects (‘biofumigation’) against the incidence of soilborne diseases (Lazzari 
and Manici 2001, Smith et al. 2004a). Buckwheat as green manure may act similarly against 
various weeds as a result of the presence of gallic acid (Iqbal et al. 2003). Infestations by root-
knot nematodes, a severe pest in vegetable cultivation, can be reduced by various green manures 
such as radish (Nucifora et al. 1998), marigold and sudangrass (Abawi and Vogel 2000). Living 
mulches can be very effective against various pests as a result of increased predator occurrence 
or increased disorientation of herbivores (Hooks et al. 1998). 

Whereas Wijnands (1999) reported very limited use of green manure crops as part of crop 
rotations in Dutch organic farms (3 of 68 interviewed farmers), German surveys in organic 
agricultural (Rahmann et al. 2004) and vegetable holdings (Fragstein et al. 2004) revealed that 
60% of arable farms and 63% of vegetable farms used cover crops or undersowing. In a survey 
of organic farmers in the USA, the most common (72%) soil fertility management practice 
reported was the use of cover crops (Walz 1999).

Designing rotations
Freyer (2003) developed a range of rotations that differ in length and structure, specifically the 
proportion of forage legumes, grain legumes and cover or undersown crops (Table 3.1). The 
grain legumes should not exceed a proportion of 33%. Forage legumes, if cultivated in mixtures 
of clover and/or alfalfa and grass species, can achieve mixtures up to 50%. Because of incom-
patibilities, soilborne diseases and other factors, higher proportions of legumes can cause 
serious yield losses in a long-term perspective of rotations (Table 3.2).

The increase of species biodiversity in organic farming is exemplified by the range of poten-
tial cover crops and undersowings used in the rotations. Under favourable conditions forage 
legumes can be integrated into the rotation as undersowing in the preceding cereals. If the per-
formance of the undersowing crop is poor, it should be replaced by a stubble crop sown after 
cereal harvest. However, the one or multi-year forage legume-part of the rotation is too impor-
tant for the overall success of the rotation (e.g. for N fixation and other tasks) to be able to 
accept a ‘poor’ performance. Cover crops may be best suited when winter crops are substituted 

Table 3.1 Types of crop rotations (Freyer 2003)
F, forage legumes; G, grain legumes; N, non-legumes; C, cover crops; U, undersowings.

No. of  
fields

Year F% G% C, U%

1 2 3 4 5 6 7

4

F N N+C N+U 25 0 50

F N G N+U 25 25 25

F F N N+U 50 0 25

5

F N N+C G N+U 20 20 40

F F N N+C N+U 40 0 40

F F N+U N+C N+U 40 0 60

6

F F N N+C N+C N+U 33 0 50

F F N N+C G N+U 33 17 33

F F F N N N+U 50 0 17

7

F N N+C N+C N G N+U 15 15 42

F F N N+C N+C N N+U 28 0 42

F F N N+C N+C N+C N+U 28 0 57

F F F N N N+C N+U 42 0 28
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by spring crops. The time-span between pre-crop harvest and subsequent crop sowing allows 
sufficient time for accurate seedbed preparation, intensive mechanical weeding if necessary, 
and substantial root development and above-ground biomass for soil protection.

In response to the needs of different farm types, the proportion of the various crop groups 
used on the rotation will vary slightly (Table 3.3). Mixed farms with ruminants produce mainly 
rough fodder that can be part of the rotation of between 30 and 50% grass–clover or grass–
alfalfa mixtures. Monogastric animals such as poultry and pigs are mainly fed by grains of 
legumes and cereals. Therefore, the proportions of legumes and cereals are shifting more to 
cereals and from forage to grain legumes. On arable farms the need for forage legumes is 
diminishing from the economical point of view. But from the perspective of sustainability, 
these farms should stay on at least a one-year set-aside system (Fragstein 1996). Cooperation 
between mixed farms (preferably organic) could expand the forage legume segment from one 
to two years, enable the import of animal manure as a substitute for the produced and exported 
forage fodder, and could keep the farm arable with great benefits for labour management 
(Nauta et al. 1999).

An alternative series of favourable rotational pairs are described by Baeumer (1992), 
although these need to be adjusted for specific site and crop conditions (Table 3.4). In more 
arid zones, spring cereals can be better suited than winter cereals. If harvest periods tend to be 
too late for the timely sowing of succeeding crops, early maturing cultivars have to be chosen 
for cultivation. Depending on soil moisture conditions, cover crops may be integrated into the 
rotational plan instead of partial fallows. Their value cannot be assessed only by narrow 
economic criteria. Indirect effects become more obvious over the longer term, including 

Table 3.2 Interval of crops due to incompatibilities or biotic factors (Müller 1988)

Crop Year Incompatibility Viruses Fungi Nematodes Insects

Winter wheat 2 ✓ ✓

Winter barley 1–2 ✓ ✓

Spring barley 0–1 ✓

Oats 3–5 ✓

Winter rye 0–1 ✓

Potatoes 3–4 ✓

Sugar beet 4 ✓ ✓

Rape 3 ✓ ✓

Field peas 4 ✓ ✓

Flax 6 ✓ ✓

Faba beans, lupins 3 ✓ ✓ ✓

Lucerne 4–5 ✓ ✓

Red clover 6 ✓ ✓

White or yellow 
clover

2–3 ✓ ✓

Grass-clover 3–4 ✓ ✓

Cabbage spec. 3–4 ✓ ✓

Celeriac 3 ✓

Leek 2–3 (✓) ✓

Carrots 3–4 (✓) ✓

Onions 4–5 ✓ ✓
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improvements in soil organisms, soil structure, soil management, trafficability, infiltration 
rate, and mineralisation rate.

In regions where rainfall is lower and/or less reliable, such as in Western Australia, simpler 
rotations with longer pasture or fallow phases are more likely. If the soil is heavier, with better 
nutrient and water retention, a suitable organic crop rotation would be pasture (vetch or medic 
Medicago spp. hay) > pasture > wheat > chickpeas > fallow > wheat. However, on lighter 
sandier soils, the rotation would consist of pasture > pasture (green manure) > wheat > oats or 
simply pasture > pasture > wheat (McCoy and Parlevliet 2001).

Additional benefits derived from cover cropping include weed and disease suppression. 
Approaches for managing weeds are discussed below; however, the main mechanism of weed 
suppression by cover crops appears to be resource competition, rather than factors such as 
allelopathy (Bond and Grundy 2001). The different occurrence of the fungal pathogen 

Table 3.3 Examples for proportions (%) of typical crop groups (Freyer 2003)

Farm structure Legumes Cereals Root crops Co�er crops

Mixed farm (milk cows) 30–50A 30–50 5–15 20–50

Mixed farm (various animals) 25–40B 40–60 10–20 20–50

Mixed farm (pigs) 20–35C 50–60 15–25 40–60

Arable farm 25–30D 40–60 20–30 40–60
A  Mainly forage legumes; B forage legumes (>50%), grain legumes; C grain legumes, forage legumes, propagation of 

cover seeds, set-aside; D grain legumes, forage legumes, propagation of cover seeds, set-aside.

Table 3.4 Favourable and unfavourable rotational pairs (Baeumer 1992)
1, very unfavourable; 2, unfavourable; 3, possible; 4, favourable; 5, very favourable.
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Grass–clover 
(perennial)

1 5 1 4 1 1 1 5 5 4 4 2 2

Winter rape 3 1 1 4 2 3 3 4 5 4 4 1 1

Sugar beet 3 1 1 4 2 2 2 5 5 1 1 4 3

Potatoes 3 5 5 2 2 2 2 5 5 5 5 4 3

Sunflower 3 1 4 4 1 4 4 4 5 5 5 4 4

Faba beans 2 1 2 5 1 1 1 5 5 4 4 3 3

Field peas 2 4 4 4 1 1 1 4 5 5 5 3 3

Maize (grain & 
silage)

3 1 5 5 5 5 5 3 4 2 2 4 4

Winter wheat 4 2 5 5 5 5 5 5 1 3 3 3 4

Winter barley 5 5 5 5 5 4 4 4 1 2 2 2 3

Winter rye 5 5 5 5 5 4 4 4 1 1 2 2 3

Spring barley 5 4 4 4 4 4 4 4 3 1 2 2 1

Oats 5 4 5 4 4 4 4 4 4 4 4 2 1

010602•Organic Agriculture 3pp.i60   60 30/4/06   4:43:46 PM



Crop agronomy in organic agriculture 61

 Pseudocercosperella herpotrichoides in a trial of two different seven year rotations (Table 3.5) 
was interpreted by Baeumer (1992) as a response to the replacement of sugar beet and oats by 
grass–clover, the interruption of the infection chain from wheat to wheat, and the decrease of 
the cereal proportion from 57% to 43%. Although these results were not obtained in organic 
farming systems, they are of direct relevance.

Cultural strategies used in organics
In addition to rotations, numerous other cultural practices are used in organic farming to 
achieve specific tasks or general whole-farm outcomes such as soil fertility, pest and disease 
management. These practices may range from the plethora of ongoing micromanagement 
decisions such as row widths and fertiliser timing, to the broader agroecological choices 
farmers make about farm layout and infrastructure.

Farm design
How can the development of rural landscape management be assessed? Stobbelaar and 
Mansvelt (2000) elaborated a detailed plan, according to which a series of European farm types 
and landscapes were evaluated. The quality of the (a)biotic environment was assessed by envi-
ronmental and ecological criteria. The social environment was assessed by examining economic 
and sociological aspects, and the cultural environment was evaluated by psychological, physi-
ognomic and cultural geography criteria. Whereas this approach needs several visits and 
working sessions at the site, another group of Dutch agronomists developed a methodology for 
the prototyping of farming systems in which the focus was distinctly more farm and produc-
tion oriented, and in which the ecological infrastructure management was an essential com-
ponent for the assessment of the environmental friendliness of each system. The parameters 
cover partly similar issues but are especially valid for agroecological assessment (Hopster and 
Visser 2001).

Farms are embedded in and are part of the landscape. Therefore, the management of 
farming systems intimately influences the quality of the environment at field, farm and 
regional levels. Detailed approaches to that topic were collected in a concerted action funded 
by EU grants (The Landscape and Nature Production Capacity of Organic/Sustainable Types 
of Agriculture, Mansvelt and Stobbelaar 1997, Stobbelaar and Mansvelt 2000). In line with 
broader concerns about the effect of agriculture on the environment, a question that has 
become steadily more relevant for organic practitioners is which farmland should be (re-)con-
verted to or maintained as natural vegetation or habitat, and which should be kept for produc-
tion? Various options exist to improve the landscape quality of a farm (Figure 3.3).

Table 3.5 Phytosanitary effect of grass–clover against the fungal pathogen Pseudocercosporella 
herpotrichoides (% infected plants) (Baeumer 1992)

Rotation A % Rotation B %

Potatoes Potatoes

Oats Oats

Wheat 77.9 Wheat 44.7

Sugar beet Grass–clover

Oats Grass–clover

Vetch Potatoes

Wheat 78.9 Wheat 6.6
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A

B

C

Figure 3.3 Options for improving the landscape quality of a farm (Mansvelt and Stobbelaar 
1997). (A) Integrate individual trees or woodland into open pastures and fields. (B) Frame fields or 
field blocks by hedges built up with tree and bush vegetation. Follow natural landscape features 
(i.e. course of brocks or range of hills) for the implementation of further natural components.  
(C) Develop a web of different habitats for flora and fauna components, with improved 
connectivity between habitats. Limit the field widths so that they can be bridged by insects and 
other biotic elements to encourage the self-regulation mechanisms of agroecosystems. Increase the 
herbaceous species biodiversity with flowering corridors in big fields, less weeding passes and field 
margin management.
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On-farm biodiversity can be optimised over time and space by a range of strategies. Greater 
plant diversity can be produced by including a wider range of crops, using a mixture of culti-
vars, intercropping and polycultures, and planting companion species such as windbreaks and 
hedgerows (Bastiaans et al. 2000, Chikoye et al. 2001, MacLean et al. 2003, Nass et al. 2003, 
TangYa et al. 2003). Beyond the limits of the main production areas, landscape diversity also 
includes consideration of topography, watercourses, naturally vegetated areas and infrastruc-
ture related to the farm and the wider community (Kuiper 1997, Vereijken et al. 1997) (see 
Chapter 12 for a review of organic farming and the environment).

A survey among the vegetable farmers in four European countries, the Netherlands, Italy, 
Switzerland and Spain, resulted in very different perspectives and expectations of the farmers 
(Table 3.6). Additional subsidies were seen as the most important advantages by Italian and 
Spanish farmers. Biodiversity was scored highest by Swiss and Dutch organic farmers, whereas 
integrated farmers from Switzerland were most interested in erosion prevention, followed by 
better image, biodiversity and subsidy. Dutch integrated farmers only mentioned better image 
as an important criterion. As the most important disadvantages of introducing natural 
elements, the loss of productive area was most often mentioned (three times), problems with 
weed infestation mentioned only once, and barriers for operation of machinery indicated. 
Dependent on topography, farm size, experiences in and motivation for organic farming, the 
farmers’ opinions reflected different personal backgrounds.

Planting densities
For several years, German organic cereal growers have been attracted by the wide-row concept 
developed by Stute (1996). To maximise the efficiency of limited N supply in an organic arable 
farm, cereals were sown in row distances between 40 and 50 cm. That system was primarily 

Table 3.6 Results of the survey among farmers – advantages and disadvantages of introducing 
natural elements (Hopster and Visser 2001)
Only farmers who thought it important arranged the advantages. All farmers who filled in the survey arranged the 
disadvantages. Rating scale used. 1 = most important, 5 = least important.

Netherlands Italy Switzerland Spain

IntA OrgB Int Org

Number of surveys 16 69 16 7 7 13

Is it important to introduce 
natural elements? (% Yes)

56 86 62 43 86 15

Ad�antages reported

Subsidy 5 5 1 2 5 1

Natural predators 6 3 2 5 2 3

Biodiversity 3 2 3 2 1 6

Preventing erosion 4 6 5 1 2 4

Better image 2 4 4 2 4 5

Disad�antages reported

Loss of income 2 3 4 __C __C 3

Weeds 1 4 2 4 2 5

Loss of productive area 5 1 3 1 2 1

Possible hosts for diseases 4 5 5 7 5 4

Barriers for operation of 
machinery

3 2 1 __C __C 2

A Int, integrated farming systems, B Org, organic farming systems; C Not asked in the Swiss survey.
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assessed for high quality wheat production (Germeyer 1999, Holle and Untiedt 1999, Becker 
and Leithold 2001, Richter and Debruck 2001) and for other crops drilled in line (Becker and 
Leithold 2003). Depending on the cultivars tested, grain yield losses can differ between negli-
gible to substantial, particularly under the competition of living mulch systems (Germeyer 
1999). Interestingly, increases in the protein content of grains were also observed, as in research 
in Northern Germany where a considerable increase in the glutene content that was higher 
than 2.0% of normally sown wheat (Holle and Untiedt 1999). Spring wheat was more respon-
sive to that drilling design compared to winter wheat cultivars. The lower level of seeds used 
provided attractive economic figures, gain in lower seed costs combined with higher payments 
for better grain quality. Due to the wider spacing, undersowing should be integrated, at least at 
suitable sites. Reduced erodability was measured by Becker and Leithold (2003). The apparent 
increase of biodiversity in such an undersowing-oriented system (more space, more light, 
better growing factors for the undersown species) has to be paid for with higher labour input 
in terms of multiple mulching passes and costs for labour and the initial investment. However, 
very aggressive regulation of weeds is possible.

Weed management itself is important in determining crop densities and planting configu-
rations. Wider rows are advantageous for weeding to allow access for tillage and hand-weeding 
implements, particularly under heavier weed loads (van Elzakker and Caldas 1999, Tillett and 
Home 2002, Rasmussen 2004). However, higher crop densities along the row achieved through 
closer transplant distances for seedling-grown crops or higher sowing rates for seed-grown 
crops are used to maximise resource capture and competition against weeds (Bulson et al. 
1997, Grevsen 2000).

Timing of operations
The deliberate scheduling of farming activities is an important cultural strategy used by 
organic growers to manage resources efficiently and improve their effectiveness. The main 
factors for which timing can be manipulated include sowing, tillage, applying inputs and har-
vesting. Farmers’ decisions about timing may be influenced by agronomic considerations such 
as crop phenology, the quantity and growth stage of weed seedlings, environmental factors 
such as climate and soil condition, and by marketing needs and opportunities.

Nitrate leaching can be an undesirable impact of organic crop production. Losses of mobile 
N of 100 kg ha–1 or more have been reported (Faßbender 1998), posing a serious economic and 
ecological problem, especially if continuous leakages within the rotation cannot be avoided. 
However, careful timing of farming operations such as fertiliser applications and green manure 
management to match availability with demand can be achieved. Conventional ‘best practice’ is 
designed to minimise nitrate leaching by improving the N use efficiency of crops, as well as pro-
tecting soil N from leaching during higher rainfall. Crop management factors affecting N 
dynamics include the selection of an appropriate crop variety, maintenance of a green cover for 
as much of the year as is practicable, and drilling crops early. Fertiliser management considera-
tions include the calculation of fertiliser requirements using a recommendation system (and 
allowing for soil mineral N and any manures applied), spreading fertilisers evenly with a 
properly calibrated spreader (possibly with split applications) and using banding where appro-
priate. Irrigation water should also be applied carefully according to scheduling requirements.

Research is now focusing on the study of whole farm systems and the interactions between 
N losses and other pollutants to the environment, with the aim of minimising total environ-
mental impact. In addition, increasingly sophisticated and reliable computer models are being 
developed to provide predictive capabilities for farm management tasks. Decision making 
about the timing of tasks within crop rotations is a process with many possible options and is, 
therefore, well suited to a modelling approach. Computer models have been developed and 
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validated for the prediction of N fluxes in agroecosystems (Oomen and Habets 1998, Jensen et 
al. 2003), balancing tools were introduced for the estimation of nutrient and humus dynamics 
in agricultural systems and the validation of sustainability of farming systems (Hülsbergen 
2003, van Delden et al. 2003, David et al. 2004), and spreadsheet calculations have been pub-
lished by Stein-Bachinger et al. (2004) to support the estimation of N fluxes on the various 
levels of an organic farm (i.e. farm-gate, field, barn).

Weed management
According to an organic herb grower in Canada (Schimpf and Lundberg-Schimpf 2005):

We’re weeding 12 hours a day, 6 days a week. It would be 7 days but we need to 
irrigate every so often.

Are the weeds that bad in organic farming? In the seven years since the comment above was 
made, and after trying a range of methods, those herb growers have developed an integrated 
approach for managing the weeds so that they are not the major problem they were (Schimpf 
and Lundberg-Schimpf 2005). However, weed management is still one of the major issues in 
organic crop husbandry. Surveys of organic growers in many countries over several years have 
regularly indicated that weeds are a prime constraint, especially during conversion (Baker and 
Smith 1987, Peacock 1990, Beveridge and Naylor 1999, Walz 1999, Zinati 2002). Anecdotal 
reports among certifiers from organic farmers and the certification bodies confirm that weed 
control can be a key impediment in adopting, converting to and succeeding in organic produc-
tion (Dumaresq et al. 1997). The conversion period can be particularly difficult because of 
lack of experience and significant changes in weed population dynamics (Ngouajio and 
McGiffen 2002).

As a result of the restrictions on synthetic herbicides, organic farming systems have to 
manage the various crops and weeds using a combination of indirect and direct methods of 
non-chemical weed regulation (Table 3.7). Indirect (cultural) methods consist of all techniques 
that are aimed at improving crop performance, to diminish the distribution of weed seeds and 
to suppress the development of weeds in the standing crop. Direct (physical) methods are 
designed to regulate weeds mechanically, manually, thermally or biologically. These tech-
niques are used in conjunction with preventive and cultural methods for effective long-term 
weed management (Bàrberi 2002).

Weed reproduction and dispersal strategies are important factors in determining both their 
spread and their control. The problematic weeds in broadacre or intensive organic cropping 
systems tended to be either heavy seeding annuals or perennials with persistent underground 
parts such as stolons and rhizomes (Beveridge and Naylor 1999, Walz 1999). Heavy seeding 
annuals such as fat hen (Chenopodium album) and grasses (Poaceae) may be effectively control-
led over time in organic cropping using a combination of seed bank depletion, avoiding condi-
tions favourable for weed germination and growth, competitive crops and preventing further 
seed production (Bàrberi 2002). The common options available in organic agriculture such as 
tillage, mulching and rotations are usually effective. However, perennial weeds with persistent 
roots and shoots including couch (Agropyron repens), nutgrass (Cyperus spp.) and the docks 
(Rumex spp.) pose a far bigger problem as the usual options for organic farmers tend to be inef-
fective or they even encourage weed dispersion and growth (Lampkin 1990).

Canadian thistle (Cirsium arvense) is one of the most serious root weeds in organic crop 
husbandry (e.g. in cereals, potatoes and sugar beet), and is reported to be the fourth most 
problematic weed for United States organic growers (Walz 1999). The outcome of a farm survey 
of 140 farmers (Böhm and Verschwele 2004) clearly showed that thistles tended to become a 
serious problem on farms with a high proportion of cereals and summer-annual crops in the 
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rotation (>60%). On farms with a high percentage of clover, alfalfa and other mowable crops 
(~20%) thistles were not reported as critical. The effective suppression of thistles was as a 
result of:

(a) light competition through a fast-growing crop;
(b) root competition; and 
(c) continuous destruction of shoots to exhaust the storage of assimilates in the roots (Radics 

et al. 2003, Pekrun and Claupein 2004, Lukashyk et al. 2005). 

Therefore in crop rotations with a low level of forage legumes and a high level of cereals, 
farmers have to improve crop competition through adequate choice of cultivars (Köpke 2000), 
optimised growing conditions and fertiliser banding.

In perennial farming systems such as orchards and grazing enterprises, longer-lived weeds 
such as blackberry (Rubus fruticosus) and serrated tussock (Nassella trichotoma) may be 
favoured owing to the lack of ongoing disturbance (Sheppard 2000). Physical removal is 
suitable if the infestations are not too great. However, other options for managing perennial 
weeds include strategic grazing and biological control (Vere and Holst 1979, Evans and Bruzzese 
2003).

Indirect methods

Some of the indirect methods used to manage weeds in organic cropping have been discussed 
above. In the sections on rotations and cultural strategies, a range of techniques for controlling 
weeds were mentioned including appropriate cropping sequences, growing two or more com-
plementary crops in the same location, careful timing of input applications and strategic 
spatial arrangements of crop plants to optimise resource use efficiency and yield. Several other 

Table 3.7 Methods of non-chemical weed management (after Köpke 2000)

Indirect methods Direct methods

Crop rotation
competition
complementarity
allelopathy

•
•
•

Mechanical
hand weeding
various ploughs. chisel tines, discs, harrows, 
spring tines
rotary hoes
brush weeders
mulching

•
•

•
•
•

Farm hygiene
cleaning of seed supplies
cleaning machinery and tools 

•
•

Thermal
flame weeders
steam weeders
infrared weeders

•
•
•

Soil culti�ation
tillage (turning/non-turning)
photobiology

•
•

Biological
grazing with livestock
classical bio-control
‘bio-herbicides’, microorganisms as weed 
pathogens

•
•
•

Impro�ement of competiti�eness
seed quality
morphology and vigour of cultivars
drilling design. density, row distance, 
sowing direction
strategic fertilisation and irrigation

•
•
•

•

010602•Organic Agriculture 3pp.i66   66 30/4/06   4:43:53 PM



Crop agronomy in organic agriculture 67

indirect methods are also used by organic growers to manage weeds in an integrated way. 
Many of these techniques may not individually contribute to large reductions in weed impacts, 
although they each have a role in an integrated weed management strategy, exemplified by the 
phrase ‘many little hammers’ (Liebman and Gallandt 1997).

Various techniques or approaches for improving the competitiveness of the main crop 
against weeds have been listed by Köpke (2000). Seed quality can strongly influence early crop 
growth and establishment, so selecting bigger seeds generally increases emergence rates and 
early vigour. Derrick and Ryan (1998) found that heavier wheat seeds had a higher P content 
and that germination, root biomass and shoot biomass were positively correlated with seed P 
levels. The morphological habit of cereal cultivars (e.g. erectophile v. planophile position of 
leaves) can be selected to improve weed suppression. The shadowing caused by the position of 
planophile leaves acts more against creeping dicotyledonous species, for example (Drews et al. 
2002).

Germination in many weed seeds is phytochrome controlled. Seeds require light to stimu-
late germination and this is usually provided when soil is tilled (Scopel et al. 1994, Milberg 
1997). Several researchers have investigated the impact of preventing light exposure during 
tillage by cultivating at night or with covered implements, and have found that reductions in 
density and biomass for a range of weeds are often obtained, although the results vary consid-
erably and are difficult to predict (Melander 1998a, Fogelberg 1999). Several factors have been 
reported to influence variability in weed seed behaviour, including non-responsiveness to light 
in certain species, interactions with chemical and physical conditions, intra-population 
dormancy differences, land use history and current tillage practices (Milberg et al. 1996, 
Milberg 1997, Botto et al. 1998, Gallagher and Cardina 1998).

When sowing crops, drilling in an east–west direction can provide better shadowing of 
interrow space and light interception by the crop. The occurrence of Apera spica-venti could be 
reduced more under erectophile cultivars drilled from east–west compared to north–south. 
The effect of planophile cultivars was similar in both drilling directions tested (Köpke 2000).

Direct methods

Mechanical weed control
Whereas chemical weed control often achieves 100% efficacy against various monocotyledo-
nous or dicotyledonous plants, tools for mechanical weeding are much less effective and 
reliable. Their effectiveness depends upon various factors such as soil type and status, type of 
target plant and growth stage, and the technical design aspects of the implement. In addition 
to limitations of poor accuracy, soil damage and promoting further weed flushes, tillage imple-
ments cannot be used on time if climatic conditions are unfavourable (Fogelberg and Dock 
Gustavsson 1999, Hatcher and Melander 2003). Nevertheless, mechanical cultivation remains 
a prominent element of most organic weed management programs and Ehlers (1997) points 
out that improved soil structure and accelerated seedling growth can occur after ploughing, 
increasing the competitiveness of crops against weeds. See Special Topic 2 for the impact of 
tillage on soils in organic farming.

According to Dierauer and Stöppler-Zimmer (1994) the chain harrow and the harrow comb 
are very suitable for cereals and suitable for all other crops and crop groups (Table 3.8). Selec-
tivity of harrows can be influenced by the day of treatment, composition of weed flora, site 
characteristics and the degree of weed control (Rasmussen 1992). The use of cultivators 
promises the best results in nearly all cultivated crops, although different harrow types fit 
better for weed regulation in cereal crops. Finger weeders are best suited for potatoes, maize 
and beet. High investment costs (brush hoes) and high energy costs (flame weeder) are only 
justifiable in crops with high gross margins, such as market gardens or other high-value crops 
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like medicinal herbs (Melander 1998a). Using empirical data and modelling, Nemming (1994) 
indicated that farm size also had an impact on the cost effectiveness of f lame weeding.

Night-time cultivation, or sowing under dark conditions, was an effective method for 
reducing weed levels (Hartmann and Nezadal 1990, Gerhards et al. 1998, Juroszek 1999), 
although other authors (Jensen 1992, Niemann 1996) could not confirm these findings. None-
theless, the photobiological control of light germinating weeds should be the subject of further 
research and later, implementation in practice.

A range of less commonly used methods that rely on some form of heat to control weeds 
and their seeds have been tested and implemented. These methods have the advantage of 
achieving thorough control of at least one cohort of weeds without reliance on mechanical cul-
tivation, and the techniques are commonly used in the preparatory phase, prior to sowing or 
planting. Soil solarisation is a viable alternative in higher-value intensive horticulture (Staple-
ton et al. 2005), although this method is selective in the weeds controlled, requires extended 
periods of warm weather and usually requires single-use, non-recyclable plastic sheeting 
(Henderson and Bishop 2000).

Hand weeding

Hand weeding is commonly used by organic growers (Beveridge and Naylor 1999, Walz 1999, 
Kristiansen et al. 2001), particularly in developing countries where labour may be cheaper and 
more readily available and where access to machinery less common (Johnson 1995, Chatizwa 
1997). This weeding method is carried out as either a central method of weed management or 
as a supplement to other methods, and has the advantage of providing good selective control 
unavailable with other methods such as tillage (Pratley 2000). The key limitation for hand 
weeding in many situations is that the time and labour requirements are too large or too costly 
(Johnson 1995, Anuebunwa 2000, Melander and Rasmussen 2001). However, where the cost of 
inputs and the value of outputs are suitably matched, for example a high value vegetable crop, 
hand weeding can be cost effective. Alemán (2001) found that hand weeding of beans (Phaseo-
lus vulgaris) in Nicaragua was more profitable compared to herbicides.

Although hand weeding is very common, research aimed at improving its efficiency is con-
siderably less common. Development agencies have stressed the need to improve the efficacy of 
tools used by women, who are ‘often responsible for a large portion of food production’, in 
farm work in developing countries (Women in Development Service, FAO, 2001). Wheel-
mounted hoes have been designed that enable larger areas to be weeded with less physical 
strain, and greater selectivity between crop and weed than a conventional hand hoe (Wilkie 

Table 3.8 Suitability of various tillage implements for non-chemical weed regulation (Dierauer 
and Stöppler-Zimmer 1994)
0, not suitable; 1, possible; 2, suitable; 3, very suitable.

Crop Chain 
harrow

Harrow 
comb

Culti- 
�ator

Finger 
weeder

Brush 
hoe

Rotary 
hoe

Flame 
weeder

Cereals 3 3 2 0 1 0 0

Potatoes 2 2 3 3 0 2 0

Maize 2 2 3 3 2 2 2

Rape 2 2 3 1 1 1 0

Beet 2 2 3 3 2 2 2

Beans 2 2 3 1 1 1 0

Field vegetables 2 2 3 1 3 2 3

Pasture 2 2 0 0 0 0 0

010602•Organic Agriculture 3pp.i68   68 30/4/06   4:43:54 PM



Crop agronomy in organic agriculture 69

and Plane 2000). Other recent developments in hand weeding technology include self-pro-
pelled and tractor-drawn platforms on which people lie while moving along crop rows and 
weed by hand (Leinonen and Närkki 2000, Bishop et al. 2002).

Mulches

Mulches can be used economically in many organic horticultural crops including annual herbs 
and vegetables as well as perennial vine and tree crops. In addition to suppressing weeds, organic 
mulches have other benefits such as conserving soil and moisture, reducing soil temperature 
fluctuations, adding organic matter and nutrients to the soil and preventing soil from splashing 
onto crop leaves (Patriquin 1988, Teasdale and Mohler 1993, Whitten 1999). Materials used as 
organic mulches include compost and manures, crop residues (ash, grass, hay, in situ residues, 
starch, straw), tree products (bark, sawdust and woodchips), fibre products (fabric, jute, coconut 
fibre, wool), and paper products (pellets, sheets, rolls, chopped, shredded).

Synthetic mulches are allowed for limited use in organic production (IFOAM 2002) and offer 
many of the benefits of organic mulches but are considered less sustainable owing to the non-
renewable source materials, energy required in manufacture, single usage limitation and long-
term disposal requirements (Olsen and Grounder 2001). Woven plastic material, such as weed 
matting, is permitted for restricted, short-term use only. Shade cloth (Sutton 1998) and weed 
matting (Monks et al. 1997) have been used in conventional vegetable production, and weed 
matting has been tested in organic peach (Prunus persica) orchards (Zimmerman 2002), but few 
examples were identified in the literature about the use of these synthetic mulches for organic 
herb and vegetable growing (Birkeland and Døving 2000, Radics and Székelyné Bognár 2002).

Several problems have been reported with the use of mulches for weed control including 
acquiring enough material, transporting and handling and laying large amounts of often 
bulky material, cost of materials, introducing weed seeds, applying an inadequate depth and 
interfering with crop growth harvesting (Henderson and Bishop 2000). The negative effects of 
mulches on crop yield are related to several mechanisms including nutrient immobilisation 
(especially N), phytotoxin release, poor weed control, increased pests levels and modified soil 
aeration, moisture and temperature (Teasdale 1998, Leary and Defrank 2000).

With regard to mulch handling and application, the lack of efficient equipment for laying 
organic mulches is a serious constraint to wider usage (Olsen and Gounder 2001, Schäfer et al. 
2001). Strategies for reducing the costs of laying mulch include the use of novel materials such 
as f lowable, pelletised mulches (Smith et al. 1997), spray-on mulch (Russo 1992) or paper rolls 
that could be applied in a similar way to polythene mulch (Runham et al. 2000). In situ mulches 
such as cover crops grown on site and terminated (mechanically or through senescence) prior 
to planting a vegetable crop, offer the benefit of reducing mulch handling costs, although 
skilled management is required to grow effective weed-suppressing mulches while optimising 
growth of the subsequent cash crop (Abdul-Baki and Teasdale 1997, Creamer and Dabney 
2002, Ngouajio et al. 2003). Ngouajio and Mennan (2005) report that fresh rye (Secale cereale) 
residue can interfere with planting seedlings and that, despite good weed suppression by hairy 
vetch (Vicia villosa), subsequent cucumber yields were unacceptably low.

Grazing

Organic agriculture has traditionally relied on the integration of livestock and cropping phases 
for various functions including weed control, crop protection and fertility management (Köpke 
and Geier 1999). More recently, the international organic movement is now heavily dominated, 
in terms of the land area certified, by extensive grazing systems, principally in Australia and 
Argentina (Willer and Yussefi 2005). Globally, a diverse range of animals are used to control 
weeds on organic farms including poultry, goats, cattle and pigs. The animals may be used for 
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different tasks such as ground preparation and removing rhizomatous weeds by pigs or post-
harvest weed seed removal by sheep (Clark et al. 1995, Andresen 1998). However, the use of 
grazing and livestock phases has not always been adopted by farmers converting to organic pro-
duction methods and, in many cases, farmers opt for stockless systems to reduce the complexity 
of farm management and to focus on other plant-based commodities (Huxham et al. 2001).

Thermal weed control

Flame and steam weeders are implements suited to annual and perennial horticultural systems 
(Melander and Rasmussen 2001, Penfold 2001) as well as arable cropping systems (Rasmussen 
2003). These tools have been gaining in popularity among organic growers and gas supply 
companies as new designs are being built and tested (Daar 2002), and as basic knowledge about 
dose-response patterns (Storeheier 1994, Ascard 1995, Bàrberi et al. 2002) and the wider eco-
logical impacts is acquired (Rahkonen et al. 1999).

Flame and steam weeders are often used with good success in the pre-emergence and early 
postemergence stages of a crop. However, the technique is limited by short suitable application 
time periods and poor control in certain weed species, especially monocotyledonous plants 
with shielded meristems (Ascard 1995). Steam weeders usually provide better heat transfer 
efficiency than flame weeders, although further research is needed to improve the fuel use and 
heat transfer of thermal weeding units generally (Merfield 2002).

Biological methods

The use of weed-specific biological agents is a valid technique for managing weeds in organic 
and other farming systems. However, despite the compatibility of biological control and organic 
agriculture, these methods are not common practice within the organic farming movement 
(Köpke 2000, Kristiansen 2003). Classical biocontrol may be less suited to annual cropping 
systems in which the control agent’s habitat may be disturbed or completely removed from time 
to time, or if farming operations (e.g. tillage) interfere with the lifecycle of the control agent 
(Hartley and Forno 1992). For weeds in organic cropping that commonly have perennial rhi-
zomatous organs with a strong regeneration capacity, biocontrol programs have been persistent 
failures (Hartley and Forno 1992). In a review of the current development of biological weed 
control methods in association with physical and cultural methods, Hatcher and Melander 
(2003) recommend using combined control methods and stress the importance of strategic 
timing to maximise damage to the weed and minimise damage to the biocontrol agent.

More research is needed to ensure the use of pathogen, dosage, environmental conditions 
and potential success of applications. However, these new organisms have to be registered and 
permitted as microbial products for certified organic weed management. Another group of 
products are the mycoherbicides or bioherbicides requested by some organic farmers, but criti-
cised and disputed by organic organisations and some ‘organic purists’ (Verschwele 2005). If 
these new products become listed as crop husbandry inputs in the organic standards, precise 
restrictions will need to be included with allowance for their optional application (e.g. before 
use, all indirect and partially direct weeding methods must have been tested).

Weeds as indicators

There are publications within the organic movement that relate the occurrence of specific 
weeds to specific soil conditions and that refer to the possibility of weeds being ‘indicators’ of 
soil status (e.g. Pfeiffer 1970, Walters 1996). The presence of a given weed therefore suggests 
that the land has too much or too little of a certain soil feature (e.g. drainage, pH, copper 
levels) that may be modified by the farm manager. Although many of the recommendations 
are based on careful observation and commonsense, some of the relationships have not been 
conclusively established.
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Tilman et al. (1999) investigated the relationship between dandelion (Taraxacum offici-
nale) abundance and soil K. Three key pieces of evidence exist: 

(a) clear correlation of K and dandelion abundance in the 140-year-old Park Grass Experi-
ment at Rothamsted, UK; 

(b) greenhouse trials showing that dandelion had higher K requirements than several common 
grasses; and 

(c) dandelion abundance was positively correlated with tissue K concentrations. 

This research suggests that adjustments in resource supply rates influence interspecific 
competition where plant species differ in their resource requirements. Such knowledge 
provides potential for encouraging beneficial species to competitively control weedy species 
(Tilman et al. 1999).

More generally, Walter et al. (2002) tested the spatial cross-correlation between weed 
species and several soil properties. Certain weeds were correlated with specific soil chemical 
properties (e.g. P, pH); however, other species did not show consistent correlation with soil 
types between fields and sampling times, and some were correlated with more than one soil 
property. The most consistent relationship was between weed density and clay content. This 
result suggests that weeds have different resource requirements and that modifying soil condi-
tions to manage certain weeds may promote others.

Conclusions
Organic crop husbandry relies principally on rotational management, and increasing the 
diversity of species in space and time to maximise biological and ecological services. There is a 
need for sufficient soil fertility building components in the rotation, such as grass–clover–lays, 
for sufficient N accumulation by legumes and for adequate nutrient transfer from preceding to 
succeeding crop. In addition to soil fertility maintenance and nutrient management improve-
ment, well-designed crop rotations contribute to the prevention of disease, pest and weed 
problems. These aims must be fulfilled under many varying site conditions, requiring aware-
ness of the particular agroecosystem, as well as skilled management. Increasingly, the organic 
standards require that farming practices allow for a greater proportion of natural components 
to be maintained in the farm design. This diversity can be highly effective in creating a self-
regulatory system, with less reliance on external inputs.

Although organic farming commonly exhibits higher tolerance towards the occurrence of 
wild f lora in growing crops, weed regulation is one of the key constraints in organic crop pro-
duction. Depending on farm size and the level of mechanisation, the tools can vary from 
hand labour, hand-hoeing tools to a group of mechanical and thermal machines. Intrarow 
weeding has traditionally required high labour input due to a lack of adequate implements, 
although developments in engineering have improved the suite of tools available to the 
organic grower.

Several areas requiring further research in organic crop production include improving 
nutrient supply–demand matching, overcoming specific nutrient limitations (e.g. P), investi-
gating the role of landscape elements such as hedges and windbreaks, and developing new tools 
and identifying successful strategies for weed management.
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Introduction
While demand for organic produce is high, growers throughout the world face a potentially 
serious dilemma. Although most organic producers are concerned with soil quality including 
the physical, chemical and biological properties of soils, they generally use multiple inversion 
tillage operations (ploughing, disking, cultivation) for seedbed preparation, incorporation of 
cover crops and weed management. These practices can degrade soil quality. Labour and input 
costs in organic systems are often high because organic growers cannot use low-cost chemicals 
to control weeds and supply nutrients (Berry et al. 2002, Walz 2004). In addition, because of 
reliance on inversion tillage, organic farms can suffer greater soil losses than chemical-based 
no-till systems (Bruulsema et al. 2003).

Organic high-residue reduced-till systems
High-residue reduced-till systems (HRRT) offer great potential to resolve the soil quality/high 
tillage cost dilemma associated with organic farming (Bàrberi 2002). Ideally, HRRT is an 
integral part of an holistic approach to organic farm management that generates both short-
term productivity and profitability and long-term production capacity (sustainability). An 
ideal organic HRRT system can simultaneously provide:

1 synchrony of nutrient supply with crop demand; and
2 multiple non-nutrient effects, including weed suppression, soil aggregation, resistance to 

erosion, biological pest management, and water infiltration and availability (Berry et al. 
2002, Magdoff and Weil 2004).

Based on grower experiences and research data, the core components of HRRT for organic 
growers are:

1 regular use of grass and legume cover crop mixtures;
2 permanent soil coverage with either dead or preferably living plant residues – derived from 

diverse rotations of cash crops and high-residue cover crops; and
3 strategic limited number of soil disturbance events (tillage with a purpose), employed to 

manage weeds, regulate rate of decomposition of organic substrates and optimise soil tilth 
and plant establishment.
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The purpose of tillage always needs to be to achieve an economic balance between the 
short-term need for seasonal crop productivity and the long-term need for sustaining produc-
tion capacity, specifically, maintenance or enhancement of active soil organic matter (SOM) 
and its attendant (emergent) soil quality attributes (Schjønning et al. 2004).

Co�er crops – their uses in organic agriculture
Production and appropriate management of high-residue cover crops are considered essential 
for profitable organic cropping systems. Cover crops, whether grass, legume or mixtures, are 
non-cash crops used to perform or achieve different objectives. When sown soon after cash 
crops, cover crops minimise soil erosion and absorb (capture) residual nutrients and water. 
Thus, cover crops perform as catch or scavenger plants to protect the environment from pollu-
tion and improve soil quality by providing important food reserves and habitat for beneficial 
organisms (Magdoff and Weil 2004).

Many cover crops are commonly referred to as smother crops, since they are established in 
high-density plantings, grow rapidly and inhibit (smother) weed growth. Generally, cover 
crops are grown and killed before planting cash crops. In this usage mode, they can be incor-
porated as green manure or killed and used as a dead mulch in no-till systems (Barker and 
Bhowmik 2001).

Cover crops that are interseeded and coexist with cash crops during all or a portion of the 
growing season are called living mulches. For organic growers, an ideal living mulch does not 
interfere with growth and yield of the cash crop, is low-growing, easily established and main-
tained by non-chemical means, and serves as a good habitat for beneficial insects. Living 
mulches are particularly effective with fast-growing cash crops that are supplied supplemental 
water and nutrients through in-row drip irrigation systems (Brandsaeter et al. 1998).

Specialised flowering and high nectar cover crop mixtures are grown as companion or 
farmscape plantings in field margins or are arranged in rows or patches at regular intervals 
throughout the field. Ideally, farmscape plantings contain perennial and/or reseeding annual 
species that smother weeds, protect the environment, build soil quality and serve as habitat 
and refuge for beneficial insects (Dufour 2000).

Organic no tillage – oxymoron or opportunity?
Effective integration of high-residue cover-cropping practices and no-till systems have many 
well acknowledged advantages:

1 conservation of soil and water;
2 moderation of soil temperatures;
3 suppression of weed and pest growth;
4 improved efficiency of nutrient use, especially nitrogen; and
5 preservation and build-up of active SOM, which is the principle soil constituent responsible 

for generating soil quality (Magdoff and Weil 2004).

In concept, integration of organic cropping systems with no-till practices is a logical step or 
progression toward improved crop yields and soil quality (Bàrberi 2002, Schjønning et al. 
2004).

At one extreme, some growers and researchers believe organic no tillage is an oxymoron, 
maintaining that chemical herbicides are essential to kill cover crops and control weed growth 
(Lessiter 2003). However, others have shown that agronomic crops (Derpsch and Grooms 
2002) and vegetable crops (Creamer et al. 1996, Morse 2000, Ngouajio et al. 2003, Madden et 
al. 2004) can be successfully grown using high-residue cover crops that were effectively killed 
by mechanical methods such as f lail mowing or rolling. Those involved with organic no-till 
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systems realise that, although feasible in a limited short-term scenario, permanent organic no-
till systems present unique challenges because fewer weed management options are available 
in organic no tillage, compared to chemical no tillage. Thus, using permanent no-till systems 
for production of organic crops is considered a long-term, but obtainable goal (Schjønning et 
al. 2004, Trewavas 2004).

Organic no-till systems present many challenges, including production and management of 
high-residue cover crops, establishment of cash crops and weed management. Each challenge is 
discussed below with desired objectives, recommendations for success, and limitations.

Production of high-residue co�er crops
Objective
To produce uniformly distributed high-residue (≥6 t ha–1 biomass), grass–legume cover crop 
mixtures on permanent controlled-traffic raised beds, keeping the soil continuously covered 
using diverse rotations of cash and cover crops.

Recommendations

Proper erection of wide raised beds (1.5–2.0 m wide and 0.15–0.25 m high) will help alleviate 
existing compaction, especially if organic-approved soil amendments (compost, manure, lime, 
gypsum) are thoroughly mixed deep into the soil profile during bed establishment. If wheel 
traffic is restricted to alleyways between beds, the integrity of bed tops can be maintained and 
the soil quality improved over time by growing high-residue cover crops, applying soil amend-
ments and rebuilding bed margins as needed. Weed seedbanks can be reduced and soil quality 
improved over 3–6 years, if judicious weed seed sanitation and tillage practices are consistently 
followed (Bond and Grundy 2001, Teasdale et al. 2004).

Limitations

Keeping the soil permanently covered with dead and/or living residues requires timely and 
effective plant establishment and application of growth inputs (water and nutrients). Uniform 
dense cover crop stands are achieved most effectively using modern no-till seed drills (Morse 
1999). Inexperience with seed drills and their high cost are often serious constraints for organic 
farmers, especially small-scale (1–2 ha) growers. Although labour intensive, drilling small 
plots with push seeders is a highly effective method of establishing cover crops (R. Morse and 
M.W. Schonbeck unpublished data, 2005).

Residue management
Objective
To mechanically kill cover crops, generating either:

1 a thick uniform dead mulch over the entire bed (bed tops, alleyways); or
2 a strip-killed mulch on bed tops and a non-competing living mulch in alleyways between 

beds.

Recommendations

Complete killing of cover crops (either the entire bed or just bed tops) is generally essential to 
avoid competition with cash crops. Implements used to kill cover crops include flail mowers, 
undercutters, rollers or roller-crimpers (Creamer and Dabney 2002).

Limitations

Incomplete kill and subsequent regrowth of cover crops can be major problems for organic 
growers. Unavailability and inexperience with mechanical-kill equipment are major constraints 
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for many organic growers. Even when using appropriate equipment, cover crop regrowth can 
be a serious weed problem, necessitating that remedial weed-management measures be per-
formed to minimise weed–crop competition. Mowing off cover crop regrowth with a flail 
mower, weed whip or scythe, or applying caustic organic materials such as acetic acid have 
been effective in some instances in keeping regrowth to an acceptable level (R. Morse unpub-
lished data, 2001–2005).

Establishment of cash crops
Objective
To effectively establish seeds or transplants in high-residue mulch, with minimum disturbance 
of surface residue or surface soil.

Recommendations

Normally, a short fallow or waiting period of 2–3 weeks is recommended after killing cover 
crops to verify the effectiveness of the kill methods used and allow time for allelochemicals 
(natural toxins that interfere with biological processes such as seed germination and plant 
growth) to dissipate from killed residues before planting cash crops. After the appropriate 
waiting or interim pre-plant period, precision place seeds or transplants using proven no-till 
equipment. Commercially available one-pass no-till seeders and transplanters would be the 
choice for large-scale organic farms or farmer cooperatives. These one-pass no-till implements 
slice the organic mulch, loosen a narrow in-row strip, precision-place fertiliser, and plant with 
minimum residue or soil disturbance (Morse 1999).

Limitations

For small-scale farms, both residue management and plant establishment present challenges 
because existing available no-till equipment is expensive and small-size (1- or 2-row model) 
versions are normally unavailable. Although challenging, small-scale farmers can adopt no-
till practices by using multiple field passes with simplified equipment to slice organic surface 
mulch, loosen in-row soil, precision-place organic fertilisers, and plant. Development of 
affordable small-scale no-till equipment is underway to facilitate adoption of high-residue no-
till systems by small growers (R. Morse unpublished data, 2005).

Weed suppression
Objective
To reduce weed seedbank using year-round integrated weed management practices; and 
minimise early season weed growth (i.e. weed growth during the minimum weed-free period 
(MWFP), normally 4–6 weeks after planting).

Recommendation

Use integrated weed management strategies, emphasising permanent soil coverage, diverse 
rotations of cover crops and cash crops, and reduced soil disturbance (i.e. employing no-till or, 
at most, non-inversion tillage practices). Preventing weed seed production is an important 
cultural practice for organic growers, and is considered essential for organic producers who are 
exploring no-till systems. Roguing out escaped weeds by hand, using high-residue cultivators 
or elevated mowers can prevent weed seed production. Roguing to achieve a no seed threshold 
(NST) is highly recommended for many invasive weed species (Norris 1999). Also, using 
cultural practices that promote rapid plant growth and canopy closure of cash crops will result 
in improved weed suppression (Morse 1999). Recommended cultural practices include:
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1 using vigorous seeds and transplants;

2 planting in high-density multiple rows; and

3 precision placement and timing of fertiliser and water.

Excessively weedy fields (especially those containing perennial weeds) should be cleaned up 
before attempting organic no-till systems. Growing successive smother crops and/or employ-
ing stale seedbed techniques for 1–2 years before attempting organic no tillage will often pay 
great dividends with future cash crops (Bond and Grundy 2001).

Limitations

Maintaining weeds below yield-limiting levels without using chemical herbicides or cultiva-
tion is extremely difficult. Under ideal conditions, weed suppression and an acceptable balance 
between crop yields and production capacity (sustainability) can be maintained or even 
enhanced in organic no-till systems. However, in less than ideal conditions, levels of weed 
seeds and/or perennating parts (tubers, bulbs, rhizomes, stolons) may be sufficiently high and 
cover crop biomass may be sufficiently low that the potential for early season weed growth 
warrants use of remedial non-inversion tillage weed implements and techniques to prevent 
crop yield loss (Teasdale et al. 2004).

Non-in�ersion tillage tradeoffs
Inversion tillage (ploughing) normally requires multiple field operations, resulting in exces-
sive soil aeration, decomposition of fresh organic residues and SOM and degradation of soil 
structure. Rotational tillage is a trade-off or compromise between the two extremes, perma-
nent no tillage and inversion tillage. Rotational tillage is defined here to mean the strategic 
sequencing of no-till and non-inversion tillage practices to achieve a balance between short-
term productivity and long-term production capacity (sustainability) (Jackson et al. 2004). 
This rotational-till concept is a type of reduced tillage that calls for avoidance of inversion 
tillage in favour of a critical balance between no-till and non-inversion tillage practices. No-
till and non-inversion tillage practices are preferred since they generate only moderate inter-
vention in soil structure. Different types of non-inversion equipment can be used, ranging 
from shallow tillage with rototillers, rotary hoes, powered harrows or high-residue cultivators, 
to deep subsurface soil loosening with chisel ploughs or subsoiling and spading machines. 
Shallow (5–8 cm deep) rototilling is included in non-inversion tillage because the integrity of 
the subsoil layers is maintained (El Titi 2003).

When used in organic cropping systems, the objectives of non-inversion tillage are to 
accomplish necessary weed management, enhance short-term nutrient availability, incorpo-
rate crop residues and soil amendments, and alleviate soil compaction, with minimum soil 
disturbance and degradation of SOM. Ideally, non-inversion tillage is accomplished in one or 
two field operations. Shallow non-inversion tillage can kill cover crops and weeds and incor-
porate their residues 5–8 cm deep without excessive disturbance or aeration of the lower soil 
layers. Non-inversion in-row subsoiling (chisel ploughing) can alleviate compaction and facil-
itate deep placement of in situ crop residues and soil amendments (vertical zone mulching and 
soil building), thus deepening root exploration and increasing water and nutrient availability 
(Reetz 2000). Using permanent controlled-traffic raised beds is another aspect of rotational 
tillage that can create low bulk density/high tilth soil in designated plant-growing areas (grow 
zones) on bed tops (Magdoff and van Es 2000).
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When attempting to adopt organic no-till systems, a major challenge is to predict accu-
rately the weed suppression potential of any given situation. Six criteria for assessing the prob-
ability of achieving weed suppression in organic no-till systems are presented in Table 1. Weed 
suppression is likely when most or all the six factors are in the medium to high probability cat-
egories (Table 1). When weed predictions reveal a low potential for weed suppression or when 
actual field weed excesses occur, growers may decide that remedial weed management tactics 
are necessary. Three common scenarios are presented in Table 2, in which predicted (using 
Table 1) or actual weed densities warrant remedial intervention to preserve crop yield (Barker 
and Bhowmik 2001).

Table 1 Criteria for assessing the probability of weed suppression in organic no-till systems
C:N ratio, carbon to nitrogen ratio (weight to weight basis); minimum weed-free period (MWFP), defined as the 
length of time a crop needs to remain free of weeds after planting to prevent yield loss – normally, the MWFP coincides 
with the time of canopy closure; fertigation, when water and soluble organic fertiliser are applied in the irrigation 
system.

Site factor criterion Probability of achie�ing weed suppression

Low Moderate High

Mulch quantityA – dry wt (g m–2) <400 400–800 >800

– soil coverage (%) <75 75–95 >95

– depth (cm) <5 5–10 >10

Mulch quality – C:N ratio <15 15–25 >25

Perennial weeds (% total weeds) >20 2–20 <2

MWFP (canopy closure, weeks) >6 4–6 <4

Monthly in-season rainfall (mm) >100 40–100 <40

Fertigation method Overhead Furrow Drip
A J.R. Teasdale, pers. comm., 2004.

Table 2 Remedial weed management methods recommended when predicted (using Table 1) 
and/or when actual weed incidence is high in organic no-till fields

Growth stage of cash crop 
when weeding is 
considered necessary

Optional weed management methods

Pre-plant (1–4 weeks before 
planting cash crop)

Objecti�e: re�ert to green manure, non-in�ersion-till systems
flail mow, if needed, and shallow incorporate cover crops and 
weeds
after incorporating residues, use stale-seedbed techniques – 
shallow till or flame weed seedlings
apply plastic mulch
after planting, cultivate or flame weed seedlings and apply 
organic mulch

•

•

•
•

Early crop establishment  
(2–3 weeks after planting) 
before weed–crop 
competition occurs

Objecti�e: pre�ent weed-crop competition
shallow cultivate between rows
apply acetic acid, using a shielded sprayer
hand weed in-row areas
after weeding, apply organic mulch

•
•
•
•

Rapid crop growth (3–6 
weeks after planting); 
weed–crop competition 
present

Objecti�e: minimise crop yield loss and pre�ent production of 
weed seeds

shallow cultivate between rows, if possible
apply acetic acid, using a shielded sprayer
rogue out large weeds by hand or use high-residue cultivators 
or elevated mowers

•
•
•
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Conclusions and recommendations
Production and appropriate management of high-residue, grass–legume mixtures are highly 
recommended cultural practices for improving productivity and soil quality in all cropping 
systems: organic, chemical or integrated. Use of cover crops as green manures is a common 
and highly valued practice of many organic growers. Because cover crops are now being used 
extensively in chemical no-till systems, many proponents and some practitioners of organic 
agriculture believe that organic no tillage is the ideal system to achieve a desirable balance 
between short-term productivity (yield) and production capacity (sustainability).

The question is not whether integration of organic cropping systems with no-till practices 
is a sound concept, it is how to produce organic no-till cash crops without herbicides. Most 
growers and agricultural professionals recognise the potential immediate and emergent (syn-
ergistic long-term) benefits of organic no-till integration; unfortunately, experience has often 
been disappointing. Generally, however, good weed suppression and high yields are achieved 
in warm long-season climates where organic cash crops are effectively established in high-
residue dead cover crop mulch.

Using site-specific tillage rotations (strategic sequencing of no tillage and non-inversion 
tillage) can help growers bridge the gap between the ideal scenario (organic no tillage, i.e. weed 
suppression without chemicals or tillage) and weed management problems that frequently 
occur in organic no-till fields. Two distinct situations are possible when organic no-till growers 
may revert to using non-inversion tillage implements. First, just before or after planting cash 
crops, a grower may determine that a remedial weed management tactic needs to be used to 
prevent production of weed seeds and preserve the cash crop (Tables 1 and 2). Second, after 
harvesting cash crops and before drilling overwintering cover crops, growers may choose to 
employ a single or a combination of non-inversion tillage equipment to:

1 kill residual vegetation (cash crops and weeds);
2 incorporate plant residues and applied soil amendments;
3 alleviate subsoil compaction; and
4 prepare an improved seedbed for drilling cover crops.

In the following spring or summer, overwintering cover crops could then be used as a high-
residue mulch for production of organic no-till or reduced-till cash crops.

In summary, organic no-till systems are recommended only where high-residue cover crops 
can be grown and managed properly, and when productivity of cash crops is favourably affected 
by root and shoot biomass (surface residue mulch) of the cover crops. Research and grower 
experience have shown that organic no-till systems are most likely to succeed:

1 in warm, long-season climates, especially Mediterranean-like regions;
2 in well-drained, fertile soils, especially on sloping, erosion-prone land;
3 with late plantings, i.e. when there is not an early-season market demand;
4 when cash crops are established from transplants or large seeds; and
5 when cover crops produce high-residue levels of persistent biomass that can suppress weeds 

(Table 1).

Tilling only in-row areas (grow zones) and leaving the alleyways untilled and covered with 
sod or cover crops is an alternative ‘hybrid’ system that can be used in more challenging cir-
cumstances such as compacted soils and cold short-season climates. Depending on the site-
specific situation, in-row tilled areas can be either covered with pre-plant plastic mulch or 
post-plant organic mulch, or left uncovered as strip-till or ridge-till (raised-bed) systems (El 
Titi 2003).
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Future research priorities
Future research needs include development and evaluation of:

1 affordable no-till equipment (particularly roller-crimpers and other residue management 
implements, and no-till planting aids) for small-scale organic farmers;

2 cost-effective practices and strategies to prevent production of weed seeds and reduce weed 
growth during the minimum weed-free period (4–6 weeks after planting cash crops);

3 techniques and strategies to improve efficient nutrient use, especially synchrony of nitrogen 
supply and crop demand;

4 spatial interseeding of grass and legume cover crops on controlled-traffic raised beds to 
optimise both nitrogen efficiency and weed suppression; and

5 strategic crop and tillage rotations, designed to achieve a more desirable balance between 
high marketable crop yields and high soil quality or production capacity (sustainability).

We conclude by outlining a strip-interseeding technique that integrates list items (4) and 
(5) above (Chen et al. 2004, R. Morse and M.W. Schonbeck, unpublished data, 2004). Growing 
legume and grass species in alternating multiple-row zones on controlled-traffic raised beds 
can indeed be the best of both worlds. Winter-kill or overwintering legumes are grown on bed 
tops in designated zones (grow zones) where subsequent cash crops are to be grown; and over-
wintering high-residue grass smother crops are grown in alleyways and between grow zones 
on bed tops to maximise weed suppression. In the following spring or summer, cash crops are 
established in the nitrogen-rich grow zones, using either no-till seeders or transplanters, or 
non-inversion strip-till implements followed by conventional seeders or transplanters. 
Alleyway areas are maintained as a dead or living mulch, resulting in conservation of soil and 
water, suppression of weeds and creation of habitat for beneficial organisms.
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Introduction
Organic farming systems are challenged by many of the same crop protection issues as conven-
tional farming systems. Approaches to crop protection in organic agriculture differ widely 
among growers globally and regionally. At one end of the spectrum, organic growers use sub-
stitution-based approaches in large-scale operations to capture premium prices in a niche 
market. At the other end, resource-poor farmers producing subsistence crops use, by default, 
pest regulation tactics based on traditional knowledge. Organic growers at both ends of the 
spectrum are less motivated by environmental and public health considerations than are those 
growers that have formed the philosophical centre of organic agriculture movements in various 
parts of the world. For these growers, organic agriculture differs fundamentally from conven-
tional agriculture, not in terms of the pest and disease challenges that face crop production or 
solely in the range of tactics used by growers, but in the conceptual approaches that frame crop 
management strategies.

Too often, descriptions of the conceptual approaches in conventional and organic agricul-
ture are overly simplified (Trewavas 2004). Conventional pest control can no longer be charac-
terised as the reliance on scheduled applications of broad-spectrum pesticides (biocides, 
insecticides, fungicides, herbicides). Best practices in conventional agriculture incorporate a 
wide range of tactics, including pest monitoring and judicious use and timing of selective pes-
ticides, selection of insect and disease-resistant cultivars, and cultural controls such as crop 
rotation and crop residue destruction. By the same token, organic agriculture is more than 
conventional agriculture minus synthetic fertiliser and pesticide inputs. While some organic 
growers do simply substitute manure for fertiliser and botanically derived pesticides for syn-
thetic pesticides – more often, organic practices involve a wide range of soil management and 
cropping practices that maintain ecosystem health and foster ecosystem services (Altieri 1986 
1999, van Bruggen and Semenov 2000).

For the purpose of this chapter on pest and disease management, organic agriculture is 
defined as plant and animal production systems managed with an emphasis on sustainable 
and renewable biological processes: nutrients supplied at rates needed to maintain nutrient 
balances through decomposition of nitrogen (N)-fixing green manures and plant or animal-
based soil amendments, and pest management relying heavily on promoting plant health, veg-
etation management and biological control. Curative pest treatments include application of 
microbials, botanicals, soaps, oils and minerals and augmentative releases of predators; syn-
thetic fertilisers or pesticides are generally not applied, unless exemptions are granted.
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We will use a theoretical approach to the characterisation of pests and diseases in agricul-
tural systems, based on some of the ideas from invasion ecology. Invasion ecology is a complex 
and dynamic intellectual conversation often focused on exotic plants, mammals and birds. 
Here, we don’t consider only exotic species as invaders but also any pathogen or pest species 
not yet present in a crop in a particular growing season. To apply some basic concepts of 
invasion ecology to crop protection, we consider three phases of invasion:

1 colonisation
2 establishment, and
3 population outbreak.

We explore whether certain invasion trends may be distinguished for herbivorous arthro-
pods, nematodes, fungi, and bacteria in organic versus conventional farming systems. By bor-
rowing the term invasibility, we can examine how organically managed crops may present 
barriers against the invasion by pests and pathogens, and compare them, when possible, with 
conventionally managed crops. In natural ecosystems, low invasibility has often been related 
to high biodiversity depending on the scale of observation (Peterson et al. 1998), and this rela-
tionship may also hold for managed agroecosystems (Knops et al. 1999). Organically managed 
agroecosystems are generally more diverse than their conventional counterparts. This has 
been shown for above-ground natural plant and crop species, insects and birds, as well as for 
below-ground arthropods, nematodes, fungi and bacteria (e.g. Mäder et al. 2002, Aude et al. 
2004, Asteraki et al. 2004, Oehl et al. 2004). The reasons for this difference in biodiversity are 
manifold, but in particular, the: 

1 absence of herbicides reduces detrimental effects on various microbial species; 
2 absence of synthetic nematicides and insecticides reduces broad-spectrum effects on bene-

ficial fauna;
3 absence of general fumigants reduces broad-spectrum activity on all soil life;
4 absence of easily available plant nutrients reduces the selective enhancement of fast-growing 

microorganisms, and 
5 addition of various plant and animal-derived organic materials enhances the soil food web 

and, indirectly, the above-ground food web. 

In addition, organic farmers frequently purposefully plant strips of controlled natural veg-
etation, which affects not only above-ground biodiversity, but also soil biodiversity. If higher 
biodiversity in agroecosystems reduces invasibility, then we can expect a reduced spread of 
pests and diseases in organic compared to conventional farms. We suggest that this expecta-
tion is largely met, but that there are exceptions.

We compare the range of pests and diseases that challenge crop productivity in organic and 
conventional farming systems around the world. Our emphasis here is on arthropod pests and 
diseases, but we include some observations on vertebrate and other invertebrate pests. We then 
describe organic and conventional strategies for pest and disease management, including the 
three elements: 

1 prevention of colonisation or establishment; 
2 population regulation through biological processes; and 
3 curative interventions. 

To illustrate these elements of pest and disease management in practice, we critically 
review comparative research programs on conventional and organic pest control in many 
parts of the world, and illustrate the constraints and opportunities of organic crop protection 
under different farming conditions. We conclude by providing suggestions on future research 
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 directions that will advance our knowledge and capacity for effective crop protection in 
organic agriculture.

Pests and diseases in organic �ersus con�entional agriculture
Pests and diseases that plague conventional farming operations, causing yield loss or the appli-
cation of costly inputs, are often the same species that challenge organic growers producing the 
same crops. One significant difference is that organic growers avoid the use of broad-spectrum 
synthetic pesticides, which severely disrupt natural controls in the system and promote the 
occurrence of secondary pests (Johnson and Tabashnik 1999). Well-known secondary pests in 
pesticide intensive systems include spider mites in temperate orchards treated for codling 
moth, rice brown planthopper in pesticide-treated tropical paddy rice, Rhizoctonia black scurf 
in potato after nematicide applications that reduce fungi-feeding collembola (Hofman 1988), 
and apple scab as a result of decimation of earthworm populations by the fungicide benomyl 
(slowing down decomposition of infected leaves). A substantial number of major pests in con-
ventional systems, then, are regulated at low levels in organic systems by virtue of the conser-
vation of their natural enemy complex.

Natural pest and pathogen controls are not only conserved (not disrupted) but are also 
promoted in organic farming conditions. Most soilborne plant pathogens causing root and 
foot rots in older plants are usually less prevalent in organic than in conventional farms (van 
Bruggen and Termorshuizen 2003). This kind of disease suppression has frequently been asso-
ciated with higher microbial activity and diversity, with higher microfaunal numbers and 
diversity, and/or with lower soil and crop N concentrations in organic than in conventional 
soils. Attacks by some airborne diseases (in particular many powdery mildew and rust diseases) 
and by sucking insect pests (aphids and whiteflies) can also be less severe in organic than in 
conventional crops due to lower nitrogen concentrations in foliar tissues or phloem on organic 
than on conventional farms (van Bruggen 1995).

Some arthropods are favoured under conditions of organic farming practices, however, 
particularly below-ground pests that are fostered by rich organic matter such as the garden 
symphylan, cutworms, wireworms (Jansson and Lecrone 1991, Peachey et al. 2002) and slugs 
or hardy pest insects that have few biological controls and are not effectively controlled with 
allowable organic inputs such as the strawberry weevil or Lygus bug. Similarly, damping-off 
causing pathogens such as Pythium species can wreak havoc in organic crops, since these can 
multiply quickly in fresh organic materials incorporated into soil (van Bruggen 1995). Certain 
foliar diseases that can spread quickly and are controlled by frequent fungicide sprays in con-
ventional farms, such as potato late blight and onion downy mildew, can be devastating on 
organic crops in humid climates (Piorr and Hindorf 1986, van Bruggen 1995). Stored products 
pests should also be a particularly challenging problem for organic agriculture, since synthetic 
insecticides are prohibited. However, it seems that stored products pests are a universal problem 
posing challenges for conventional and organic farmers alike. Haines (2000) describes many 
problems with synthetic chemical approaches in the past decades to long-term storage pest 
control, and proposes new innovations in alternative control strategies. These control strate-
gies include those used by organic growers (Table 4.1).

Vertebrate pests, such as deer and other ungulates, fruit-eating and seed-eating birds, 
rodents, rabbits and squirrels colonise or intermittently visit both organic and conventional 
farms, potentially reducing yields and/or affecting food quality. Some of the practices more 
common on organic farms such as cover cropping, farmscaping with non-crop vegetation, and 
mixed cropping encourage beneficial fauna and repel some vertebrate pests, but may also 
improve the habitat for other vertebrates, such as gophers, voles and noxious birds. Organic 
practices overlap with those of conventional farming for control of these pests, including 
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Table 4.1 Relative reliance on different crop protection practices in organic and conventional 
agriculture to reduce crop invasion by pests and pathogens
Examples of specifi c practices are included in Altieri 1989, Lampkin 1999, Gliessman 2001, Litterick et al. 2004, van 
Bruggen 1995.

Invasion stage/
approach

Specifi c practices Organic Conventional

Colonisation prevention

Sanitation Pathogen-free seed, debris destruction, 
flaming, steaming (fumigation in 
conventional farming)

Common Common

Temporal 
asynchrony

Late or early planting or harvest with 
respect to pathogen, vector or pest 
arrivals

Common Common

Inconducive 
conditions

Crop rotation, repellent cultivars, soil 
suppressiveness by organic 
amendments, temperature control and 
repellents in storage facilities and 
greenhouses

Common Common

Synthetic chemical 
barrier

preventive foliar sprays with synthetic 
insecticides, nematicides, acaricides, 
anticoagulants, fumigants, fungicides or 
bactericides; botanical pesticides 
containing petroleum derivatives

Absent Common

Spatial isolation Crops sown distant from pest or 
pathogen hosts, weeds, non-crop hosts 
removed, barrier crops or natural strips, 
physically distant from all coloniser pools

Occasional Rare

Disrupt colonisers Mating confusion, trap cropping, sterile 
male releases, and low voltage ‘soft 
electrons’ for insects, fences, trapping, 
netting for birds and mammals, sealant, 
reflective tape and startling sound for 
birds and rodents

Occasional Occasional

Population regulation

Host plant 
resistance

Suboptimal plant quality (low 
fertilisation), resistant cultivars, crop 
spacing, plant extracts or other 
repellents or hormones applied to stored 
products

Common Common

Genetically 
modified resistance

Genetically modified crops with Bacillus 
thuringiensis toxins, proteinase inhibitors, 
various forms of resistance against 
diseases

Absent Common in 
some countries

Intercropping Mixed cultivars, mixed cropping, strip 
cropping, green manures, incorporation 
of repellent plants

Common Occasional

Competition Enhanced herbivore and microbial 
diversity to reduce the proportional 
representation of injurious taxa

Common Rare

Insectary 
vegetation or 
predator resources

Flowering plants in field margins, strips, 
islands, hedgerows, cover crops, bat and 
owl nesting sites, bird perches to attract 
and retain natural enemies in the crop 
field

Common Occasional
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 sanitation, exclusion, trapping and the use of a variety of repellents (visual, vegetation man-
agement, auditory) but exclude the use of many fumigants, anticoagulants and toxins.

Organic growers may therefore expect to encounter most of the same pests and pathogens 
as conventional growers in their fields. However, the dynamics of these organisms depend on 
the extent to which the organism’s resource requirements are met and degree to which natural 
controls are functioning in the management system. Therefore, for many pests and pathogens, 
organic practices reduce the probability of establishment and spread in the crop field despite 
the presence of the same crop host. For other pests and pathogens, organic practices promote 
suitable conditions for population growth, resulting in particular challenges for growers with 
limited agrochemical options.

Pest and disease management in organic �ersus con�entional agriculture
Crop protection in organic agriculture is accomplished through three general approaches, by: 

1 preventing colonisation by pests and pathogens;
2 regulating the abundance of pests and pathogens at low levels through biological processes; 

and 
3 employing curatives that are allowed under organic agriculture guidelines. 

In�asion stage/ 
approach

Specific practices Organic Con�entional

Conservation Avoid use of biocides that disrupt natural 
enemies and competitors

Common Occasional

Unsuitable 
environment

Ventilation, humidity, and temperature 
control (greenhouses and storage 
facilities), humidity control by irrigation, 
irradiation

Common Common

Curati�esA (at population le�el)

Synthetic pesticides Various systemic and contact 
insecticides, molluscicides, acaricides 
and fungicides, pyrethroids

Absent
Exceptional

Common
Common

Organics Soaps, oils, compost teas Common Rare

Inorganics Sulfur dust and sprays, diatomaceous 
earth, micronutrients (Si or Zn), iron 
phosphate, CO2, N2, copper hydroxide, 
Bordeaux mixture

Common
In some 
countries

Common

Botanicals Plant extracts without petroleum-based 
synergists (pyrethrum, rotenone, 
nicotine, neem, horsetail)

Rare Rare

Inundative 
biological control

Predators (e.g. ladybirds, predatory 
mites), parasitoids (e.g. egg parasitoids, 
larval parasitic wasps and flies), bacteria 
(e.g. Bacillus thuringiensis, B. subtilis), 
entomopathic and nematopathic fungi 
(e.g. Entomophthora, Trichoderma, 
Beauveria and Verticillium), viruses (e.g. 
arboviruses)

OccasionalB Occasional

Physical removal Trapping, vacuuming, handpicking, 
hunting

Occasional Rare

A  In the plant pathology literature, only systemic fungicides with kick-back action are considered curative, but here, we 
include any pesticides that limit further spread of pests and diseases in the plant population. B Provided no 
petroleum-based synergists or carriers are used.

010602•Organic Agriculture 3pp.i97   97 30/4/06   4:44:01 PM



Organic agriculture: a global perspective98

The first two approaches tend to be prophylactic control measures and the latter involves the 
substitution of synthetic chemical inputs used in conventional crops once pest or disease levels 
begin to rise. Because prophylactic crop protection in organic systems is based on ecological 
processes, the crop is seen as a host, the crop field and surroundings as a biotic community 
with its abiotic conditions, and the pest or pathogen as an invader that colonises the crop 
habitat, establishes and erupts. Barriers to pest outbreaks include various means of isolating 
the crop from pest/pathogen source pools and regulating pest and pathogen populations once 
established through community resistance (Table 4.1). Community resistance comprises those 
factors that cause the habitat to be unsuitable for proliferation of invaders, such as resource 
limitation, competition, and predation. Community resistance compensates for synthetic pes-
ticides in conventional agriculture (Drinkwater et al. 1995, Lampkin 1999). Above-ground, 
community resistance involves the conservation and enhancement of beneficial fauna, either 
directly or via diversified vegetation. In soil, community resistance can be enhanced by activa-
tion of the soil food web through amendment with slowly decomposing organic materials. 
Enhancement of biodiversity is the key element in these efforts. Curative measures, taken as 
pest or pathogen populations begin to rise, include application of organically approved biocides 
or behaviour-modifying compounds derived from natural sources or inundative releases of 
other organisms (competitors, predators, or parasites). Curative measures may substitute for 
synthetic pesticides in conventional agriculture (Guthman 2000), and can complement other 
tactics, such as biodiversity enhancement. Successful crop protection in organic systems relies 
on prophylactic measures that prevent pest and pathogen colonisation, establishment or build 
up sometimes in combination with curative measures when needed.

Prevention of colonisation or establishment of pests and pathogens in organic agriculture

Colonisation of the crop field, orchard, vineyard, storage facility or other agricultural environ-
ment by pests and pathogens is prevented through sanitation, source isolation, and other pro-
tective measures. Practices to prevent colonisation and establishment of pests and pathogens, 
namely sanitation, clean seeds or vegetative propagating materials, crop rotation, adjustment 
of planting time, removal of certain weeds, fencing or netting against vertebrates, sealing or 
repelling against storage pests, hold for both organic and conventional agriculture. However, 
they are even more important for organic farming, because curative measures are restricted 
here. The use of various crop protection practices to prevent colonisation of the crop by pests 
and pathogens are at least as common in organic agriculture as in conventional agriculture 
(Table 4.1). To illustrate some of the particular problems facing organic growers, we consider 
seed sanitation and crop rotation.

EU regulation 2092/91 for organic farming requires that all inputs in organic agriculture, 
including seeds and vegetative materials, must originate from the organic production chain 
when available (Lammerts van Bueren et al. 2003). Officially registered seeds and vegetative 
material must be true to type, pure and healthy (in terms of percentage germination and 
freedom from plant pathogens and pests). It is sometimes assumed that seed produced under 
organic conditions would have a greater ‘vitality’ than conventionally produced seed, but there 
is no scientific evidence for this assumption. It is more likely that the germination and emer-
gence capacity of seeds is primarily determined by the pathogens that become associated with 
the seeds in the seed production phase and during seed storage. In conventional seed produc-
tion firms, seed samples are tested for pathogen infection, and infected seed batches are culled 
so that seeds can be marketed as certified disease-free, but organic seeds are (still) frequently 
produced in small companies that lack those facilities. Thus, organic growers may face 
problems with seed-borne diseases as long as inspection of organic seed is less stringent than 
that in conventional seed production (see Chapter 5).
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Pathogens and pests can also be avoided by adapting the crop planting time or rotating 
crops that harbour different suites of pests and pathogens (temporal isolation). The time 
between rotations of a particular crop is usually longer in organic than conventional field crop 
production (5–8 years v. 2–3 years). Successive planting of the same crop is not permitted 
according to organic standards in the EU, but rotation times are minimised in organic green-
house production as only high value crops with similar cultural practices can be grown such as 
tomato, sweet pepper and cucumber in rotation. Organic growers practicing short crop rota-
tions in greenhouses can face severe problems with root knot nematodes in soil-bound pro-
duction of these high-value crops.

Organic growers can avoid diseases and pests by planting susceptible crops at times of the 
year when certain pests are less pervasive. For example, to avoid severe damage from late blight, 
organic farmers plant early maturing potato varieties early in the growing season so that tubers 
have grown to a reasonable size by the time late blight becomes pervasive (Tamm et al. 1999). 
Asynchrony of dispersing insect pests and susceptible crop stages is a tactic used commonly by 
organic and conventional growers worldwide. For example, winter wheat production in the 
northern US can be timed to avoid infestation by Hessian fly (Mayetiola destructor), which lives 
as an adult for only a few days. The US Department of Agriculture provides estimates of fly-free 
dates for growers sowing varieties that are otherwise susceptible to the pest. Subsistence farmers 
in Malawi avoid devastation of their bean crop by sowing with the first rain. Later crops are 
attacked heavily by bean fly (e.g. Ophiomyia spencerella), which can kill the plant. Planting 
crops before peak aphid vector flights can reduce virus infection in US lettuce production. The 
next generation of aphids is often wingless and is less likely to move between plants. Planting 
dates can also be used to reduce vertebrate pest damage, such as January plantings of sunflower 
crops in India, planned to reduce the synchrony of sprouting plants and mature seeds with the 
incidence of harmful birds (house crows and rose-ringed parakeets) (Mahli 2000).

Invasion biology and metapopulation theory claim that organisms can be prevented from 
spreading into patchy islands when the distance between patches is large. Therefore, crop fields 
can be isolated from source pools by keeping large distances between fields with the same 
crop. In northern California, organic production of kiwi fruits is successful in part because of 
sparse cultivation of this specialty crop. In organic agriculture with longer rotations, the patch 
sizes (fields with a certain crop) are frequently smaller than in conventional agriculture. 
Moreover, fields are often separated by strips of natural vegetation on organic farms. Thus, 
crop plants can be pathogen-free and herbivore-free as a consequence of locating fields distant 
from coloniser pools (Letourneau 1999). However, small-scale organic farmers cannot always 
take advantage of this method to avoid pests and diseases, since all plots may be located very 
close together. For example, fields on some small-scale organic farms are organised as ‘pie-
pieces’ in a circle, where all crops shift to the next small ‘pie-piece’ in the following season. 
Although this circular arrangement is appealing to customers who buy produce at the farm, 
risks of pest and disease problems are enhanced through movement of pathogens and pests 
from plant residues to neighbouring seedlings of the same species. Finally, the source pool 
itself can be removed by destroying weeds that act as carriers or alternate hosts of crop pests 
and pathogens. Weeds and natural vegetation surrounding cropping areas may harbour 
various diseases, particularly viral and bacterial diseases (Thresh 1982, Wenneker et al. 1999). 
Also, poplar trees may harbour lettuce root aphids, which move to adjacent lettuce crops 
(Phillips et al. 1999). On the other hand, non-crop vegetation can host various parasitoids and 
predators that contribute to insect pest control (Barbosa 1998, Pickett and Bugg 1998), and a 
judicious approach to weed control is needed. Many organic farmers remove weeds selectively 
and maintain natural surroundings carefully to avoid the spread of pests and diseases into 
their crops.
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Storage pests are a particularly difficult problem; although storage facilities are often 
patchy, pests and pathogens tend to either move with the produce from the crop field to the 
storage facility or reside in the storage facility, making isolation difficult for many pest taxa in 
both organic and conventional farming operations.

Regulation of established pests and pathogens in organic agriculture

Once a pest or pathogen becomes established in a crop, field or storage facility various proc-
esses act to either enhance its abundance and spread in the system (invasion occurs) or to 
suppress its abundance and spread (persistence at low levels). These processes involve either 
host or product quality or the presence of suppressive agents in the community that regulate 
population growth of the pathogen or pest in the crop environment. In addition, physical 
impedance to spread by enhanced distances between hosts or physical barriers contributes to 
pest and pathogen regulation. Host plant quality can be optimised for minimal disease severity 
or reduced success of herbivorous insects (Scriber 1984). Indeed, crop resistance to pests and 
pathogens is a mainstay of organic agriculture. Resistance to pest and pathogen exploitation is 
brought about by selecting varieties with genetically based resistance traits, managing the phe-
notype, health and nutrient concentration to reduce its suitability for pests and pathogens, or 
managing crop and non-crop vegetation to reduce the concentration of food plants for herbiv-
ores (see Community resistance). Suppressive agents include competitors (neutral herbivores 
and microbes avirulent or less damaging to the crop) and natural enemies (predators and par-
asitoids of the pestiferous and pathogenic organisms). Included in this arsenal of crop defences 
are tactics that can be used together to protect the crop from yield loss either in the field or in 
the storage facility (Table 4.1). Integrative strategies are a cornerstone of successful crop pro-
tection in organic agriculture. In the following sections we explore the tactics available in 
organic agriculture, their effectiveness and limitations.

Host plant resistance
Host plant quality is optimised for crop protection when:

1 adequate nutrient status for plant productivity and health is maintained, without excess 
nutrients or imbalances that support high levels of herbivores or pathogens; and 

2 toxic or repellent properties are sufficient to directly reduce pest or pathogen exploitation 
and survival. 

The first approach is somewhat flexible, allowing for a grower to respond to pest and 
pathogen dynamics. However, the decision to use a resistant variety is set for the season. Its use 
will be determined by the probability of invasion, the severity of the pest or pathogen, any 
associated loss of yield quality or quantity, marketability, complementarity with other crop 
protection tactics, and the effectiveness of the resistant cultivar against the target and other 
possible exploiters. A caveat to these generalisations is that ‘one organism’s famine is another 
organism’s feast’, that is, very high nitrogen may attract an insect and deter a plant parasitic 
nematode (if ammonia is released from the nitrogen source). High mustard oil content deters 
insects that find it toxic, and attracts those that specialise on mustard family crops.

Depending on the target pests or pathogens, plant quality-based resistance can be induced 
by regulating the type and quantity of nutrients and moisture applied to the crop. For example, 
high N levels can enhance the population growth of certain aphids, but when potassium (K) is 
in ample supply, the amount of soluble N circulating in the phloem tissue is reduced, thus 
retarding aphid fecundity (van Emden 1966). Water shortage, in contrast, accelerates the 
breakdown and mobilisation of proteins and enriches the phloem nutrient quality for aphids, 
whereas excess moisture may predispose the crop to root-rotting pathogens. Sometimes 
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nutrient sources used by organic growers can produce mineral balances that reduce the suita-
bility of crop plants for pests and vectors, such as European corn borer (Phelan 1997) or the 
bean fly (Letourneau and Msuku 1992, Letourneau 1994). Thus, management practices can 
enhance or reduce host plant resistance by regulating the quality of food source for insects or 
pathogens (but see Letourneau 1997). Likewise, certain physiological conditions increase the 
incidence and severity of disease, and can be mitigated by management practices. For example, 
high N concentrations in soil and plant tissues may predispose a crop to diseases like powdery 
mildew, rust and certain root-rotting pathogens (Daamen et al. 1989, Tamis and van den Brink 
1998). However, shortages of some elements may also enhance the susceptibility to certain 
diseases; for example, K shortages increase the risk of Verticillium wilt in cotton, and calcium 
(Ca) shortages enhance susceptibility to Pythium root rot (Engelhard 1989).

Inherently resistant cultivars have been available for many crops, providing resistance 
against diseases caused by fungi, bacteria, viruses and nematodes as well as certain insect 
pests. The mechanisms underlying the resistance range from physical features such as tough 
leaves, and hairy or waxy tissues to deterrent or toxic secondary plant compounds in the 
foliage, fruits or seeds. Some of the resistance features have a broad activity against many pests 
and diseases and are based on multiple genes. For example, leaf toughness forms a significant 
impediment to insect herbivore feeding and pathogen ingression on many crops (Bergvinson 
et al. 1994, Agrios 1997). Alkaloids such as nicotine, glucosinolates and cyanogenic glycosides, 
found in tobacco, cabbage and cassava respectively, are not only toxic to most herbivores but 
also to many plant pathogens (Rosenthal and Janzen 1979, Agrios 1997). The inhibiting agents 
can be present continuously (constitutive resistance) or can be induced by stress, insect feeding 
or infection by pathogens and symbionts.

If a single gene governs resistance to pest exploitation, a cascade of biochemical reactions is 
usually triggered by a particular elicitor of a pathogen or pest, resulting in strong resistance. In 
many cases a pathogen or pest population can adapt relatively easily to this kind of resistance 
through heavy selection pressure (Riggs 1959), while counter-resistance is not so easily selected 
against multiple, mild resistance factors. For this reason, organic growers prefer to use plant 
cultivars and animal breeds with broad resistance based on multiple genes (see Chapters 5 and 
6). Although this means that a limited level of infection or feeding may occur, organic growers 
take this for granted, since they value a greater genetic variation and the associated yield stabil-
ity. For the same reason, many organic growers prefer open-pollinated varieties over hybrids. 
Moreover, mild resistance based on multiple genes can still be effective, when combined with 
other tactics such as biological control of pests, pathogens or vectors, even when it is insufficient 
to control a pathogen or pest on its own (Wyss et al. 2001, Vaarst et al. 2003).

Plant resistance traits may work indirectly through their effects on natural enemies. For 
example, certain maize plants (Zea mays), when fed upon by caterpillars, release a mixture of 
volatile compounds that attract parasitic wasps. Varieties known to produce these induced 
odour emissions will likely maximise biological control by being particularly attractive to par-
asitoids (e.g. Degen et al. 2004). Varietal selection for maximum effectiveness for biological 
control is in its infancy, and is often targeted for the discovery of gene sequences that can be 
transferred to conventional cultivars. The production of varieties particularly suited to organic 
production systems is progressing in recent years, but the choices are limited compared to 
varieties for conventional conditions (Jahn 2003, see Chapter 5).

Community resistance – vegetation

A key characteristic of natural plant populations is their genetic and phenotypic heterogeneity. 
Individual plants tend to occur in natural habitats displaying a mosaic of resistance levels  
due to genetic variability (Whitham and Slobodchikoff 1981) and induced responses. Such 
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 heterogeneity inherently reduces the probability of counter-resistance in rapidly evolving path-
ogens and phytophagous arthropods, and increases the durability of plant defences over time. A 
mixed cropping or mixed varietal scheme reduces the concentration of suitable food plants for 
insects and pathogens that specialise on a subset of the plants or varieties grown in the mixture 
(Finckh 1997, Mundt 2002). Herbivores, particularly specialised feeders, have a lower probabil-
ity of finding their host plant under these conditions, and tend to leave the field at greater rates 
than when suitable hosts are concentrated in monocultures. However, the searching efficiency 
of parasitoids may also be reduced (Bukovinszky 2004), while indirect effects through plant 
quality and emission of volatiles may also have a role in the effects of crop mixtures on herbiv-
ore suppression (Bukovinszky et al. 2004). Spread of plant pathogens is inhibited by resistant 
components in the mixture forming obstacles and traps. Andow’s (1983, 1991) reviews of the lit-
erature on pest population densities in mixed cropping versus monoculture showed that 56% of 
the herbivores had lower population densities, 16% had higher population densities, and 28% 
had similar or variable densities in polyculture compared to monoculture. Intercropping is an 
integral part of many low-input, traditional cropping systems in the tropics, but is only occa-
sionally used for products destined for the organic market, especially in temperate regions.

Community resistance – pathogens and herbivores

The degree to which competition among herbivores or among microbes ultimately reduces 
plant injury in natural systems is debated. In agroecosystems, where the reduction of target 
pest numbers is often the goal, it is conceivable that the guilds of plant exploiters could be 
shifted to include more neutral invaders and prevent the build up of the few most injurious 
species. Theoretically, organic practices that promote the richness of plant-supported microbes 
and herbivores in the community can cause such a ‘dilution effect’ of the pestiferous taxa, thus 
reducing crop injury levels and yield loss. However, innovative practices aimed at specific taxa 
have not always been successful. For example, supplemental feeding of rodents aimed at 
increasing the numbers of competing, non-pestiferous species in Canada did not reduce vole 
densities or damage (Sullivan and Sullivan 2004).

Community resistance – biological control

Organic crop production relies on the suppression of pathogens and pests through the intro-
duction, conservation or enhancement, or augmentation of predators (or parasitoids). Natural 
biological controls of pests and pathogens are enhanced in organic systems that foster and 
maintain biodiversity through limited use of disruptive curatives coupled with vegetation 
management (Barbosa 1998). Plants growing within and near the crop field offer resources for 
natural enemies such as alternate prey or hosts, pollen or nectar, as well as microhabitats that 
are not available in weed-free monocultures (Letourneau and Altieri 1999) or extensive 
cropping operations with little non-crop vegetation. Non-crop vegetation serves to increase 
faunal biodiversity, which increases the potential for ecosystem services to growers. Because 
organic growers tend to rely more on ecosystem services for crop health than do growers 
employing chemical input intensive schemes, vegetation management and farmscaping have 
become key crop protection tools in some areas. The challenge is to encourage natural enemies 
without overly favouring pest organisms. Detailed knowledge of animal behaviour, resource 
use and movement patterns with respect to non-crop vegetation can aid in vegetation manage-
ment schemes for biological control and biodiversity conservation. For example, studies of 
bird communities in riparian strips in Quebec suggested that woody vegetation increased 
richness of some insectivorous birds, but did not increase pestiferous red-winged blackbird 
densities in adjacent crop fields (Deschenes et al. 2003). Microbial communities in organically 
managed soils are often highly diverse compared to simpler systems managed with low vegeta-
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tional diversity and synthetic chemical inputs. Consequently, plant pathogens are frequently 
suppressed in organic farming systems by enhanced microbial complexity and activity, brought 
about by regular soil amendment with recalcitrant organic materials like mature composts 
and manure (Mäder et al. 2002, van Bruggen and Termorshuizen 2003, Litterick et al. 2004).

Curative control

There are limited options for curative control allowed under organic agriculture guidelines, 
which vary from country to country. Curatives are inputs to the crop production system that 
are applied after a pest or pathogen has established in the crop, and threatens to reduce yields 
if action is not taken. Table 4.1 provides a representative list of botanically derived pesticides, 
microbial agents and other naturally available materials typically approved under organic 
standards. These materials vary in their toxicity levels and non-target effects.

In many countries, copper fungicides are allowed for persistent problems such as the 
control of late blight on potatoes and downy mildew on grapes. Similarly, sulfur fungicides are 
used to control powdery mildew on various crops and scab (Venturia inaequalis) on apples and 
pears. The number of sulfur sprays may even exceed that of synthetic fungicides in conven-
tional apple production, but the environmental impact may still be lower (Spruijt-Verkerke et 
al. 2004). The environmental impact of copper can be significant, considering the broad 
impact spectrum and the tendency to accumulate in soil. Finally, some synthetically produced 
curatives, such as pyrethroids, are allowed for certain uses as an exception to the rule. However, 
the organic regulations are adjusted constantly, and curative applications are becoming more 
restricted. For example, copper fungicides are already banned in many countries.

Various plant extracts are allowed under most organic guidelines, provided that they are 
not formulated in petroleum-based synergists or carriers. However, they are only rarely used, 
primarily as insecticides (Table 4.1). Compost extracts are used more frequently, and are com-
mercially formulated these days (Litterick et al. 2004). They can be very effective in disease 
control, depending on the starting material, the composting and fermentation procedures, 
and the final microbial activity.

Curative biological control can be accomplished by inundative release of selected biocon-
trol agents. Although many specific biological control agents against plant pathogens, insect 
and nematode pests have been identified, relatively few species have been registered for field 
use, primarily parasitoids and predators for insect and mite control, and some fungi and 
bacteria for insect and pathogen control. Biocontrol of soilborne pathogens has been success-
ful under controlled environmental conditions using simplified potting mixes, but has often 
failed when selected microorganisms were added to field soil (Fravel 1999). This is also the 
case, even more so, for foliar microbial biocontrol agents due to the increased exposure to the 
elements. We recently noticed that the bacterial biocontrol agent Pseudomonas f luorescens did 
not survive as well in organically as in conventionally managed soil (Hiddink et al. 2005). It 
may be more difficult to get a biocontrol agent established in a microbially diverse organic soil 
than in a microbially impoverished conventional soil, as could be expected from invasion 
biology theory.

One might expect that organic growers would use biological control proportionally more 
than conventional growers, but surveys indicate that biological control agents are rarely applied 
on organic farms (Langer 1995), with the exception of Bacillus thuringiensis (Bt) for caterpillar 
control and various parasitoids and predators in greenhouse production. In most countries, 
organic regulations allow the application of biological control agents, provided that no petro-
leum-based synergists or carriers are used in the formulation. It is possible that the greater bio-
diversity in organic agroecosystems (in the open air) reduces the effectiveness of inundative 
biological control agents through intraguild predation or competition.
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Pest and disease management case studies in organic �ersus 
con�entional agriculture
Relatively few replicated, on-farm studies compare the relative effectiveness of organic and 
conventional crop protection practices. This is particularly true for vertebrate pests. Table 4.2 
lists recent examples of field comparisons between organic and conventional agriculture in 
different crops and location. These studies show that biodiversity is generally higher on organic 
farms, that pests and pathogens are usually regulated by organic practices, but that there are 
exceptions in either case. Few studies monitor pest levels and related yield losses. Even fewer 
studies are integrative for crop protection, monitoring both pests and pathogens. We provide 
two detailed, integrative case studies selected from European agriculture and commercial 
operations in the western USA to illustrate some constraints and benefits of organic agricul-
ture practices. These examples and those listed in Table 4.2 illustrate many of the general 
themes described above, including:

1 holistic approaches that characterise organic agriculture;
2 the kinds of pests and pathogens affected by different management practices;
3 the possibility of different, but equally successful, routes to crop protection; and
4 the importance of diversity in promoting ecosystem services for organic agriculture.

Table 4.2 Recent on-farm and field-experiment comparisons of pest or disease levels under 
organic or ecological versus conventional management

Crop Management 
practices in 
organic crops

Crop protection consequences as 
compared to con�entional

Reference

Almond A mixed cover crop, 
no fertilisers or 
pesticides

Shot hole disease more severe, almond 
scab on leaves and fruits similar; no 
differences in fungal communities

Teviotdale and 
Hendricks 
(1994)

Apple Organic soil 
amendments that 
promote soil 
microbial diversity 

Higher growth scores and lower 
colonisation by root pathogens 
(Pythium sp., Rhizoctonia solani)

Manici et al. 
(2003)

Organic soil 
amendments that 
promote soil 
microbial diversity 

Less Pythium root rot, more non-
pathogenic Pythium spp.

Mazzola et al. 
(2002)

Sulfur sprays More severe apple scab (Venturia 
inaequalis), similar orange tortrix 
(Argyrotaenia citrana)

Vossen et al. 
(1994)

Weed-, disease-, 
nutrient 
management

Lower abundances of predaceous 
beetles, lower diversity of non-
predaceous beetles

Pearsall and 
Walde (1995)

Carrot Biological pest 
control, soil 
management

Higher diversity of predaceous 
arthropods

Berry et al. 
(1996)

Cereals 
(wheat, 
barley, 
triticale, 
rye)

Organic practices 
(lower fertility, no 
pesticides)

No difference in epigeic collembolan 
composition

Alvarez et al. 
(2001)

No difference in species richness of 
butterflies, rove beetles, spiders, lower 
richness of carabids

Weibull et al. 
(2003)
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Crop Management 
practices in 
organic crops

Crop protection consequences as 
compared to con�entional

Reference

Cereals 
(wheat, 
barley, 
triticale, 
rye)

Organic practices 
(lower fertility, no 
pesticides)

Lower densities of aphids, higher 
densities of weevils, leaf beetles, 
spiders, plant hoppers, plant bugs and 
sawfly larvae

Moreby and 
Sotherton 
(1997)

Lower infection with ear blight 
(Fusarium spp.) and lower mycotoxin 
contamination

Birzele et al. 
(2002)

Organic practices 
(lower fertility, no 
pesticides)

Reduced incidence and severity of foot 
rots and root rots, eyespot, and take-
all; similar or less powdery mildew (E. 
graminis); similar, less or more leaf spot 
and glume blotch (S. nodorum); similar 
or more leaf rust (Puccinia spp.); less 
stripe rust (P. striiformis); less leaf 
blotch (M. graminicola)

Various authors 
cited in van 
Bruggen and 
Termorshuizen 
(2003) (root 
diseases) and in 
van Bruggen 
(1995) (root and 
shoot diseases)

Organic with red 
clover as pre-crop

Higher numbers of total predators Basedow (1991)

Organic 
experimental fields, 
sulfur applications

More severe Septoria leaf blight at end 
of season; more severe powdery 
mildew at beginning of season

Higginbotham 
(1996)

Grape Organic 
management; cover 
crops

No difference in Phylloxera, but 
reduced severity of secondary fungal 
root infections

Lotter et al. 
(1999)

Maize Organic 
management, 
winter cover crops, 
composted chicken 
manure

Aphids, mites and corn ear worm 
fluctuated from year to year, but were 
similar in organic and conventional 
field plots; more seed corn maggot in 
1 of 8 years

Clark et al. 
(1998)

Olive No synthetic 
pesticides

Low mortality and higher fecundity of 
lacewing adults

Corrales and 
Campos (2004)

Pepper Organic 
management, 
compost, cover crop

Corn borer (Ostrinia nubilalis) larval 
populations similar, beneficial insect 
populations greater in 1 year; fruit 
damage by insects or diseases less or 
similar

Delate et al. 
(2003)

Potato Absence of 
fungicides or only 
copper fungicides

Much more severe late blight 
(Phytophthora infestans)

Piorr and 
Hindorf (1986), 
Zwankhuizen et 
al. (1998)

Rice Ecological 
agriculture practices

Similar or higher arthropod 
abundance, with no decrease in yield

Hossain et al. 
(2002)

Organic practices Similar abundance of major pests, 
damage and species richness of 
arthropods

Hesler et al. 
(1993)

Straw-
berry

Organic, no 
insecticides

Higher tarnished plant bug density and 
damage

Rhainds et al. 
(2002)

Mulch, no 
fumigation

Cylindrocarpon root rot greater in 
organic

Rosado-May et 
al. (1994)
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Case study 1 – pest and pathogen regulation in organic �ersus con�entional 
cereal crops in Europe
Since the 1980s, the proportion of cereal crops (wheat, barley, oats, rye) has steadily dropped in 
conventional agriculture in north-western Europe (except for France). The main reason is a 
reduction in price supports, resulting in such low prices that it is not profitable to grow cereals 
as intensively as was commonly done in this region (with straw shorteners, high fertilisation, 

Crop Management 
practices in 
organic crops

Crop protection consequences as 
compared to con�entional

Reference

Straw-
berry

Straw mulch, no 
fumigation or 
fungicides, low 
fertility

Less fruit rot by Botrytis cinerea, 
variable grey mould severity 
depending on cultural practices

Gliessman et al. 
(1996), 
Daugaard 
(1999)

Tea No synthetic 
pesticides

Greater abundance and diversity of 
carabid beetles

Mukhopadhyay 
et al. (2003)

Tomato Biological 
insecticides and 
living mulch

Higher level of thrips and caterpillar 
damage.

Hummel et al. 
(2002)

Cover crops, 
composted manure, 
insecticidal soap, Bt

Same levels of potato aphids, army 
worm and tomato fruit worm, wild 
fluctuations; more stinkbug injury in 1 
of 8 years

Clark et al. 
(1998)

Lower severity of corky root, Fusarium 
and Pythium root rot, Phytophthora 
root rot

Clark et al. 
(1998), Workneh 
et al. (1993)

Reduced Southern blight Bulluck and 
Ristaino (2002)

Organic, cannery 
waste compost

Reduced anthracnose (Colletotrichum 
coccodes) on fruits

Abbasi et al. 
(2002)

Various 
crops

Alternative soil 
amendments

Higher Trichoderma and lower 
Phytophthora and Pythium propagule 
densities

Bulluck et al. 
(2002)

Organic practices, 
habitat 
diversification

Higher species richness, abundance 
and activity of nocturnal insects 
insectivorous bats

Wickramasinghe 
et al. (2003)

Organic 
management: cover 
crops, composted 
chicken manure

Reduced populations of Pratylenchus 
spp., Rhizoctonia solani and Verticillium 
dahliae in soil

Clark et al. 
(1998), 
Berkelmans et al. 
(2003), Neher 
and Olson 
(1999), van 
Bruggen and 
Termorshuizen 
(2003)

Biodynamic mixed 
farm with 6 years 
grass-clover in a 10 
year rotation

Carabid abundance and species 
richness generally higher (except in 
potato)
Staphylinid and spider abundance and 
species richness generally similar

Booij and 
Noorlander 
(1992)

Organic practices Greater abundance and lower diversity 
of predaceous beetles

Shah et al. 
(2003)
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and frequent fungicide and insecticide applications). On organic farms, cereal crops are still 
profitable as they are grown less intensively. Moreover, they are essential crops in the longer 
rotation schemes. Some of these crops (oats, rye, triticale) are also used as winter cover crops 
to reduce nitrate leaching. Because of the large differences in production practices for cereal 
crops at organic versus conventional farms in Europe, many comparative studies of farming 
systems have focused on these crops. Most comparisons have involved single (experimental) 
farms side by side (Rabbinge and Zadoks 1989). In a few cases, replicated experimental treat-
ments were compared (Hannukala and Tapio 1990), and even fewer publications covered large 
surveys on many farms (Tamis and van den Brink 1998 1999).

From all these studies it is apparent that fungal root and foot rots caused by Fusarium 
species are similar or reduced in organic cereal crops. The same holds for take-all disease 
caused by Gaeumannomyces graminis and for eyespot and sharp eyespot caused by Pseudocer-
cosporella herpotrichoides and Rhizoctonia cerealis, respectively (van Bruggen 1995). In some 
studies, the lower disease levels at organic farms were associated with lower N application rates 
(van Bruggen and Termorshuizen 2003), higher microbial activity and diversity (Hiddink et 
al. 2005), or greater populations and/or diversity of soil microfauna (Mäder et al. 2002, van 
Bruggen 1995). Another reason for suppression of root diseases in organic cereal crops could 
be enhanced competition by arbuscular mycorrhizae, which are generally more abundant in 
organic than in conventional crops, due to the lower available N and P in organically managed 
soils (Oehl et al. 2004).

The lower N application levels in organic cropping systems also have a tremendous influ-
ence on above-ground diseases and pests. Powdery mildew, snow mould and stripe rust of 
wheat were less severe in a long-term organic than in a neighbouring conventional experimen-
tal farm in the Netherlands, despite regular fungicide applications in the conventional system 
(Daamen et al. 1989). This was attributed to lower N levels in the organic wheat tissue, but 
could also be due to a more open canopy structure and less conducive microclimate. In an 
extensive survey of 150 Dutch wheat fields, most above-ground diseases (snow mould, powdery 
mildew, Septoria leaf and glume blotch, Fusarium scab) were less severe in the organic than in 
the conventional and integrated farming systems (Tamis and van den Brink 1998). The differ-
ences were significant for snow mould, glume blotch, and Fusarium scab. Contrary to the two-
farm study mentioned above (Daamen et al. 1989), there was no significant difference for 
stripe rust, while leaf rust and powdery mildew on the ear were significantly more severe in 
organic than in conventional farms (Tamis and van den Brink 1998). Incidences of diseases 
that were higher in conventional farms than in organic farms were again positively correlated 
with N application rates (Tamis and van den Brink 1998). The higher severity of leaf rust and 
powdery mildew on the ears of organic than on those of conventional wheat plants may also 
have been related to N concentrations, since N is released from soil organic matter in the 
summer time, and can be higher in organic than in conventional farms at that time.

Plants high in N can also support large aphid populations (van Emden 1966, Thresh 1982) 
and are often more susceptible to virus infection. Thus, when high soil nitrate concentrations 
coincide with aphid flights, the population may grow explosively. Unfortunately, organic 
farmers have little control over the time when N is released in soil, and in some seasons aphid 
populations may be as high in organic as in conventional farming systems (Daamen et al. 1989, 
Piorr and Hindorf 1986). Leaf miners and cereal leaf beetles were generally more numerous in 
the conventional farming system and were associated with high N application rates (Daamen 
et al. 1989). In an extensive field survey, no significant differences were found in populations 
of aphids, leaf miners and cereal leaf beetles between organic and conventional farms, but 
there were enormous variations among years (Tamis and van den Brink 1998). Nevertheless, it 
is important to try to keep mineral N concentrations minimal, also at organic farms. This can 
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be done by focusing on organic matter build up over many years, and minimising applications 
of additional organic fertilisers during crop growth.

The absence of fungicide use in organic cereal production has given rise to concerns about 
grain moulds and mycotoxins on organic cereals. These concerns are not always justified. 
Fusarium scab of wheat was less severe in organic than in conventional farms in the Nether-
lands (Tamis and van den Brink 1998). In several German studies, Fusarium contamination of 
grains and concentrations of deoxynivalenol (DON) were also lower in organic than in con-
ventional farms (Birzele et al. 2002, Schollenberger 2002), while in some French studies 
Fusarium head blight severity and mycotoxin levels were similar in organic and conventional 
wheat production (Champeil et al. 2004). DON concentrations were also similar in organic 
and conventional grains in a British study (Berlath et al. 1998), but were below the European 
threshold level. Average levels of ochratoxin A contamination (from Penicillium and Aspergil-
lus) were similar in rye and barley grains from organic and conventional farms, but signifi-
cantly lower in organic than in conventional wheat grains (Czerwiecki et al. 2002). Thus, there 
is no reason to believe that mycotoxins would constitute a problem in organic cereal products 
(Schollenberger et al. 1999). The main reason for lower contamination levels at some organic 
farms may be the lower N contents and greater diversity of non-pathogenic fungi on the ears of 
unsprayed plants (Lemmens et al. 2004). Moreover, mycotoxin production per unit mycelium 
can be enhanced by the stress of certain fungicides (Felix D’Mello et al. 1998).

Insect pests can often be kept in check by a greater diversity of non-herbivorous arthro-
pods. Piorr and Hindorf (1986) noticed an increase in beneficial insects during the conversion 
period on a biodynamic farm. Reddersen (1997) also observed a higher diversity of arthropods 
in organic cereal fields, accompanied by a lower arthropod abundance compared to conven-
tional cereal fields. In many other studies, a relatively high arthropod abundance in organic 
compared to conventional wheat fields was associated with a higher arthropod diversity in 
organic wheat fields (Moreby et al. 1994, Basedow 1995, Pfiffner and Niggli 1996). Feber et al. 
(1997) measured similar levels of pest butterflies in organic versus conventional farmland, but 
found significantly more non-pest butterflies in organic farmland. Total numbers of epigeic 
predatory arthropods were also highest in organic farming systems compared to pesticide 
intensive agricultural production systems (Basedow 1991). Among epigeic predators, carabid 
abundance and species richness were higher in organic cereal fields, while staphylinid and 
spider abundance and species richness were generally similar in different management systems 
(Booij and Noorlander 1992). The reasons for the frequently greater arthropod diversity in 
organic farms can be found in the greater variety of food sources associated with greater plant 
diversity within fields and in surrounding habitats (Booij and Noorlander 1992, Holland and 
Fahrig 2000, Asteraki et al. 2004).

Greater plant diversity in the field can also have benefits for disease control in cereal crops. 
Different cereal crops, for example barley and wheat, have sometimes been grown in mixtures 
resulting in a reduction in barley powdery mildew by increasing the distance between suscep-
tible plants (Burdon and Whitbread 1979). However, mixtures of wheat and field beans resulted 
in higher powdery mildew severity on the wheat crop as the bean density increased (Bulson et 
al. 1997); this was probably as a result of the greater N content of the wheat plants. Cultivar 
mixtures with different resistance genes have also been very effective in controlling different 
barley powdery mildew pathotypes (Finckh et al. 2000). The use of cultivar mixtures was a 
very effective and widespread practice in the former Eastern Germany (Finckh et al. 2000) and 
is now practiced on a large scale in rice production in China. Unfortunately, organic growers 
have not yet widely adopted this practice. Another form of mixed cropping, relay cropping of 
clover between cereal plant rows, is gaining popularity in Europe. This practice helps control 
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weeds, supplies N to the next crop, and contributes to disease control, particularly of take-all 
caused by Gaeumannomyces graminis (G.A. Hiddink, A.J. Termorshuizen, J.M. Raaijmakers 
and A.H.C. van Bruggen, unpublished data).

Thus, organic practices that promote biodiversity both above ground and below ground 
tend to enhance the resilience of the arable farming system so that many pests and diseases are 
controlled by natural enemies. These practices include an extensive rotation, soil organic 
matter management fostering high turnover rates and relatively low residual mineral nutrients 
with minimal f luctuations, crop or cultivar mixtures, and varied field margins. Although this 
is a desirable scenario for cereal production, it is not always practiced, and the great variation 
in organic farming practices understandably results in large variations in pest and disease 
intensities.

Case study 2 – pest and pathogen regulation in organic �ersus con�entional 
tomato fields in California
Tomato is a relatively high input crop in Californian agriculture. Of the top 15 vegetable crops, 
11 field crops, and 11 fruit or nut crops produced in the USA, Pimentel et al. (1981) listed 
tomato as having the highest percentage of acreage treated with insecticides (93%) and fungi-
cides (98%) and the ninth highest for acreage treated with herbicides (67%). A 36% yield 
reduction was predicted if pesticides (insecticides, fungicides) were not applied to the tomato 
crop (Agricultural Issues Center 1988). To check this premise, pests, diseases and their natural 
enemies were monitored in two complementary comparative studies in California. Van 
Bruggen participated in the Sustainable Agriculture Farming Systems (SAFS) experiment in 
Davis, California, where irrigated conventional, low-input and organic cropping systems with 
4-year rotations were compared with a 2-year conventional rotation from 1989 through 2001 
(Poudel et al. 2001). All crops in the rotation were represented each year, and there were four 
replicated blocks for a total of 56 plots on 11 ha. Tomatoes were the most intensively investi-
gated crop species in this experiment with respect to disease incidence and severity, insect 
pests, weed infestations and N dynamics. Letourneau and van Bruggen carried out a two-year 
survey of 18 organic (ORG) and conventional (CNV) commercial tomato production systems 
to compare:

1 the incidence of pests and pathogens; 
2 injury levels and pest damage to the crop;
3 pest abundance and disease severity;
4 biodiversity of the microbial and arthropod communities associated with the crop; and 
5 nutritional status of the crop.

The survey was carried out on nine ORG and nine CNV tomato fields in a 600 km2 area, 
encompassing five counties in the Central Valley of California. This sample covered a repre-
sentative spectrum of actual commercial farming practices, and the variability needed to 
identify particular practices that affect pest management. All 18 farms used the same tomato 
cultivar Blazer® (Drinkwater et al. 1995). Farms in both ORG and CNV management categories 
included sites bordered by various combinations of annual crop fields, orchards, oak woodland 
and riparian habitats. All fields were maintained reasonably weed-free within the beds during 
the growing season, but annual weeds were abundant along roadsides and field edges, especially 
where sufficient moisture was available. The cropping history of the fields, however, was not 
independent of management category. Most conventional farms were maintained as bare 
ground fallows over winter through initial tillage and subsequent herbicide applications, 
whereas organically managed fields had a vegetative cover with annual weeds and/or cover 
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crops (see Workneh et al. 1993, Drinkwater et al. 1995, Letourneau et al. 1996, and Letourneau 
and Goldstein 2001 for details of sites, design and sampling methods).

Root disease incidence and microbial community structure

In both the experimental study and the field surveys, foliar diseases were not important on 
irrigated tomatoes (mostly by furrow irrigation) in the semi-arid climate of California. Only 
occasionally, diseases such as bacterial spot (Xanthomonas campestris) occurred when it rained 
early in the season (Clark et al. 1998). Virus symptoms were also seldom observed. There were 
no differences in foliar disease incidence and severity between organic and conventional 
farming systems. Root diseases were quite common and sometimes severe in conventional 
tomato fields, but were absent or only slight in low-input and organic fields.

In the SAFS experiment, corky root (Pyrenochaeta lycopersici) was significantly more severe 
in the conventional system with a 2-year rotation and only slightly more severe in the conven-
tional system with a 4-year rotation compared to the low-input and organic systems (Clark et al. 
1998, van Bruggen and Termorshuizen 2003). The same was true for root rot caused by Pythium 
aphanidermatum. Differences in severity of other root rots were mostly not significant. These 
observations were made six, seven, eight and nine years after the start of the experiment. In the 
last two years, there were significant differences between both conventional treatments and the 
alternative treatments. Both alternative systems had winter cover crops, and much better water 
penetration than the conventional systems, which developed a hardpan over time. The organic 
plots had lower nitrate concentrations in soil and plant tissues and a higher microbial biomass 
and associated food web (particularly bacteria-feeding nematodes) than the conventional plots 
(Ferris et al. 1996). There were positive correlations between corky root severity and N concen-
trations in soil and plant tissues (A.H.C. van Bruggen, unpublished data, 1998).

In the field survey of tomato-producing farms in California both the incidence and severity 
of corky root were lower in well-established and recently converted organic farms (ORG) than 
in conventional farms (CNV). The main variables explaining corky root incidence and severity 
levels were N concentrations in both soil and tomato tissue (Workneh et al. 1993). Corky root 
was more numerous and severe at higher N concentrations. However, N mineralisation poten-
tial and fluorescein diacetate (FDA) hydrolysis, both measures of microbial activity, were nega-
tively correlated with disease severity. These relationships were confirmed in greenhouse 
experiments (Workneh and van Bruggen 1994a). In other greenhouse and laboratory experi-
ments, corky root suppression in ORG soils was associated with larger populations and higher 
diversity of actinomycetes in the rhizosphere (,Workneh and van Bruggen 1994b, Drinkwater et 
al. 1995). The community composition of actinomycetes and bacteria were more similar among 
samples with the same soil management (CNV or ORG) than between different management 
types (CNV v. ORG). Phytophthora root rot (Phytophthora parasitica) was also more severe in 
CNV than ORG fields, but this difference was primarily associated with soil texture, structure 
and moisture content instead of microbial and nutritional factors (Workneh et al. 1993).

Plant-parasitic nematode populations, in particular Pratylenchus spp., were significantly 
lower in the organic and low-input systems than in the conventional systems of the SAFS 
experiment as early as 1993, four years after initiation of the experiment. This difference was 
maintained until the end of the experiment in 2000 (Ferris et al. 1996, Clark et al. 1998, Berkel-
mans et al. 2003). Populations of Meloidogyne spp. were not consistently lower in the alterna-
tive systems than in the conventional systems (Clark et al. 1998, Berkelmans et al. 2003). Root 
knot symptoms on tomatoes were rare and differences were not consistent among treatments 
(Clark et al. 1998). Bacterivorous nematodes were generally more abundant in the organic and 
low-input than in the conventional treatments (Ferris et al. 1996). Accordingly, the enrich-
ment index, a measure of resource availability, was higher, and the channel index, a measure of 
domination of the fungi-based over the bacteria-based food web, was lower in the organic and 
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low-input than in the conventional treatments (Berkelmans et al. 2003). Moreover, the struc-
ture index, a measure of the number of trophic layers and potential for regulation of oppor-
tunists, was generally higher in the organic and low-input than in the conventional systems 
(Berkelmans et al. 2003). Suppression of Meloidogyne javanica in a bioassay was negatively cor-
related with the channel index, indicating that suppression was associated with a bacteria-
dominated food web as observed in the organic and low-input plots of the SAFS experiment 
(Berkelmans et al. 2003). A positive correlation between suppression of M. javanica and micro-
bial biomass had been described earlier (Jaffee et al. 1998). At that time, no relationship was 
found between M. javanica suppression and management system, nor with total number of 
nematode trapping fungi, yet the diversity of nematode trapping fungi was greater in the 
organic plots (Jaffee et al. 1998).

Thus, the general tendency was that root infections by fungal pathogens and populations of 
plant parasitic nematodes were lower in organic than in conventional soils, and this was asso-
ciated with either higher microbial diversity and activity, and/or a better soil structure, and/or 
a more complex soil food web in the organic soils. These characteristics are typical for a healthy 
soil that can resist disturbances by invading species (van Bruggen and Semenov 2000). Such a 
healthy soil is attained by organic practices such as winter cover cropping, applications of 
compost, and avoidance of synthetic pesticides and fertilisers.

Pest incidence, tomato injury and arthropod community structure

In the SAFS experiment, arthropod pests were monitored every two weeks by taking plant and 
fruit samples. Pest populations fluctuated significantly from year to year. Russet mites were 
occasionally problematic, and were treated with sulfur in all fields in the first few years (Clark 
et al. 1998). Potato aphids, armyworm and tomato fruit worms were severe enough to warrant 
insecticide sprays in the conventional treatments. Insecticidal soap and Bt were occasionally 
applied in the organic treatment. These were less effective than synthetic insecticides, so that 
aphid and armyworm populations were sometimes higher in organic plots, but in general, 
insect pests did not differ significantly among management treatments. The lack of significant 
differences among treatments was attributed to the relatively small plot size (0.11 ha per plot), 
necessitating an extensive on-farm field survey (Clark et al. 1998).

In the field surveys, arthropods were vacuum extracted from tomato foliage. The major 
tomato pests, such as thrips, aphids, tomato russet mite, f lea beetles, leaf-eating caterpillars, 
leafminers, fruit-eating caterpillars and fruit-piercing insects were present in all fields. Average 
damage levels accruing over the season were significantly correlated with the mean abundance 
of the most common species of that pest group collected in vacuum samples. That is, western 
flower thrips Frankliniella occidentalis abundance was directly correlated to percent tomato 
leaflets damaged by thrips; f lea beetle (Epitrix hirtipennis) abundance was positively corre-
lated with percentage tomato leaflets damaged by pit-feeders; and tomato fruitworm (Helicov-
erpa zea) abundance and percentage of fruits with deep wounds typical of fruitworm damage 
were also significantly correlated.

Damage from insect pests was variable among fields and among pest groups (e.g. leaf 
grazers, foliage pit-feeders, fruit punctures), but the average levels of overall and specific types 
of damage in organic and conventional fields were not significantly different (Drinkwater et 
al. 1995, Letourneau and Goldstein 2001). The average abundance of phytophagous insects 
was virtually the same on organic and conventional tomato at the time of crop harvest. 
Although crop N levels were significantly lower in organic fields, neither pest levels nor damage 
was explained by tissue N levels (Letourneau et al. 1996).

However, community-level profiles (richness and abundance of herbivores and natural 
enemies) in commercial tomato fields under organic and conventional management were 
 significantly different despite the wide range of specific farming practices and conditions 
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 represented within these management categories (Letourneau and Goldstein 2001). Organic 
farms had a more diverse arthropod fauna than conventional farms, with the average for five 
30-s vacuum samples per farm yielding about 40 arthropod morphospecies in conventional 
tomato and 66 morphospecies in organically managed tomato. Natural enemies (parasitoids 
plus predators) were almost twice as abundant on organic compared to conventional farms.

Conventional tomato fields received seven times as many insecticide sprays as organic 
fields (Letourneau and Goldstein 2001), and the application frequency, spectrum of toxicity 
and persistence of pesticides was inversely associated with some of the prominent natural 
enemies. Fields managed with cover crops or annual weeds over the winter wet season had at 
least a magnitude higher abundance of these parasitoids and flea beetles than did fields that 
were kept in bare fallow (no vegetation). Vegetative fallow practices, which maintained vegeta-
tive cover during the wet season, may have perennialised the crop habitat to allow continuity 
of certain arthropod populations through the year. Natural enemies are often enhanced in 
perennial crop habitats and in vegetative fallow compared to annual crops disrupted by bare 
fallow (Honek 1997). However, insecticide treatments could disrupt the potential stability 
gained by local vegetational cover. In general, practices used more often on organic farms, 
such as cover cropping and low intensity pesticide treatments, were associated with increases 
in parasitic wasps (primary source of variability among farms) and more predators.

Clearly, the avoidance of synthetic insecticides and fungicides in organic tomato produc-
tion did not reduce yields by the predicted 36% (Agricultural Issues Center 1988). Indeed, in 
both the SAFS experiment and the field surveys, there were no significant differences in pest 
damage between CNV and ORG treatments. Arthropod communities were not monitored in 
the SAFS experiment, but substantially different arthropod community profiles in ORG v. 
CNV farmers’ fields (species diversity of herbivores and abundance and species diversity of 
natural enemies) suggested that natural biological control on ORG farms may be compensat-
ing for pesticide inputs in CNV operations. Whereas specific management practices and land-
scape characteristics of ORG and CNV farms were associated with abundance patterns of 
specific pests and natural enemies, these management schemes were generally robust to 
variable pest control challenges on individual farms.

Conclusions
For any given combination of crop, location, labour and capital availability conditions there 
are potentially several optimum crop protection strategies. Different crop production or pro-
tection strategies include schedule-based prevention, integrated pest management, organic, 
traditional, biodynamic, biological or ecological practices. Alternative strategies may rely on 
fundamentally different conceptual approaches, yet also function as viable suites of best man-
agement practices for crop production. Andow and Hidaka (1989) demonstrated the idea of 
such ‘syndromes of production’ using Shizen and conventional rice farming management 
schemes, and show that qualitatively different sets of integrated practices can produce favoura-
ble outcomes in terms of yields and profit. We suggest here that for most conventional crop 
production systems in most locales, viable alternatives, including organic agricultural schemes, 
either already are in practice or are possible. To support and develop alternative crop protec-
tion schemes that are economically, socially and environmentally sustainable, alternative lines 
of research, price supports, agricultural policies, and land-use practices may need to be 
embraced. To optimise crop protection in organic agriculture, research should be geared to 
defining and accessing suites of crop production materials and practices that work in concert 
as a favourable production syndrome (sensu Andow and Hidaka 1989). We suggest four key 
research areas for crop protection improvement in organic agriculture.
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Future research directions
Knowledge banks from natural systems studies and comparisons with agroecosystems
The application of ecological principles to pest regulation in agroecosystems is extremely impor-
tant for advancing crop protection through ecosystem services. However, the staggering amount 
of diversity in habitats and life histories among pests and pathogens defies any strict adherence to 
generalities. Therefore, technological advances in data management and expert systems can now 
be used to synthesise detailed results from relevant ecological studies as a basis for making 
specific decisions in pest management. Further, the degree to which results from ecological 
studies in natural systems can be transferred to understanding plant–arthropod, disease–host, 
and predator–prey interactions in agroecosystems is, for the most part, speculative. Future com-
parative studies between natural and managed habitats are needed to test common assumptions 
(Barbosa 1998) and create a realistic set of goals and practices for organic growers.

Development of cultivars suited to organic farming conditions and needs 

Breeding for resistant cultivars under organic management conditions should be a high 
priority. Herbivores that exploit cultivated varieties often encounter resources that differ in 
fundamental ways from the plants’ wild relatives. Attributes that have arisen out of a selection 
process for enhanced productivity and palatability under conventional conditions tend to 
increase the crop’s suitability as a host for phytophagous arthropods and pathogens. First, 
compared to their progenitors, crop plants can contain lower levels and simplified suites of 
antiherbivore defences (Kennedy and Barbour 1992), can possess a more uniform genetic 
composition, and may experience lower levels of plant stress. Second, the presentation of these 
plants to herbivores and pathogens differs from the conditions found in most of the communi-
ties of their wild relatives in its tendency for uniformity in species composition, age distribu-
tion of the population, and structural pattern. Each of these factors contributes to the need for 
research into optimised plant resistance in different management contexts and cropping 
systems.

Optimisation of production of healthy seed and vegetative propagating materials
Organic crop production can be very successful provided that healthy seed and vegetative 
propagating materials are used, since the options for intervention are limited once the crop is 
in the field. The best option would be to produce seeds and vegetative materials in pest and 
disease-free areas (i.e. in isolated regions with arid climates). However, organic agriculture 
may not be well established in such regions, and facilities for tissue culture and seed health 
testing may not be available, for example in northern Africa. A combination of biological, 
social and economic research would be needed to optimise the production in such regions in 
close collaboration with local farmers. Additional research would be desirable to develop and 
test plant extracts and microbial communities for biological control of seedling diseases, and 
to formulate these products so that they can be approved by organic certification agencies.

Assessment of the role of landscape factors for colonisation of pests, pathogens and natural 
enemies

Vegetation at the field margin or in surrounding areas serves as coloniser sources for mobile 
pests, vectors, and pathogens. The degree to which organic crop fields are colonised, exploited 
and damaged may depend upon the quality of these source pools. Vegetation management 
may reduce pest and pathogen levels directly or may serve to stabilise and enhance predators 
and parasitoids for biological control of crop pests. Rigorous analyses of landscape-scale phe-
nomena, though recognised as critical for decades (e.g. a ‘wide-area view’ sensu Rabb 1978), 
are only recently becoming feasible with new geographical information systems capabilities 
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(e.g. Marino and Landis 1996, Letourneau and Goldstein 2001, Thies et al. 2003) and metap-
opulation dynamics models.
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Introduction
Like all farmers, organic farmers look for the best varieties for their farm conditions. The pool 
of varieties to choose from consists, in many cases, of ‘conventional’ varieties, bred for conven-
tional agricultural systems in which high levels of artificial fertilisers and agrochemicals are 
widely used to control or overrule external factors. For such farming systems, conventional 
plant breeding can aim at optimising yield at high input. As organic farmers refrain from such 
chemical inputs, it seems logical that requirements for varieties suitable for organic farming 
systems should be based on optimising yield at lower input and stabilising yields under less 
controllable conditions. Most variety trials, though, show that the organic sector can profit 
from the progress in plant breeding and that modern varieties also fulfil some of the impor-
tant needs of organic farmers (Stöppler et al. 1989). Not only has the yield potential of varieties 
increased but also the level of disease resistances has improved in some crops, such as tomato 
(Williams and St Clair 1993).

That many organic farmers in developed countries use modern varieties does not imply 
that those varieties are the best ones for organic agriculture. Given that attention is often 
focused on developing other agronomic areas of their farming systems, organic farmers have 
long accepted their dependence on conventional breeding. However, now more attention is 
being paid to the question of how to develop better-adapted varieties for organic farming 
systems. This question is even more urgent since genetic engineering has become important in 
conventional plant breeding and being dependent on conventional breeding would therefore 
no longer be an option. The organic sector realised that it is not only concerned about the 
variety traits as such but also about how varieties are bred and propagated, and thus whether 
breeding and propagation methods comply with both the ecological and ethical principles in 
organic agriculture (Bullard et al. 1994).

Such principles applied in the organic sector can be reflected in the concept of ‘natural-
ness’, which encompasses three approaches: 

1 the non-chemical approach; 
2 the agroecological approach; and 
3 the ethical approach in which the integrity of life is taken into account (Verhoog et al. 

2003).
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To arrive at varieties and seeds produced in accordance with the needs and principles of 
organic agriculture the whole plant breeding and propagation chain will need additional 
research efforts and practical steps (Figure 5.1). It involves both defining crop ideotypes, and 
screening and selection of existing varieties for propagation, and in situ conservation of genetic 
resources, developing crop ideotypes and selection criteria for breeding programs, including 
registration and maintenance activities.

As the development of each new variety takes at least ten years and a lot of resources, the 
development towards varieties adapted to organic farming conditions will have to be taken in 
steps (Table 5.1).

Screening & 
propagation of 

existing varieties 

Breeding of 
new varieties

Farmers’ 
participation

 

 

Assessment in 
field trials 

Propagation of 
selected varieties  

Screening and 
selection of 

current varieties 

Cultivation 

 

Crop ideotype/ 
selection criteria 

Maintenance and 
propagation 

Crop ideotype/ 
selection criteria

Registration 

 

Conservation of 
genetic resources

Crossing and 
selection 

Figure 5.1 A flow chart of organic plant breeding and propagation.

010602•Organic Agriculture 3pp.i124   124 30/4/06   4:44:09 PM



Organic plant breeding and seed production: ecological and ethical aspects 125

The first step in the short run is to define desired characteristics and select the best per-
forming varieties from the existing assortment. The second step in closing the organic produc-
tion chain is stimulating organic seed production of the above selected varieties. This is forced 
in Europe by the EU regulation 2092/91 that allows no more derogation (i.e. formal substitu-
tion of an organic input with a conventional input where no organic input can be found) for 
the use of conventionally propagated seed from 2004 onwards. This counts for those crops 
with already sufficient number of varieties appropriate for organic farming. Similar regula-
tions have been enforced in the United States of America (USA) as part of the National Organic 
Program (NOP) (Sundrom 2004). Another important step is to influence the national proce-
dures and protocols for testing of varieties for value for cultivation and use (VCU) and the 
release of new varieties, which is important to enlarge the chance of varieties entering the 
market with traits that are important for the organic sector. The step for the long run is devel-
oping breeding programs for the improvement of varieties adapted to the requirements of the 
organic food production.

For rapid and balanced progress in all these steps it is important to involve all stakeholders 
(farmers, traders, breeders, policy makers) in a participatory way in (research) projects to 
develop appropriate concepts and strategies and to solve practical obstacles (Lammerts van 
Bueren et al. 2003a; Peerenboom 2004).

Table 5.1 A time schedule for steps and results towards organic varieties and seed production

Time Approach Acti�ity Product

Current (2005)
↓

(Primarily) non-
chemical approach

Defining desired traits
Variety screening

Refrain from 
postharvest, chemical 
seed treatments

No use of transgenic 
engineering

Untreated seeds from 
conventional varieties

Short-term (2005–10)
↓

Non-chemical 
approach

Including an 
agroecological 
approach

Organic propagation
Organic seed 
treatments

Conventional 
varieties, but 
organically 
propagated (organic 
seeds)

Mid-term (2010–20)
↓

Non-chemical 
approach

Agroecological 
approach

Organic VCU-testing 
protocols

Conventional plant 
breeding programs 
including some low-
input selection criteria

Low-input varieties

Organically 
propagated (organic 
seeds)

Long-term (beyond 
2020)

Non-chemical 
approach

Agroecological 
approach

Including the concept 
of integrity of life

Breeding/selection 
and maintenance 
under organic farm 
conditions

With techniques that 
allow crossing, 
pollination, 
fertilisation and seed 
formation on the 
whole plant itself

Organic varieties

Organic seeds
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In this chapter we specify the need for better adapted varieties, and describe possible eco-
logical and ethical approaches to develop such varieties, and the attempts made to develop 
organic propagation of varieties to close the chain and refrain from conventionally produced 
inputs.

Variety characteristics
Variety choice in organic farming is an essential factor of successful production. But there is a 
significant lack of information on the performance of varieties under organic conditions. As 
conventional plant breeding aims at optimising yields under high inputs, the conventional 
variety testing selects for high performance under high input conditions. As the diversity of 
organic farming systems and conditions is large and results in a larger genotype–environ-
ment–management (G × E × M) interaction than in conventional agriculture, the organic 
farmer is more interested in varieties that have the ability to adapt to variable conditions and 
perform well with stable yields in different years at the specific site. In many countries there 
are variety trials under organic conditions but not for every crop and every year. Some are con-
ducted by farmer groups, others by research stations or by commercial seed companies.

Yield stability and plant health
Long-term trials show that yields fluctuate much more in organic agriculture than in conven-
tional agriculture. This is reflected by a larger coefficient of variation (Lammerts van Bueren 
et al. 2002, EFRC 2004). For some crops this year-to-year variation has become one of the most 
important factors that limits the growth of the organic market share (Spiertz 1989, Raupp 
1996, Tamm 2000, Mäder et al. 2002). To reduce risks and increase yields the organic farmer 
first of all aims at system stability. That can be done through improving agronomic strategies 
and selecting appropriate varieties. For many crops one of the limiting factors influencing 
yield stability is the suitability of the available varieties. Organic farmers would rather have a 
variety with a reasonable yield and good stress tolerance than a variety that promises higher 
yield but largely loses that yield increase because of, for instance, disease susceptibility. Reliable 
varieties are those that can cope with unfavourable weather and soil conditions (e.g. f luctuat-
ing mineralisation rate of nutrients, assessed over several years). Farmers look for varieties that 
are, in general, more flexible and robust to support the self-regulating capacity of the organic 
farming system.

Conventional breeders often think that organic farmers require an absolute disease resist-
ance, but in many cases tolerance or partial resistance can be sufficient. Organic farmers are 
used to searching for ways to reduce risks by an array of solutions at different levels (farm, 
crop, variety) and also adopt such a strategy in their search for appropriate combinations of 
supporting variety characteristics. There are different variety characteristics that support yield 
and yield stability through optimal plant health (Table 5.2). Plant health can be defined as a 
result of the following components: 

1 escape – the crop is not exposed to a certain pest or disease; 
2 resistance – the crop is exposed to the pest or disease but is not affected; 
3 tolerance – the crop is affected by the pest or disease, but with a limited effect on the yield; 

and 
4 ability to recover – the affected crop is able to recover to a certain extent.

Product quality
In the organic sector, the non-chemical approach also has effects on traits concerning product 
quality, such as long-term storability without chemical sprouting inhibitors for onions 
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(Lammerts van Bueren et al. 2004b) and potato. In the case of fruit, a skin with a sufficiently 
thick natural wax layer, instead of a skin coated with synthetics, can positively influence longer 
storability. Organic bakeries try to avoid synthetic additives in the bread-baking process, but 
then require varieties with high baking quality and still sufficient yield under lower input con-
ditions (Kunz et al. 1995; Kunz 2000; ITAB 2001; Welsh et al. 2001). Another aspect of quality 
is taste. Sensory qualities, such as taste, are not only a result of environmental and manage-
ment factors but also of genetic influences. Although sensory quality has been added to organic 
breeding programs of carrot (Hagel et al. 2000), genetic variation for quality traits has not yet 
been fully explored.

Crop ideotypes
Priorities for required traits differ for each crop and market sector. To improve the communi-
cation between farmers, traders and breeders, crop ideotypes should be elaborated and 
designed for each crop. In the short run such crop ideotypes can contribute to a more adequate 
selection of appropriate varieties among the existing assortment of conventional varieties. But 
they are also necessary to achieve selection criteria for new varieties from breeding programs 
specifically focused on low-input and organic agriculture (Osman and Lammerts van Bueren 
2002). Organic crop ideotypes have many selection criteria in common with conventional 
required traits, such as disease resistance and high yielding ability. The difference is that varie-
ties for organic farming have to be able to perform well under low-input conditions. Another 
difference is additional supporting characteristics for plant health and yield potential, such as 
long stems, the ears being high above the flag leaf, and the ears not too compact. But also a 
characteristic such as a long stay green index for the top leaves in wheat is very important to 
enhance photosynthesis during the final phase of grain filling (Lammerts van Bueren et al. 
2002).

Table 5.2 Variety characteristics supporting plant health in organic crop production

Mechanism Variety characteristics

Escape Shorter crop growth period and/or early ripening to be able to avoid the 
critical infestation period, or to have enough yield before the infestation 
becomes too severe (potato/late blight; onion/downy mildew; carrot/carrot 
fly)

Resistance One or more monofactorial and multifactorial, durable resistance traits 
against pest and disease affecting yield and/or quality (scab/apple, late 
blight/potato, lettuce/downy mildew, yellow and brown leaf rust/wheat); 
weed competition by an allelochemical ability

Tolerance Morphological or physiological traits to support reducing the risk of a rapid 
expansion of the infestation, such as for cereals: long stem, ear high above 
flag leaf, ear not too compact; leaf erectness/onion; hairy and tougher 
leaves against aphids/potato; wax layer on leaves against fungi/onion/
cabbage.

Stress tolerance in general by good adaptation to low(er)-input and organic 
inputs, ability to cope with fluctuating N-dynamics, efficient capturing of 
water and nutrients, deep and intensive root architecture; ability to interact 
with beneficial soil microorganisms, like mycorrhizae and atmospheric N-
fixing bacteria; efficient nutrient uptake and high nutrient use efficiency.

Plant architecture for early soil cover and more light-competition. 
Good combining ability in variety and species mixtures

Recovering ability Good ability to recover from mechanical harrowing/cereals; high seedling 
vigour, fast and high germination percentage; deep and intensive root 
architecture
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It is important that the crop ideotypes have been designed with participation of farmers to 
include all practical experience as much as possible.

Variety testing
In many countries, especially in Europe, trading of seeds of varieties of arable crops is regu-
lated, which means that varieties should be registered on a national variety list, a European list, 
or a list of another country. To become listed, the variety should be tested using the so-called 
VCU protocol by a designated institution and shown to outperform existing varieties. Such a 
conventional protocol is designed for testing varieties under conventional farming conditions 
and could, therefore, impede the introduction of new varieties with specific low-input traits 
that are not included in such a protocol. Another critical aspect is that some traits required for 
organic farming systems are not expressed under conventional conditions, such as nutrient 
efficient use of organic fertilisers.

Research organisations in some countries, for instance Austria, Germany, Switzerland and 
the Netherlands, have recently been successful in influencing the protocol for testing cereal 
varieties for the organic sector by including traits important for evaluation for organic farming 
systems and criteria to select research sites (Bonthuis et al. 2004; SUSVAR 2004). Official 
authorities have adopted such a protocol, and they are engaged in a process to allow VCU 
testing for cereal varieties under organic conditions. As most of this VCU testing is being 
financed as a research project that aims to compare the results with those gained under con-
ventional testing, the future of this testing is uncertain. 

Seed production
Organic seed production is still largely a missing link in the organic food production chain. 
Establishing organic seed production is also part of the process of developing new selection 
criteria for new varieties, from plant breeding, via maintenance to release and propagation of 
varieties. Although there have been many small-scale farmer initiatives to propagate varieties 
organically, large-scale use and production of organic seed production is still in its infancy. 
Some commercial companies have entered this market, but still not all existing or desired vari-
eties are or can be propagated organically for technical or economic reasons (Van der Zeijden 
2003). The two questions associated with organic seed production are: 

1 which varieties should be propagated; and 
2 how should it be done?

The first question is largely answered in the former paragraph, the second one will be addressed 
by discussing diversity, technical aspects and seed quality standards.

Di�ersity of �arieties
In Europe and the USA, regulations no longer allow derogation for the use of conventionally 
propagated seeds of crops for which a sufficient assortment of organically propagated varieties 
and seed is already available. As this seed assortment usually consists of a minimum number 
of varieties, it has immediate consequences for the diversity of varieties that can be used in the 
organic sector and creates tension between short and long-term goals in the organic sector. 
There is the need not only to close the organic food supply chain as soon as possible to increase 
accountability for consumers, but also to have a diversity of varieties to meet the requirements 
of different market sectors and farming conditions.

There are roughly two groups of farmers involved in this difficult area. The first is those 
small-scale farmers who focus on the local market with the use of local and old varieties, the 
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so-called conservation or heritage varieties. Often, such farmers care for a community-based 
and participatory seed production and exchange system to conserve the local varieties or 
maintain old varieties that are suitable for low-input conditions. These farmers are threatened 
by restrictions from the new regulations because many of those conservation or local varieties 
are not officially registered and/or not propagated organically. When they want to save their 
own seeds from modern varieties they have to deal with restrictive regulations on farmers’ 
rights for saving their own seed.

The second group is large-scale farmers who produce for supermarkets and have to meet 
specific quality and uniformity requirements. These farmers depend largely on modern, hybrid 
varieties of commercial seed companies and on the breeding policy of such companies. For 
economic reasons, not all companies are willing to enter the relatively small, organic market 
and produce all the desired varieties organically. Those who do take part in organic seed pro-
duction produce only a limited assortment, which constrains the choice compared with the 
larger assortment of conventionally propagated varieties. During the first World Conference 
on Organic Seed, held in Rome 2004 (IFOAM 2004), it was recognised that there are large dif-
ferences between countries with and without a large critical mass of organic products and 
organic seeds. It can, for instance, restrict seed export from developing countries, where the 
commercial viability of organic seed is lacking and seed certification is not existent, to coun-
tries in Europe with strict regulations on the use of organically propagated seeds. A careful 
transitional period for shifting from conventional to organic seed is necessary.

Technical aspects
As organic farming systems refrain from the use of chemical protectants, it is even more 
important that seed and planting material is of high quality as these form the basis of crop pro-
duction. The development of high quality propagating material requires the development of 
specific expertise on aspects of seed production including technical knowledge, choice of 
location and varieties (Lammerts van Bueren et al. 2003a).

The main problems in organic seed production are: nutrient management, disease and pest 
management, and weed control. Among the seedborne diseases in particular require special 
attention. To reduce the risk of disease infestation, optimal climatic conditions and thus the 
location for seed production can be important (Dornbusch et al. 1992; Velema 2004). In some 
cases seed production should be located in warmer and drier climates, away from the areas of 
origin and destination.

However, optimising organic seed production not only requires adapting cultural practices 
as mentioned above, but also that specific attention needs to be paid for variety traits during 
seed production. This applies especially to biennial vegetable crops, which can build up disease 
pressure in the first year and then suffer from a continued increase of disease pressure during 
seed formation in the following year. Another aspect that influences the success of organic 
seed production is that some parental lines of hybrids have reduced growth vigour and, there-
fore, are susceptible to biotic stresses including diseases. This implies that growth vigour as a 
variety characteristic is even more important in organic seed production than in conventional 
seed production.

Seed quality standards
Organic seed production without chemical inputs is a challenge for seed producers. The usual 
criteria for conventional seed quality also apply to organic seed: physical and genetic purity, 
absence of weed seeds, and a minimal requirement for germination. In some cases it is not 
always possible to produce seeds without a certain degree of contamination with diseases. 
Several methods can be applied to improve the seed quality. One method is grading and sepa-
rating infected seeds from healthy seeds by selecting based on seed weight or size, as known in 
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the case of Fusarium on cereal seeds. For some seedborne diseases additional postharvest, non-
chemical treatments are needed, such as hot water or hot air treatments (Forsberg et al. 2000). 
However, more research is needed to optimise such methods to reduce the risk of damaging 
the seed (Jahn et al. 2004). Next to these physical treatments, disinfecting coatings with natural 
compounds are being developed, such as organic acids (mustard powder) or essential oils 
(thyme oil) (Groot et al. 2004). In seed potato there are positive results with treatments against 
Rhizoctonia solani with the antagonist Verticillium biguttatum (Hospers 1996).

For some crops there is no problem in meeting the quality standards as required for con-
ventional seeds, but in some cases the thresholds for seedborne diseases are adjusted (Nielsen 
2003; Lammerts van Bueren et al. 2003a; Girsch and Weinhappel 2004). In some countries the 
recommended tolerances or thresholds for some diseases are lowered. In Austria, for instance, 
the threshold for Fusarium nivale has been adjusted from 20% in conventional agriculture to 
10% for the organic sector. In the Netherlands, the level of permitted contamination in organic 
seed potato has been lowered from 25% (conventional) to 10%. A lower threshold is also set in 
other diseases, for example, in Austria, 10% is permitted for Septoria nodorum in cereals, 
compared with 20% previously.

Plant breeding

Genetic di�ersity
Modern varieties have been developed with the aim of combining high productivity and 
uniform product quality under high input conditions. The situation concerning the G × E × M 
interaction is different for organic farming systems and thus, the goal for breeding programs. 
First, under low-input conditions farmers have to cope with more biotic and abiotic stresses 
and larger environmental variation within and between farms, so the E is high. Second, an 
organic farmer has fewer means to overrule that variation, so the M is low. This has conse-
quences for the genetic input (G) and the demands on varieties are therefore higher (see Yield 
stability and plant health). Organic farmers search for new varieties that possess a combination 
of required characteristics to increase yield stability under low-input, organic conditions. The 
question is how breeding can contribute to adapting crops and varieties to the organic, lower-
input environment by improving the inherent buffering capacity of the farm system, and 
thereby, yield stability.

Modern varieties, such as those available for wheat, commonly lack the ability to adapt to 
different and changing environments, including drier regions with less fertile soils such as 
southern Australia (Kitchen et al. 2003). The tendency in conventional breeding is to select for 
single genotypes that have general adaptation to a large area where the variation in environ-
ments largely can be overruled by high inputs. Such varieties are ‘generalists’ and are not nec-
essarily superior for nor adapted to a specific environment. As organic farming systems have 
fewer means to overrule agrodiversity, the variation in environmental conditions is larger, and 
therefore the need for a larger variation of so-called specialist varieties exists. But developing 
specialist varieties is difficult to achieve economically. Second, organic varieties need a certain 
degree of buffering capacity, which means that the conventional pedigree line breeding may 
have its limits on the performance of crops, such as wheat, in organic agriculture. Next to that 
problem, the current new varieties are mostly derived from a limited number of parental lines 
and are thus genetically closely related to each other. 

The genetic base for an organic breeding program should be broadened and newly estab-
lished. This aspect of broadening the base is even more important when searching for adapta-
tion to organic farming. A broader genetic base can be achieved by creating composite cross 
populations followed by selection under organic farming conditions. In composite crosses 
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many selected varieties are intercrossed and all the hybrids are bulked together for propaga-
tion. Those selected crossing parents can consist of not only modern high-yielding varieties, 
but also varieties bred before 1960 (before the period of high inputs) that are capable of more 
efficient nutrient uptake under low-input conditions, and from old landraces as a source for 
adaptability. This approach can form the base for further selection of individual, superior gen-
otypes and lines as potentially new and better adapted varieties. We can also expect to select 
individual lines with a good combining ability for variety mixtures.

Variety mixtures formed by three or four existing varieties or extracted from composite 
cross populations are a simple and effective way of increasing the genetic diversity within a 
crop and improving yield stability (Finckh et al. 2000; Welsh and Wolfe 2003; Wolfe 2003). 
Mixtures can overcome several agronomic problems, through combining, for instance, high 
yielding types and types with a good baking quality and weed suppression in wheat. Research 
by conventional scientists indicates that there are areas of common interest to both organic 
and conventional plant breeders, for example, crop traits related to competitiveness against 
weeds (Lemerle et al. 1996) and soil-borne disease prevention (Smith et al. 2004).

However, any breeding strategy of restoring and enlarging functional genetic diversity 
requires reconsideration and adaptation of the legal and administrative frameworks. The reg-
ulations for registration are still based on the pure line practice. However, the market must be 
prepared to accept heterogeneous crops and products.

In situ and on-farm conser�ation of genetic resources
In order to maintain greater genetic diversity in situ and a wide gene pool to improve genetic 
resources for the organic sector, seeds from the formal (institutionalised or commercial) and 
informal (farmer-based) seed systems should be accessible to local and national breeding 
programs. There is a pronounced need to identify appropriate genetic resources either for 
direct use or as potential parental lines in breeding programs (Lammerts van Bueren et al. 
2004a). There are well-organised initiatives dealing with in situ conservation of genetic 
resources in connection with organic agriculture, for instance ProSpecieRara in Switzerland 
(www.psrara.org), Arche Noah in Austria (www.arche-noah.at), the Seed Savers Exchange in 
the USA (www.seedsavers.org) or the Seed Savers’ Network in Australia (www.seedsavers.net). 
The advantage of in situ conservation of genetic resources is that the accessions can coevolve 
and adapt to organic farm conditions.

Evaluating and exploiting gene bank material can be of use because required characteris-
tics might have disappeared by selection under modern, high input conditions, such as low-
input tolerance and deep or intensive root architecture (Foulkes et al. 1998; De Melo 2003). 
This is a relatively low cost method to develop valuable accessions.

Participatory selection
As the formal seed sector cannot start breeding programs for limited acreage of organic agri-
culture easily, alternative options should be developed to enhance varietal diversity. Decen-
tralised and farmers’ participatory approaches are known in developing countries and can 
offer an opportunity to combine knowledge and expertise of the organic farmers and that of 
formal breeders. Farmers can select in existing open-pollinating varieties or take part in the 
selection process of new crossings or developing base populations (see Genetic diversity).

There are different approaches to involving farmers in the breeding process (Ceccarelli 
2000; Morris and Bellon 2004). In the traditional farmers’ breeding model, farmers conduct 
the whole process of: 

1 selection of source germplasm; 
2 trait identification (prebreeding); 
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3 cultivar development; and 

4 varietal evaluation.

In a complete participatory breeding model farmers are involved in all four activities in co-
operation with breeders with a commercial or institutional background. On the other side 
there is the scientific breeding model completely conducted by the formal breeders. Morris 
and Bellon (2004) described other two approaches: the efficient participatory breeding model, 
in which formal breeders involve farmers in the phase of selecting source germplasm and in 
the end phase of evaluating potential varieties; and the participatory varietal selection model, 
in which farmers deal only with varietal evaluation. In the Netherlands, there is a long tradi-
tion of cooperation between the formal potato breeding sector and farmer breeders. Farmer 
breeders with their daily practical experience and developed intuition (farmer’s eye) are 
involved in selecting the germplasm for new combinations together with the formal breeders. 
The formal breeder conducts the complex crossings between wild relatives and modern varie-
ties, and offers the interested farmer breeders the seedlings for further selection during three 
years. The most promising phenotypes are delivered to the formal breeder or breeding company 
which will conduct further testing to see if it can end up in a variety (Van der Zaag 1999). Also 
organic farmers are involved in this participatory potato breeding system.

Benefits derived from new varieties bred by farmers require a legal system of common 
ownership that allows equitable access and benefits sharing. In many countries there are 
examples of networks of organic farmers and breeders that provide such a system (Henatsch 
2002; Rios Labrada et al. 2002; Ramos Garcia et al. 2004).

Genetic modification, in vitro techniques and ethics
In ethical discussions about the application of modern biotechnology techniques, it is genetic 
engineering that attracts the most attention. A distinction is made between extrinsic argu-
ments, dealing with the consequences of making genetically modified organisms (GMOs), and 
intrinsic arguments about the technology itself. There is in general much discussion about the 
meaning and validity of the intrinsic arguments, which are also dominant in the rejection of 
GMOs by the organic sector.

In ethical committees and public debates the emphasis is on the so-called extrinsic 
concerns: the risks for human health, for animals and for the environment. Most methods of 
risk analysis look only at the consequences and the effects of genetic engineering within the 
framework of a utilitarian ethics (weighing costs and benefits).

The intrinsic concerns deal with the technology itself rather than the consequences. Intrin-
sic objections are that genetic engineering is ‘unnatural’, or violating the dignity or integrity of 
plants and animals. These arguments are much more controversial, especially for those scien-
tists and ethicists who consider extrinsic arguments to be more value-neutral and objective.

The intrinsic concerns, however, get more support from non-utilitarian ethicists, who refer 
to human virtues (virtue ethics). These virtues, such as humility and respect for (the intrinsic 
value of) nature or life, are important in people’s basic attitudes towards nature. This ethics of 
integrity is related to a biocentric ethical theory, in which all living organisms have a value 
(good) of their own, related to their species-specific or characteristic ‘nature’. To say that a 
living organism has intrinsic value means that it has a value, which goes beyond its instrumen-
tal value for human beings. A living organism should never be reduced to a mere object for 
human use, as if it would be morally indifferent. See Verhoog et al. (2004) for an overview of 
these different theories. In the next section we will describe why biocentric ethical theory and 
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intrinsic concerns are central elements in the rejection of genetic engineering by organic 
agriculture.

Why organic agriculture rejects the use of GMOs
The International Federation of Organic Agriculture Movements (IFOAM 2002) is opposed to 
genetic engineering in agriculture in view of the unprecedented danger it represents for the 
entire biosphere and the particular economic and environmental risks it poses for organic pro-
ducers. The reasons mentioned by IFOAM can be clustered into three groups:

1 Risks for human health and the environment
— negative and irreversible environmental impacts
— release of organisms that have never before existed in nature and which cannot be 

recalled
— pollution of off-farm organisms
— unacceptable threats to human health.

2 Socioethical reasons
— pollution of the gene pool of cultivated crops, microorganisms and animals
— denial of free choices, both for farmers and consumers
— violation of farmers’ fundamental property rights and endangerment of their 

economic independence.
3 Incompatibility with the principles of sustainable agriculture.

Risks for human health and the environment

The rejection of GMOs in organic agriculture is based more on a different perception of risks 
than upon the presence or absence of scientific proof that risks exist objectively. The percep-
tion of risk from an organic perspective is based on a holistic view of life.

According to the IFOAM EU Group (2003), ‘We also view this technology as inherently 
risky, because it is based on the reductionist scientific principles that have been shown to be 
flawed and are increasingly discredited’. Some of the reasons why genetic engineering is con-
sidered to be a risky technology by organic agriculture proponents include:

•	 The gene constructs used are synthetic constructs. The introduction of pure DNA would 
lead to its rejection by the receiving organism. The production of synthetic constructs is 
needed to have any effect. Whether they work or not is tested in a trial and error process.

•	 The low efficiency (rate of success) of the technology.
•	 The introduction of foreign DNA leads to many unintended and unexpected effects (Rist 

2000).
•	 Genetic engineering (and the risk analysis, currently used by scientific committees) is 

influenced by the belief in genetic determinism, which is only part of the truth. Non-
genetic, epigenetic influences during the development of the organism as a whole have 
shown to be as important as or even more important in some cases than the influence of 
DNA. The expression of DNA in the genome is much more dynamic than previously 
thought.

•	 Reductionist approaches to problems in agriculture are seen as symptomatic treatments. 
There is evidence of the resistance of insects to the pesticides used in combination with 
GMOs, or to Bacillus thuringiensis that is used in insect-resistant GMOs (Stix 1998, 
McDonald and Linde 2002).

It is the dynamic complexity of the organism or ecosystem as a whole that leads to unpre-
dictability and unintended effects. The stability of the gene constructs and the controllability 
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of the technology cannot be guaranteed. From a holistic point of view, genetic engineering is 
based on a way of thinking that is characteristic of the physicochemical sciences. By formulat-
ing the question of risks in terms of holistic risk perception, the argument turns from an 
extrinsic one into an intrinsic one.

Incompatibility with the principles of sustainable agriculture

This argument is problematic as long as these principles are not made explicit. Behind differ-
ent meanings of sustainability are different views on the human relation to nature. The appli-
cation of the industrial approach to living systems is felt to be ‘unnatural’ in organic agriculture, 
not fitted to the nature of living systems (Verhoog 2002/2003; Verhoog et al. 2003). In the 
industrial approach, the tendency is towards full control over nature (anthropocentric 
attitude); nature in some sense is eliminated. Its opposite is pristine nature, that is, untouched 
by human beings. But it is impossible to speak about ‘pristine nature’ in connection with agri-
culture, because every form of agriculture means interference in nature.

One way to describe the position of organic agriculture is to say that nature and culture are 
seen as two poles of a polarity relation, and both poles have to be cared for. We could call this 
the integration of nature and culture or agri-culture, but one that respects the independence, 
intrinsic value and autonomy of nature and of all living beings (biocentric approach). This 
manifests itself in various ways, which lead to further arguments against genetic engineering:

•	 The use of natural, rather than synthetic substances. The gene constructs put into 
organisms to create GMOs are synthetic constructs, not natural substances. The most 
important difference with traditional breeding is the direct interference in the genome of 
plants and animals by forcefully introducing artificial and synthetic gene constructs (that 
can only be created in an artificial environment in vitro). These gene constructs are 
human inventions. And in general (non-evolutionary time scales), the gene constructs 
contain genes that would never be transferred by natural means (transgenesis).

•	 Stimulation of the self-regulation of organisms and the ecosystem (using natural 
processes). In organic agriculture genetic engineering is seen as a technology that forces 
the organisms to do what humans want, instead of eliciting a reaction in which the natural 
entity retains its relative independence as a partner. Illustrative is the way humans have 
dealt with reproduction in the process of domestication of cows (and other domestic 
animals). Step by step (artificial selection – artificial insemination – embryo transplantation 
– genetic modification and cloning) the animal’s own role in reproduction, its 
independence, is taken away from it and brought under human control (Verhoog 2003).

•	 Respect for the specific characteristics (‘nature’) or intrinsic value of plant and animal 
species, (agro-)ecosystems and landscapes. This is another reference to the 
acknowledgement of the independence of nature, but now at a moral level. In this moral 
context also the word ‘integrity’ is used. Lammerts van Bueren et al. (2003b) explained 
that the integrity of plants refers to their nature or way of being, their wholeness, 
completeness, their species-specific characteristics and their being in balance with the 
species-specific environment. When integrity refers to the specific ‘nature’ of plants (or 
animals), different levels of integrity can be distinguished: integrity of life, plant-specific 
integrity, genotypic integrity and phenotypic integrity. With this moral instrument the 
authors have assessed different plant breeding and propagation techniques, to find out 
whether they respect the integrity of plants. The outcome is that techniques at DNA level 
(e.g. protoplast fusion, genetic modification) violate all levels of the nature (integrity) of 
plants. The conclusion is that genetic engineering is not compatible with the intrinsic 
value of plants.
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Our conclusion is that intrinsic arguments against genetic engineering are widely used in 
the field of organic agriculture. Such arguments usually rest upon a specific view of the human–
nature relationship, which includes cognitive, emotive and volitional elements. Cognitive 
elements refer to a holistic (non-reductionist) view of living organisms. Emotive elements refer 
to a biocentric attitude towards life in which living organisms are seen as partners that should 
be respected, with an intrinsic value. The volitional elements refer to ethical statements as to 
what should or should not be done in organic agriculture, taking other elements into account.

Respecting the integrity of plants can also have consequences for the application of other 
modern breeding and propagation techniques for organic breeding and propagation programs 
(Lammerts van Bueren et al. 2003b; Lammerts van Bueren and Struik 2004). It may imply 
that:

•	 reproductive barriers between species will be respected and not violated;
•	 in vitro techniques are not compatible with organic principles;
•	 sterility, such as cytoplasmic male sterility, will not be accepted in the end product 

(variety) without including restorer genes; and
•	 patents on life are not accepted.

These considerations are not yet implemented in the Basic Standards for Organic Produc-
tion and Processing of the International Federation of Organic Agriculture Movements and 
have only appeared as draft standards for 2002–2005 (see http://www.ifoam.org/about_ifoam/
standards/norms/draft_standards/draft_standards.html).

The use of molecular markers in organic breeding programs
DNA diagnostic techniques, which enable selection at DNA level, do not involve genetic modi-
fication. The techniques, which are usually based on biochemical and molecular markers, 
could therefore be used in organic breeding programs to supplement trait selection methods in 
the field, but their potential for organic agriculture has yet to be proven. Genotype–environ-
ment interaction is of primary importance in organic plant breeding, and markers can, in 
addition to field selection, contribute to assessing environment-specific performance of 
genotype traits. However, a point of attention is the techniques used with DNA diagnostics, as 
some of them include the use of radioactive isotopes and (cancer-inducing) chemicals, which 
are not used or permitted in organic agriculture.

Conclusion: research for organic breeding concepts and 
strategies
To explore and develop plant breeding concepts and strategies, selection criteria and breeding 
techniques for better-adapted and reliable varieties for the organic sector, further research is 
needed. The question is how plant health characteristics such as nutrient uptake and use effi-
ciency, weed suppression, disease tolerance, crop growth dynamic and yield stability interre-
late under organic growing conditions, and to what extent such characteristics are genetically 
determined. But the question is also how such characteristics can be transformed into field 
selection criteria and what the role of molecular makers can be in organic breeding programs. 
Because of the logistical problems conventional breeding companies would like to know what 
the benefit is of selecting under organic growing conditions. Do organic farmers need special-
ist varieties adapted to specific regional conditions or generalists with less G × E interaction?

The limited area under organic production will be a bottleneck for economic interest in 
establishing specific breeding programs for organic farming systems, especially concerning 
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small crops and low-yielding but important crops such as cereals and grain legumes. Govern-
ments should support public research and prebreeding activities. This also requires coopera-
tion on an international level. In due time the variety requirements for the organic sector will 
meet the needs of conventional agriculture moving in a sustainable direction, thereby reducing 
the dependency on high chemical inputs, and will then enlarge the focus of the breeding 
industry in a low-input direction for modern agricultural development. Common areas for 
research among organic and conventional plant breeders include nutrient uptake and crop 
protection strategies.
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Introduction
Biodynamic agriculture can be described as a comprehensive agricultural system on mixed 
farms, which should always involve crops and livestock. The system is based on respect for, and 
efforts in, gaining awareness of the spiritual dimension of all creatures and the inorganic envi-
ronment. Insights into this spiritual dimension (e.g. detailed descriptions of the spiritual char-
acter of animals, plants and physical elements or of planetary impacts) were given by Rudolf 
Steiner in 1924 (Steiner 2004). These descriptions should give farmers an orientation in their 
actions and awareness in order to evolve the agricultural system. Furthermore, the formula-
tion of specific preparations was given by Steiner as a particular new element in agriculture. 
Biodynamic agriculture incorporates the landscape and the ecosystem as essential parts of the 
whole. It minimises nutrient inputs from outside the farm through proper legume crop 
management.

General principles in biodynamic farming
Globally, about 3270 holdings in 35 countries and with an area of 104,000 ha are certified under 
the Demeter label. This means that they comply with both the relevant national organic farming 
standards and the international Demeter Standards (Demeter International 2003). There are a 
huge variety of enterprises on Demeter farms, covering anything from temperate arable farming 
to viticulture in France, cotton production in Egypt and silkworm breeding in China.

The intentionally individual design of life processes by the farmer, as determined by site 
conditions, is one of the basic tenets of biodynamic agriculture. This principle emphasises that 
humans have a responsibility for the development of their ecological and social environment 
which goes beyond economic aims and the principles of descriptive ecology.

The vision on which this principle is based is the individual design of the holding in the 
context of the complex interaction of all impacting factors. The pedosphere, ecosphere and 
landscape, as well as the atmosphere and the cosmic environment (apart from the sun, these 
are primarily the moon and the planets) form the natural basis. Crop plants, livestock, the 
farmer as well as the entire socioeconomic environment have an effect at all levels of this 
natural environment, are influenced by these levels, and thus form an intricate interrelation-
ship. A farm, therefore, becomes an ‘individuality’ in which the various factors, just like 
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organs, have specific functions and are interlinked through feedback relationships. Biody-
namic farming takes account of these interrelationships and tries to actively shape them into 
guided processes through a variety of management practices.

The prime objective is always to encourage healthy conditions for life. Soil fertility, plant 
and animal health, as well as product quality are to be maintained and continuously improved 
in a largely closed system by designing the individual farm enterprises and operations accord-
ingly. The following principles are based on the above objective. They represent implicit targets 
of the biodynamic method which are to be implemented on the holdings (Demeter Interna-
tional 2003). The Demeter International trademark indicates that produce is grown and proc-
essed in compliance with their standards. Not all biodynamic farms or gardens are associated 
with Demeter as an organisation. For farms producing under the Demeter trademark, the fol-
lowing principles are compulsory. However, for other farms producing biodynamically, these 
principles are guides, but are not always binding.

Mixed holdings
Arable farming together with livestock is a prerequisite of biodynamic management. There are 
special regulations for horticultural enterprises and perennial crops. A variety of enterprises that 
balance out each other’s one-sidedness are seen as a prerequisite for a healthy farm organism 
(Raupp 2000). The keeping of livestock, especially ruminants, is an essential element. Manage-
ment largely aims at closed nutrient cycles. The use of mineral nitrogen (N) fertilisers is prohib-
ited. Application of mineral calcium, potassium, phosphorous and magnesium fertilisers 
conforming to the Demeter Standards is permitted. It has been repeatedly shown that such man-
agement practices can indeed be sustainable (e.g. Kaffka and Koepf 1989, Reganold et al. 1993).

Varied site-appropriate crop rotations
A well-planned crop rotation is the basis for healthy plant growth and a fertile soil. Where crop 
rotations cannot be practiced (perennial crops e.g. fruit or grapevine), strips of cover crops 
with flowering plants are sown. A rhythmic alternation of nitrogen-fixing (e.g. legumes) and 
nitrogen-demanding plants (e.g. Brassicas), shallow-rooted (cereals) and deep-rooted plants 
(lucerne), soil-building (root crops) and soil-exhausting crops (cereals), or humus-building 
(fodder plants) and humus-destroying crops (root crops) utilises the effect of each preceding 
crop, enhances the formation of the soil structure and prevents crop rotation diseases. Legume 
cultivation for feed, as a grain legume or as green manure, is an indispensable part of the crop 
rotation (25–30%) in order to replace the required nitrogen (Koepf et al. 1976, Sattler and v. 
Wistinghausen 1992). An ideal crop rotation maintains a year-round green cover, improving 
soil fertility in the most sustainable manner, and preventing nutrient losses. 

Intensi�e organic fertilisation
Fertilisation does not aim primarily at feeding the plants but at enlivening the soil. This basic 
tenet of biodynamic farming requires intensive fertilisation using farmyard manure, composts, 
liquid manure, green manure and others. The use of farm-generated fertilisers varies with the 
crop grown and is targeted at growing high quality foods. For example, potatoes are given 
farmyard manure; vegetables receive only well-rotted composts. Organic fertilisers are treated 
with biodynamic compost preparations (see Biodynamic preparations) as standard practice in 
order to enliven the fertiliser as well as the soil. Regular applications of organic fertilisers serve 
to close and intensify nutrient cycles (Koepf et al. 1976).

Biodynamic preparations
To support and intensify the processes in the organic manure and in the soil, Steiner indicated 
six different preparations that should be added together to the manure (Sattler and v. Wisting-
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hausen 1992, Steiner 2004 5th lecture). Furthermore, Steiner (2004) introduced two field-
spray preparations that are used to support fertility and plant development at certain growth 
stages (Steiner 2004, 4th lecture). The compost preparations (formerly preparations 502–506) 
are all made from medicinal plants: yarrow flowers (Achillea millefolium), chamomile flowers 
(Chamomilla recutita), whole plant of stinging nettle (Urtica dioica), oak bark (Quercus robur), 
dandelion flowers (Taraxacum officinale) and valerian flowers (Valeriana officinalis). In most 
cases, these are stored in certain animal organ ‘sheaths’ (intestine, peritoneum, bladder) and 
fermented for a certain time buried in the soil or under the influence of air. The two field 
sprays are cow manure (‘horn manure’, formerly preparation 500) and quartz meal (‘horn 
silica’, formerly preparation 501), both buried in the soil in cow horns, horn manure during 
the winter, horn silica during the summer. After they have been dissolved in water and stirred 
rhythmically for one hour, these substances are sprayed on plants and soil (see also Raupp and 
König 1996, Wistinghausen et al. 1998).

Li�estock husbandry systems which fulfil the animals’ welfare requirements
Livestock husbandry, which is based on regarding the animals as beings with souls (Kremer 
2002) results in stricter standards than are normally applied. For example, the dehorning of 
cows is prohibited; breeding for isolated performance criteria is avoided (Baars et al. 2003) 
and the aim is to breed for longevity and lifetime yield. In this type of livestock husbandry 
ruminants, for example, are regarded as animals whose role is to utilise roughage. Breeding 
aimed at high milk yields, which can only be sustained with high concentrate inputs, is con-
sidered adverse to the animals’ welfare requirements. From the point of view of maturity, 
heifers for example, should be given sufficient time to develop prior to being put in calf for 
the first time. 

Food quality – the stuff of life
The production of high-quality food for people and animals is an implicit aim of the biody-
namic method (Steiner 2004, 4th lecture). The question as to how food quality can be defined 
is challenging for both practitioners and researchers, and has led to intensive development on 
quality assessment methods. Great importance is attached to differentiation and ripening 
processes in the production and processing of foods. 

Breeding locally adapted crop plant �arieties
Only biodynamic farming currently has its own organic plant-breeding programs, which aim 
to provide varieties that are suited to biodynamic cultivation and are efficient in their manage-
ment. This field of action is a key issue for biodynamic agriculture. In terms of breeding objec-
tives, the priorities are plant health, suitability of the respective environmental conditions, the 
ability to save seed and propagate them on-farm, as well as high food quality and yield (Müller 
et al. 2000, ABDP 2003).

Maintaining plant health
Starting with the use of plant protectants and management agents in accordance with biody-
namic standards, biodynamic farming uses further specific preparations. Steiner (1924, 6th 
lecture) recommended spraying horsetail tea (Equisetum arvense), in addition to the ‘stimulat-
ing’ preparations, to protect crops from fungal diseases. For pest regulation, the ashes of burnt 
specimens of the pest species are to be used (Bächi-Kunz 1985).

Cosmic rhythms
The annual rhythms and the rhythms of the moon, as well as those of the planets, are consid-
ered in sowing, planting, and harvesting and sometimes also for fertiliser applications (Steiner 
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2004, 1st and 6th lecture, Spiess 1990ab, Goldstein and Barber 2000, Spiess 2000, Thun and 
Thun 2004).

Low-impact soil management
Soil cultivation measures are predominantly carried out with the aim of enhancing soil fertil-
ity and soil processes, and controlling for weeds. Depending on location and crop type, biody-
namic farming uses all types of soil cultivation from ploughing to no-till agriculture.

Including the landscape
Landscape design as an element of farm management has always been considered in biody-
namic farming (Steiner 2004, 7th lecture). There is a growing awareness of the role of land-
scape design at the farm level (Bockemühl 1992, van Steensel 2000, York 2002).

Design of the social and economic setting
The concept of land ownership is increasingly being questioned on biodynamic farms and the 
land is no longer necessarily regarded as private property. Often it is transferred to charitable 
trusts or similar organisations. Ways that aim to build economic relationships between pro-
ducers and consumers based on the principles of mutual responsibility and respect are being 
pioneered. Agricultural work is also regarded as a therapeutic opportunity, and mentally 
handicapped or spiritually ill people, troublesome youngsters, addicts, and convicts are often 
integrated into the farm communities. The training of apprentices is of high priority, and in 
many countries there are comprehensive training courses or agricultural colleges that specifi-
cally teach biodynamic farming methods. Regular courses and seminars for working farmers 
are another field that is given much attention.

These guidelines leave much scope for each individual farm to work out its own strategy 
congruent with the living conditions in its surroundings. The farm individuality, to which 
much importance is attached (Steiner 2004), results from this detailed design. The manner of 
soil cultivation, the exact design of crop rotations, fertilisation regimes, choice of varieties, the 
apportionment of livestock categories, the balance between enterprises, the nature of social 
relationships on the farm and economic relationships with the customers are all-incumbent on 
the farmers and are not regulated. However, they are documented as part of the national Demeter 
inspections and are discussed and evaluated in professional journals, at regular association 
meetings and at an annual international conference in Switzerland (Goetheanum 2004).

Background – what are the roots of biodynamic farming?
The concepts underlying biodynamic agriculture relate in particular to the spiritual radiance 
of all earthly phenomena, including that of the inorganic pedosphere and the cosmos. The 
physical–sensory reality is seen as an expression of the diversely structured spiritual world, the 
development of which takes place through the processes in the physical world. However, this 
idea of development is not strictly teleological, as it regards human beings as active creators of 
future developments both in the positive and the negative sense. Therefore, the biodynamic 
concept of ecology is not a conserving but a developing one.

These views are based on anthroposophy, a multifarious worldview, inspired by Rudolf 
Steiner (1861–1925) with the core opinion that any thing, any occurrence in the world has its 
cause in a spiritual world that is actually present and can fundamentally be an object of human 
awareness. Anthroposophy, insofar as it concerns the perception of nature, understands itself 
as giving an additional dimension, the spiritual one, which in no case would replace or deny 
any basic natural law. The way to develop the ability to attain knowledge of this spiritual world 
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through the awareness of the sensory world, and the manner in which this spiritual world acts 
and appears, was described by Steiner in many books and lectures. Two central works are 
Steiner (1997) and Steiner (1999). The biodynamic farming system was founded in June 1924, 
when Steiner met with about 60 farmers in Koberwitz near Wroclaw (Poland) and gave eight 
lectures about a modern agriculture based on spiritual science (Steiner 2004). Today these 
eight lectures still form the essential and formative basis of biodynamic farming, with much 
practical and scientific experience during the past 80 years having more closely defined and 
evolved many aspects of this foundation. Steiner gave these lectures at the request of farmers 
who were involved in the development of anthroposophy, and when he gave the Koberwitz 
lectures, in agreement with his listeners, he based his deliberations on previous lectures.

Research – what are the main questions faced by biodynamic 
farmers and researchers?
Biodynamic research is often associated with research on the preparations and cosmic influ-
ences (Kirchmann 1994, Trevawas 2004). In the early days, much scientific attention was 
indeed given to the preparations (Koepf 1993, Goldstein 2000, IBDF 2003). Many attempts 
have been made to provide evidence for the effect of the preparations on soil parameters (e.g. 
Bachinger 1995, Carpenter-Boggs et al. 2000, Mäder et al. 2002), plant development (Koppenol 
1999), root growth intensity (Figure 1) (König 2002) and food quality (IBDF 2003). Results 
vary widely (Koepf 1993, Goldstein 2000). However, most of the studies assess the overall 
impact of the biodynamic method, of which the use of the preparations is but one part.

Some studies, including more prominent ones (Reganold et al. 1993, Mäder et al. 2002), 
have repeatedly shown a clearly positive impact of the biodynamic method on soil structure, 
enzyme activities, CO2 exchange and earthworm populations (Koepf 1993, Goldstein 2000). 
However, there are also studies that were not able to show such results (Carpenter-Boggs et al. 
2000). With regard to plant development, the aim is to achieve a compensating, stabilising 
effect that levels out extremes (Steiner 2004), and these effects have repeatedly been observed 
(Koepf 1993, Raupp and König 1996, Koppenol 1999). The impact of cosmic rhythms on plant 
growth has been verified many times (Kolisko and Kolisko 1939, Spiess 1990ab, Goldstein and 
Barber 2000, Spiess 2000, Zürcher 2001, Thun and Thun 2004); however, no conclusive expla-
nation of the reasons for the variation in the results has yet been produced (see also Spiess, 
1990ab, Kollerstrom and Staudenmaier 2001).

Essential research focuses on plant breeding (Müller et al. 2000, Henatsch 2002, Lammerts 
van Bueren 2002, ABDP 2003), appropriate breeding objectives for livestock (Baars et al. 2003), 
the veterinary treatment of livestock (Walkenhorst et al. 2004), ruminant feeding with low 
concentrate inputs, food quality and food quality evaluation methods (Selawry and Selawry 
1957, Balzer-Graf 1987, Strube and Stolz 2000).

It is necessary to drive forward research on the effectiveness of the biodynamic prepara-
tions in order to provide sound practical recommendations for the frequency and timing  of 
their use. However, discussions are required to decide whether it makes sense to assess the 
effect of individual biodynamic practices in isolation from the overall method, as these prac-
tices were proposed as part of a comprehensive farming system (Steiner 2004), the impulse of 
which is based, in particular, on a holistic understanding of agricultural processes. A complex, 
holistic, systemic form of science would be appropriate to biodynamic farming (Baars 2002), 
but has not yet been realised (Lockeretz 2000). It is unclear what would constitute holistic 
research. Phenomenological descriptions of the overall context are without doubt a key element 
that has been developed in much detail in the context of anthroposophic research over the past 
80 years (Bockemühl 1992). However, does holistic research mean that the approach to every 
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study must be to assess a comprehensive whole, or is it based on interdisciplinary research and 
on the overall review of results from individual, possibly isolating studies (see also Baars 2002, 
Holdrege 2002)? How can the farmer’s experience be integrated effectively (Baars et al. 2004)? 
How can experiences made under very individual and regionally specific conditions be gener-
alised? These questions are fundamental future research fields and they are also essential to 
the discourse with classical science.

Figure 1 Influence of prepared and unprepared semi-liquid manure of the root growth of bush 
beans (Phaseolus vulgaris) (Abele 1978).
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Finally, biodynamic scientists are also charged with developing a continuous dialogue 
between biodynamic science and the natural sciences sensu stricto. The issues here are impor-
tant questions of paradigms, differing world views and value systems, that need to be clearly 
communicated. Occasionally individual scientists strongly criticise biodynamic research and 
deny it any scientific credibility (Kirchmann 1994, Trevawas 2004). These criticisms are not in 
keeping with the facts, however, as they take no notice of large areas of biodynamic manage-
ment and research, although they are also rooted in an unresolved conflict of world views. One 
challenge for biodynamic science will be to articulate and convincingly tackle this problem (cf. 
Dürr 2001).
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Introduction
The aims of this chapter are to give a short overview about organic animal husbandry in 
general and to discuss problems of organic animal housing and breeding in more detail. 
Animal husbandry could be regarded as the complete field of animal farming. In a narrower 
sense, housing of animals is considered.

Publications about organic animal husbandry in peer-reviewed journals are relatively 
scarce. According to Nicholas et al. (2004), from 472 refereed publications identified in 1981 to 
2000, only 9% were on animal related topics. Lund and Algers (2001) found only 22 papers 
about health and welfare in the ten years from 1991. Furthermore, sample sizes included were 
often relatively small and comparisons with conventional farms have not always been done 
according to these authors.

Scientific literature about organic animal husbandry is generated almost completely from 
Europe (mainly United Kingdom, UK, and Scandinavia) or North America. Many agricultural 
systems in developing countries are often organic as a consequence of limited resources and 
availability of modern technologies. However, information about such systems is not included 
in this review because of lack of clear definitions. Certified organic production in developing 
countries is mostly export oriented, and mainly includes products from plant origin (e.g. 
coffee, tea, cacao, oil, citrus fruits, bananas, tropical fruits, spices) (Willer and Yussefi 2004). 
Organic livestock production is still a relatively new concept in Asia; however, some Latin 
American countries are starting to export organic meat products (Pathak et al. 2003). The 
main part of organic agriculture in Australia, however, is based on extensive grazing areas. 
The same is true for Argentina (Willer and Yussefi 2004). In 14 out of 16 European countries, 
livestock products were within the top five organic products (Hermansen 2003).

The European Union (EU)-funded Network on Animal Health and Welfare in Organic 
Agriculture (NAHWOA) held five workshops between 1999 and 2001 concerning topics like 
diversity of livestock systems, human–animal relationships, feeding and breeding, health 
management, and have published final conclusions and recommendations (www.veeru.
reading.ac.uk/organic). A further activity of the network was the publication of a scientific 
book Animal Health and Welfare in Organic Agriculture (Vaarst et al. 2004). Another EU funded 
Concerted Action Project is Sustaining Animal Health and Food Safety in Organic Farming 
(SAFO) (www.safonetwork.org) with a focus at food quality. As in the NAHWOA network, the 
main activity is scientific exchange, assisted by five workshops held between 2003 and 2005. 
Further conferences have been held in Europe on some topics of organic livestock farming (e.g. 
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Hermansen et al. 2000, Thamsborg et al. 2000, Younie and Wilkinson 2001, Kyriazakis and 
Zervas 2002).

Willer and Yussefi (2004) provide information about the state of organic agriculture world-
wide. However, the data presented mainly deal with the number of farms and the size and 
respective percentage of land under organic management. Information about the volume of 
animal production is lacking. Foster and Lampkin (2000) published some data about certified 
organic livestock in Europe between 1993 and 1998 (dairy cows, other cattle, pigs, poultry, 
sheep, goats), but not in relation to farm sizes.

Percentages of organically kept animals presumably differ between animal species, at least 
in countries with intensive animal production. In Germany for example, 17% of all beef cows 
were kept organically in the year 2002, 8% of sheep, 7% of geese, but less than 2% of pigs or 
other poultry species (Goessler 2004). Similar tendencies were found in 1998 for other 
European countries (Foster and Lampkin 2000). Pigs and poultry are kept more intensively 
under conventional production (e.g. stocking densities, housing conditions, feed origin). These 
farms have thus more difficulties converting to organic agriculture. Beef or sheep farms are 
often managed relatively extensively so that they can be converted more easily.

The International Federation of Organic Agriculture Movements (IFOAM) standards are 
valid for all member organisations and the farmers belonging to them (IFOAM 2002). These 
standards include the general principles, minimum requirements, recommendations and der-
ogations (i.e. formal substitution of an organic input with a conventional input where no 
organic input can be found). The IFOAM standards provide a framework for regulation; there-
fore, member organisations can pass stronger guidelines. Another type of a more general 
standard is the Codex Alimentarius of the Food and Agriculture Organization (FAO) of the 
United Nations (Joint FAO-WHO Food Standards Programme 1999). The EU regulations con-
cerning organic livestock production (EUR-Lex 1999, 2003) are obligatory for all producers in 
EU countries that want to sell their livestock products as ‘organically produced’. All countries 
that intend to export organic products to the EU must meet these requirements.

Standards for organic animal husbandry have not been considered as explicitly by the 
organic movement as the standards for organic plant production. This could be explained by 
the organic movement having started with soil and plant production (‘produce healthy plants 
on healthy soils’).

Housing
Livestock housing can be defined as ‘the way that animals are accommodated on a farm’. This 
can include both stables or pasture systems. In a broader sense, housing covers all factors that 
could influence the animal, including handling by humans, transport and slaughtering. Fur-
thermore, influences from animal housing on the environment are considered, especially 
pollution.

An overview of animal welfare in organic farming by Vonne Lund is presented elsewhere 
(see Chapter 8). Animal welfare is reduced in conventional intensive housing systems because 
of high densities and lack of stimuli like straw, and this may lead to behavioural disturbances, 
injuries or some diseases. Livestock housing on organic farms should allow for the behavioural 
requirements of different farm animal species, facilitate efficient management, and use envi-
ronmentally friendly construction materials and methods.

It is possible to draw some conclusions from the natural behaviour of farm animals to 
determine the most appropriate housing conditions (Tables 6.1–6.3).
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Table 6.1 Species-specific behaviour of cattle with regard to adequate housing systems (Fölsch 
and Hörning 1996, Hörning 1998)

Functional unit Species-specific beha�iours Appropriate housing 

Social behaviour Herd animals

Feed or rest at same time

Avoidance distances

Loose housing systems

1 feeding and 1 resting place per 
cow

Wide passages, sufficient space

Feeding Several feeding periods per day

Competition for food

Drinking by suction

Ad libitum feeding

Feeding barriers

Drinking troughs

Locomotion Need to move

Walking on soft ground

Loose housing, exercise yard, 
pasture

Combination of hard flooring and 
littered areas

Resting behaviour Lying on soft ground

Species-specific raising and lying 
down

Litter

Flexible side partitions of cubicles

Comfort behaviour Rubbing, licking Rubbing brushes in loose housing 
systems

Table 6.2 Species-specific behaviour of pigs with regard to adequate housing systems (Fölsch and 
Hörning 1996, Hörning 1998)

Functional unit Species-specific beha�iours Appropriate housing 

Social behaviour (Mother-)family groups

Differentiated social behaviour

Group housing, small groups

Structured pens, sufficient space

Mother–offspring 
interactions

Isolation during farrowing

Construction of farrowing nests

Separate farrowing pens

Farrowing without fixation, 
provision of nesting material

Exploratory behaviour Distinct exploratory behaviour

Rooting with the snout

Rich and diverse environment

Provision of materials for rooting

Locomotion Need to move Outdoor run, pasture

Feeding Omnivores

Distinct forage seeking behaviour

Competition for food

Diverse diet

Provision of roughages

Separations at the trough

Eliminative behaviour Separation of resting and 
defecation

Separate resting and dunging 
areas

Comfort behaviour Rubbing

Wallowing

Rubbing brushes or trees

Opportunity for cooling down 
(wallow, shower)

Resting behaviour Shelter Solid side walls
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Possible conflict areas
Regulations
The IFOAM standards and the EU regulations contain some sections concerning housing. In 
general, the organic standards require that housing conditions must meet the livestock’s 
normal biological and ethological needs (IFOAM 2002). The animals must be kept in group 
housing because they are social living beings. They must have organic material for recreation 
and other purposes (e.g. lying on soft ground). Therefore, the housing systems commonly 
used in conventional agriculture like tying stalls for cattle, crates for sows, fully slatted pens 
for growing cattle or growing pigs and battery cages for laying hens are forbidden.

Furthermore, the animals must have access to outside areas, either to an outdoor run or to 
pasture. This offers additional space and contact with climatic stimuli (sun, rain, wind). In 
most intensive housing systems, farm animals will never have any access to the outside. The 
EU regulation contains minimum space requirements for the stable and the outside area. In 
intensive animal production, animals are sometimes mutilated (e.g. beak trimming, tail 
docking, teeth clipping, dehorning) to reduce the negative effects of intensive housing condi-
tions. Although the symptoms of intensive housing are removed, the causes remain. In organic 
agriculture, mutilations should be avoided or restricted to a minimum (and allowed only as an 
exception). However, some people argue that some mutilations are necessary in alternative 
housing systems. For example, rooting of pigs at pasture could destroy the vegetation. Nose 
ringing reduces pasture damages. However, nose ringing severely hinders the species-specific 
behavioural need and could lead to injuries. Feather pecking may be a bigger problem in large 
groups of laying hens that are common in alternative housing systems. Beak trimming is a 
severe intervention into the physical intactness of the animal. Therefore, appropriate manage-
ment measures are very important to avoid such mutilations in alternative housing systems.

The aforementioned regulations for organic livestock housing offer good preconditions for 
animal welfare. They can be regarded, and this should be communicated to consumers, as 
strong principles, similar to the ban of pesticides in plant production. Literature on the distri-
bution of housing systems in organic agriculture in different, primarily English-speaking 
countries is scarce. However, housing systems seem to differ considerably between countries. 
For example, in Austria organic pigs are normally housed indoors with an access to an outside 
run (mostly with a solid concrete floor) for fattening pigs and gestating sows, but not for far-

Table 6.3 Species-specific behaviour of chickens with regard to adequate housing systems (Fölsch 
and Hörning 1996; Hörning 1998)

Functional unit Species-specific beha�iours Appropriate housing 

Feeding Scratching and pecking

Intake of plant material

Littered area for scratching, 
feeding grains in the litter

Supply of roughage, access to 
pasture

Locomotion Walking, flying, fluttering Enough space, elevated perches

Resting behaviour Roosting in trees Elevated perches 

Social behaviour Small groups including cocks Division into groups, add cocks

Egg laying Sheltered location

Nest building

Shaded nests

Littered nests (e.g. using chaff)

Comfort behaviour Dust bathing

Sun bathing

Supply dust bath

Natural lighting
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rowing sows and weaners (Baumgartner et al. 2003). Similar conditions exist in the Nether-
lands or Germany (Vermeer et al. 2000, Winckler et al. 2001). In contrast, a small sample from 
England has shown that organic pigs were housed outdoors (Day et al. 2003). In Switzerland 
and Finland, tying stalls are still the predominant housing system for dairy cows (Busato et al. 
2000, Roiha 2000). Tying stalls are more common in South Germany where smaller farms 
dominate (Hörning et al. 2004b).

Several methods of scoring systems are available to assess animal welfare at the farm 
level. One of these systems, the animal needs index (ANI 35) has got some importance in 
Austria. Organic farms must achieve a certain minimum level of points to be accepted for 
organic registration (Bartussek 2003). Roiha (2000) used the same system in 26 Finnish 
dairy farms. The ANI scores are primarily calculated on the animals’ environment rather 
than on animal-based parameters; however, many scientists are now arguing for the inclu-
sion of more animal-based parameters for on-farm assessment schemes (e.g. Hegelund et al. 
2003, Winckler et al. 2003).

Investigations have shown that farmers do not always maintain suitable standards for 
housing animals (Hörning et al. 2004a,b). For example, in Germany, some farmers did not 
follow all the provisions of the German regulations for keeping laying hens. Therefore, it seems 
useful to train people in organic certifying organisations to be aware of the standards and to 
ensure they are followed.

The abovementioned regulations contain many discretionary provisions or derogations. It 
seems in some cases that exceptions are regarded as the rule. For example, in Germany, organic 
advisers generally say that an exercise yard for cattle is not necessary for loose housing systems 
in winter if the animals have access to pasture in summer. Other difficulties in interpretation 
might occur. A derogation of the EU regulation allows tying stalls for cattle in small herds 
after 2010. To enact this derogation therefore requires a definition of a ‘small herd’. These 
ambiguities will increase the risk that some farmers will try to fulfil the necessary minimum, 
and for this reason will not fulfil the expectations of consumers. Consumers in most European 
countries attach great importance to animal welfare when buying organic products (Hamm 
and Gronefeld 2004, Anonymous 2005).

The EU regulation allows transition periods in some cases; for example, loose housing for 
cattle or access to the outside until 2010. Stanchion barns are still common on smaller farms. 
Reconstruction to loose housing is often connected with high investment costs. Therefore, 
many farmers seem to wait until the end of the derogation period. However, they will sell their 
products as organic in the meantime. Again, this may reduce consumers’ confidence.

The fulfilment of regulations does not guarantee animal welfare per se. To reiterate, the 
regulations offer the precondition for welfare. Good welfare depends on many more factors 
that could be regulated for in them standards. Therefore, good management is essential to 
achieve good animal welfare and farmers need to be trained in appropriate management tech-
niques to achieve this end. Scientifically sound methods are available to judge animal welfare 
at the farm level (e.g. Sorensen and Sandoe 2001, Webster and Main 2003).

Although farmers in some countries have difficulty converting their intensive housing 
systems, in other countries problems might occur with very extensive systems. For example, in 
extensive grazing systems such as those in Australia or Argentina, cattle or sheep may have 
problems with water availability or with protection against negative climatic influences (heat, 
wind) or even against predators.

Alternative housing systems are often relatively new and experience is thus limited. Housing 
systems are often not included in the normal education of farmers because they are regarded as 
too ‘exotic’. Therefore, efforts should be made to close these knowledge gaps in practice.
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Health risks
Conflicts may occur between animal welfare, health, productivity or environmental protec-
tion. The guidelines for organic livestock farming aim to offer animals the opportunity to 
fulfil their behaviour requirements. However, some alternative systems may impose additional 
health risks. Health problems such as mastitis in dairy cows, endoparasites and feather pecking 
are common on many organic farms (e.g. Thamsborg et al. 2004). For example, organic 
bedding materials may favour the growth of mastitis bacteria. Access to organic materials like 
bedding in the sleeping area or on the earth in outside areas may favour endoparasitic infec-
tion of many species. Housing of poultry in large groups may enhance the risk of feather 
pecking. The solution may not be to eliminate these risk factors because of the risk that behav-
ioural problems will occur, but to reduce the risks with appropriate measures like good quality 
bedding, pasture changes or recreation possibilities. For example, Bestman and Wagenaar 
(2003) found that on Dutch organic farms the presence of cocks and rearing of pullets at the 
farm in outdoor runs reduced the risk of feather pecking in layers. Herd management and 
human–animal relationships are important influences in reducing the risk of injuries in loose 
housing of horned dairy cows (Menke et al. 1999).

Environmental pollution

Housing systems for farm animals could lead to environmental pollution via gases, dust and 
odours. All intensive housing systems produce slurry or liquid manure. Many straw-based 
systems comprise production of solid manure. Emissions could occur from the stable through 
dung storage and dung spreading. Straw-based systems result in higher dust concentrations in 
the stable and therefore in higher emission rates. However, odour emissions are higher in 
slurry systems. Ammonia (NH3) emissions are higher from solid manure storage, presuming 
that storage facilities for liquid manure are covered. If slurry is not introduced directly into the 
soil, ammonia emissions will be higher when spreading slurry than solid manure. Methane 
emissions are also higher in slurry-based systems. However, nitrous oxide emissions seem to 
be higher from solid manure systems (i.e. deep litter, straw yard) (e.g. Kuczynski et al. 2005).

Additional ammonia emissions can come from covered yards. Covered yards are additional 
emitting areas for ammonia emissions. Furthermore, increased pen or outside yard areas will 
increase emissions. Again, instead of reverting to conventional housing systems, the solution 
could be to decrease potential emissions within the given system (e.g. via cold temperatures, 
increasing the frequency of cleaning).

Profitability

In many cases, welfare-friendly systems mean higher investment or labour costs. The conver-
sion of intensive to welfare-appropriate housing is often connected with high investment costs 
(e.g. conversion from stanchion barns to loose housing systems for cattle). However, within a 
given space, appropriate systems could be less expensive than intensive systems (no slurry 
channels, less technical facilities, no insulation). However, space per animal in appropriate 
systems is greater than in intensive systems, so this advantage could be counteracted. On the 
other hand, energy costs could be lower (reduced heating and/or ventilation in non-insulated, 
straw-based systems), although straw-based systems are connected with a higher labour 
requirement than systems without straw because of straw harvesting, transport, and rebed-
ding. Exercise yard cleaning also means additional labour requirements. The higher invest-
ment or labour costs could be balanced by lower energy costs, better health and performance. 
However, in many cases, the productivity of organic livestock production systems is often 
lower than conventional systems because, for example, of the lower stocking rate with regard 
to arable land (e.g. Nicholas et al. 2004). Therefore, higher prices or subsidies will be necessary 
to keep profitability at an acceptable level.
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Breeding
Breeding includes the choice of suitable performance parameters (breeding goals/traits), ways 
to combine performance information (e.g. selection index), selection of animals to reach 
breeding goals and the respective breeding techniques (e.g. natural mating, artificial insemi-
nation [AI]).

There is little literature is available concerning organic animal breeding. However, some of 
the issues associated with breeding were addressed in a NAHWOA workshop (Hovi and Baars 
2001), and Boelling et al. (2003) and Pryce et al. (2004) have presented overviews about the 
subject. A network on organic animal breeding, Gesellschaft für Ökologische Tierhaltung 
(Society for Ecological Animal Husbandry), was founded in Germany in 2003, resulting in 
three workshops for cattle, pig and poultry research (http://www.zs-l.de). Nauta et al. (2003) 
published the results of a discussion on organic animal breeding in the Netherlands. Accord-
ing to these authors, most ideas about alternative breeding methods were developed for dairy 
cows. Conventional animal breeding has been well researched and some of the knowledge 
gained from this work can have application in organic agriculture.

IFOAM standards and EU regulations stress the importance of maintaining and conserv-
ing genetic diversity. According to these guidelines, preference should be given to indigenous 
breeds and strains as they are well adapted to local conditions. According to IFOAM stand-
ards, breeds should have good resistance to disease. The EU regulation regarding disease resist-
ance is more specific: ‘Selection should avoid specific diseases or health problems with some 
breeds or strains used in intensive agriculture’ (EUR-Lex 1999), including issues such as pale, 
soft, exudative (PSE) meat in pigs, sudden death, difficult births.

Another point connected with breeding is the origin of animals. According to organic stand-
ards, livestock obtained from off the farm should be from organic farms. This can be difficult 
as many breeding companies or hatcheries work conventionally. However, some animals may 
come from conventional farms to enlarge the genetic pool. The EU regulation says: ‘For supple-
menting natural growth and renewal of the herds, a maximum of female nulliparous animals of 
10% of equine and bovine species and of 20% of adult porcine, ovine and caprine species per 
year is allowed (up to 40% when a major extension is undertaken or a breed changed or endan-
gered)’ (EUR-Lex 1999). In practice, mostly male breeding animals are bought from conven-
tional farms in the case of ruminants or pigs, and females are mainly reproduced at the farm.

Problems with con�entional breeds

High yielding breeds are selected for specialised performance (e.g. milk, growth rate, meat 
quantity, eggs). Such unidirectional high performance could stress the organism, for example 
through metabolic stress (Olesen et al. 2000). High-yielding animals are often very sensitive to 
management changes or mistakes. Performance-related health problems are common; 
examples include leg problems and metabolic disorders in meat poultry and fattening pigs, 
mastitis in dairy cows or diseases of the reproductive organs in laying hens and breeding sows 
(e.g. Hörning 1997 2000, Rauw et al. 1998, Postler 2002). Furthermore, high performances can 
only be realised with a high amount of concentrates. With regard to the world hunger problem, 
organic farming should aim to reduce feeding farm animals with concentrates because of a 
competition with human food.

An aim of organic agriculture is to keep breeds that are less vulnerable to diseases or man-
agement mistakes. This may result in a trade-off between ‘hardiness’ and productivity. Another 
possibility is not to exploit the full genetic potential of a high-yielding breed by feeding a feed 
ration with a lower nutrient content. However, this is not advisable for all classes of animals. It 
may work with dairy cows or fattening pigs. For example, Holstein Friesians normally are fed 
fewer concentrates in organic agriculture. Some health problems may arise, mainly with 
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modern poultry hybrid lines (both meat and layer strains), when they are not fed to their 
genetic requirements. For example, poultry may still feel hungry and develop behavioural 
problems (e.g. feather pecking).

Genetic di�ersity
Intensive animal production with the selection for maximum unidirectional performance has 
led to a significant decrease in genetic diversity. About 30% of all domestic breeds are considered 
to be at critical levels, or are at least endangered. About 300 breeds have become extinct world-
wide during the last 15 years (Scherf 2000). In Europe, half of the breeds present at the beginning 
of the 20th century have become extinct (Dohner 2002). Moreover, biodiversity has decreased 
within breeds resulting in increased genetic uniformity; this has been enhanced by the practices 
of multinational breeding companies. Some Holstein bulls, for example, have more than one 
million descendants. Genetic erosion is especially acute for poultry, pigs and high-yielding dairy 
breeds like Holsteins. A higher diversity can still be found in sheep and goats.

One of the advantages of using local breeds is that they are usually very well adapted to 
regional conditions. They are often better suited than modern breeds especially under harsh 
conditions. This could be also true for regions where particular breeds are not native (e.g. 
Brahman cattle in Australia). Local breeds can have some unknown properties or traits that 
will be important. They often have properties like disease resistance or longevity that are 
important for sustainable agriculture systems. Furthermore, rare breeds are part of the cultural 
history of the country of origin.

In reality, the same breeds are commonly used in organic and conventional agriculture. 
For example, only 10% of rare breeds are used in German organic dairy farms (Hörning et al. 
2004b). This rate has not changed in the last 10 years. Most German or Dutch farmers and 
organic advisers prefer modern breeds because of higher performances (Nauta et al. 2003, 
Hörning et al. 2004a).

Lower performances could be partially outweighed by better health or longevity. Other 
compensation possibilities include higher product prices or subsidies. In many European 
countries, governments pay subsidies for keeping endangered breeds. However, in many cases 
these subsidies are not high enough to completely compensate for lower production. It could 
be useful, therefore, to use the preservation of an old breed as a marketing tool to convince 
consumers to pay higher prices. One positive example could be the Swabian-Hall saddleback 
pig in Germany. The meat is marketed successfully via a marketing company as a premium 
product, highlighting the good quality of the meat and the local origin (www.besh.de). As a 
compromise, the sows are normally bred with Pietrain boars to achieve a higher muscle 
amount. The company uses the special marketing brand assigned by the EU ‘controlled origin’. 
This approach was very successful. Within 15 years, the population increased considerably and 
is no longer considered to be at acute risk of extinction.

The FAO has developed many activities in the field of livestock genetic diversity conserva-
tion (e.g. (http://www.fao.org/biodiversity/Domestic_en.asp). The FAO set up a Commission 
on Genetic Resources for Food and Agriculture (CGRFA), which is the major international 
forum for developing policies on genetic resources. CGRFA started a global strategy for the 
management of farm animal genetic resources in 1992. The goal of the strategy is to overcome 
genetic erosion of animal resources, and to ensure use of these resources. The strategy provides 
a framework for assisting countries, regions or other stakeholders in installing management 
programs (Scherf 2000). In order to implement the global strategy, FAO developed a commu-
nication and information tool, the Domestic Animal Diversity Information System (DAD-IS). 
In addition FAO established a global databank for farm animal genetic resources. In this 
databank, data from 189 countries are collected. Currently 6379 breeds from 30 mammalian 
and avian species are included, from 140 countries (in 1995 there were only 3882 breeds). These 
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data were used as a basis for the publication of the world watch list for domestic animal diver-
sity (Scherf 2000). FAO is planning to publish a report on the state of the world’s animal genetic 
resources in 2006. The inventory compiled by Porter (2002) of endangered livestock breeds 
contains about 9000 entries of breeds, types and varieties, and also of extinct ones. Dohner 
(2002) described more than 180 endangered British and North American breeds. Hall (2005) 
provided detailed information regarding livestock biodiversity and gave recommendations for 
preservation.

In many countries, organisations are working for the conservation of endangered livestock 
breeds (e.g. the supranational working Rare Breeds International (www.rbi.it), Rare Breeds 
Survival Trust in the UK (www.rare-breeds.com), Stichting Zeldzame Huisdierrassen in the 
Netherlands (www.szh.nl), Pro Specie Rara in Switzerland (www.psrara.org), Gesellschaft zur 
Erhaltung alter und gefährdeter Haustierrassen in Germany (www.g-e-h.de), Rare Breeds 
Canada (www.rarebreedscanada.ca), the American Livestock Breeds Conservancy in the USA 
(www.albc-usa.org), Rare Breeds Conservation Society of New Zealand (www.rarebreeds.
co.nz), Rare Breeds Trust of Australia (www.rbta.org). These organisations normally provide 
information about the history of old breeds and their status, and offer links to breed 
associations.

Breeding objecti�es
Breeding objectives (traits) appropriate for organic husbandry are the focus of much discus-
sion. Some organic dairy farmers have little awareness of modern breeding techniques and 
strong trust in the practices of commercial breeding companies (Nauta et al. 2003). Breeding 
objectives will not be the same for all conditions because of the huge variation in conditions. 
In some cases, existing objectives will get another weighting within the selection index for 
organic breeding purposes. In other cases, new objectives will be added. General breeding 
objectives for all farm animal species in organic agriculture are longevity, vitality and fertility. 
In recent years, breeding for disease resistance has been the subject of much research attention, 
mainly in cattle and sheep (e.g. Axford et al. 2000). The Scandinavian health recording system 
for dairy cattle could be identified as a good example of a health recording system. Veterinari-
ans within that scheme collect data about veterinary treatments. In other countries, parame-
ters like somatic cell counts as an indicator for mastitis are provided regularly during milk 
recording. A potential disadvantage of this approach is the need for thorough performance 
recording schemes.

Table 6.4 shows further examples of suitable breeding traits for organic livestock. In general, 
these traits lead away from maximum performance. Instead, an optimum performance should 
be the aim.

Table 6.4 Aims and possible breeding traits for organic livestock breeding

Aims Breeding traits (examples)

Maintenance of biological diversity Conservation measures for endangered breeds

Lowering of environmental pollution Improved nutrient efficiency

Longevity Lifetime production (milk, piglets, eggs)

Health Disease resistance, increase of robustness

Adaptation to alternative housing systems Pigs: good mothering ability, suitability for 
outdoor production; laying hens: low rate of 
feather pecking

Reduced amount of concentrates Good roughage conversion

Food quality Meat quality in pigs or poultry
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Alternati�e breeding approaches
Dairy cows
Selection indexes are used in most breeding programs. Different production traits are multi-
plied with economic factors and these partial indexes are added up to an overall value. Also, in 
several conventional breeding schemes for dairy cows, functional traits like health, fertility or 
longevity have gained more importance over the last few years despite their low heritability. 
One suitable method for organic selection indexes would be to put another weight on some of 
these traits so that the ranking of available sire animals will change. Normally, functional 
traits like longevity or health will get a higher priority and performance traits a lower priority. 
For example, better persistence of milk performance within lactation may be an aim (flatter 
lactation curve), and also a lower milk production in the first lactation (e.g. Essl 1998). Both 
traits are often not considered in conventional breeding programs.

Ecological breeding indexes could be good an alternative until specific animals bred for 
organic agriculture are available. There are some examples where such technology (e.g. ecolog-
ical total breeding value, ecological index) has been used (e.g. Bapst 2001; Baumung et al. 2001; 
Postler 2002). For example, twice a year a list is published in Germany with a ranking of 
breeding bulls from different breeds. In Switzerland, catalogues of conventional breeding 
companies also contain ecological indexes. The disadvantage is that only those traits could be 
used for which data are collected. For other potentially useful traits for organic agriculture, no 
information is yet available (e.g. conversion ability of roughage). Furthermore, bulls that are 
ranked highly were usually bred for high unidirectional performances.

Professor Bakels in Munich, Germany, developed breeding for lifetime performance as a 
concept. The idea is that a dairy cow, which realised a high lifetime milk performance, must 
also be healthy and fertile. Within a breed, families with very high lifetime performances are 
identified and bred, using rotational breeding and also slight inbreeding. Economic advan-
tages of a high lifetime performance are that rearing costs are spread over more cows, and that 
selection possibilities are higher because more descendants are available. However, only con-
ventionally reared, AI bulls are used, often from North American origin. There are farmer 
groups in Germany, the Netherlands, Switzerland and Austria working with lifetime perform-
ance (Günter Postler, pers. comm. 2005). They publish yearly catalogues with recommended 
bulls from which 90% are bred specially for lifetime production or organic farming. The idea 
of lifetime production could also be transferred to sows and laying hens (number of piglets or 
respective eggs per lifetime).

In the Netherlands, the concept of family breeding was developed by the farmer Dirk 
Endendijk. He successfully bred cows that produced more than 10,000 kg per lactation using 
the original Dutch Friesian cattle (Endendijk et al. 2001). Mainly animals present at a given 
farm are used for breeding within that system. Another typical feature is the use of several 
bulls at a time for natural mating. Like the concept of lifetime performance, cow families with 
a high lifetime production are used, again also utilising some inbreeding.

Crossbreeding is used in some countries for dairy cows, such as Holstein Friesian × Jerseys 
in New Zealand. In the tropics, cross breeding is common, normally combining the advan-
tages of local and high-yielding European breeds. In doing so, heterosis effects could be used 
(higher performance in offspring than in the parental generation). Examples include improve-
ments in milk production, parasite and disease resistance, adaptation to climate, or progeny 
survival rates. However, the use of crossbreeding requires higher inputs (e.g. one part of the 
herd must be kept pure bred). Another question is what to do with the F1 animals (first gener-
ation of crossbreeding). The F1 generation can be either produced continuously or a rotational 
crossbreeding is possible.
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Pigs
Alternative breeding approaches are much less common in pigs and poultry than in dairy cows. 
There is a large variation in the (relatively small) organic pig market, ranging from normal lean 
meat for supermarket chains up to relatively fat breeds for sausage production. Therefore, it is 
difficult to define appropriate breeding goals for all possible organic marketing purposes. In 
countries like Germany and Austria, only the amount of lean meat is paid for at conventional 
slaughterhouses. In other countries like Denmark or Switzerland, intramuscular fat percentage 
(IMF) is also considered. IMF is important for meat quality as it is highly correlated to sensory 
properties like taste, tenderness and juiciness. Breeding for highly muscular animals has led to 
a decrease of IMF and an increase of PSE meat in pigs (e.g. Hörning 1997). Another parameter 
is fat quality, which is important, for example, for sausage production. However, many organic 
consumers also ask for lean meat. Therefore, a conflict of goals exists and it will be necessary to 
convince those consumers of the advantages of meat with a higher IMF.

Some breeding companies are looking for traits like fertility or lifetime performance in 
mother breeds. Alternatively, conformation parameters can be considered, such as limb 
posture as an indicator for lameness susceptibility. Furthermore, behavioural traits like moth-
ering ability or suitability for group housing are considered by some companies. For example, 
Grandinson et al. (2003) found a relationship between sows’ avoidance of the farmer and piglet 
mortality. This is especially important in the loose housing of farrowing sows favoured in 
organic agriculture. Similar to cow breeding, suitable measuring methods are missing for 
some parameters, such as roughage conversion. There are examples of breeds suited especially 
for specific housing conditions, like some breeds developed for outdoor pig production in the 
UK.

Poultry

Development of hybrid breeding has led to strictly separate strains of poultry for meat or egg 
production. Selection for very high performances has promoted many health problems, such 
as sudden death syndrome, leg problems or ascites in broilers. At least for meat poultry, the EU 
regulation for organic agriculture takes this into account, because minimum slaughter ages 
are prescribed, which are much longer than for conventional production.

Male layer chickens are normally killed directly after hatching because fattening them is not 
economical. This is a serious ethical problem. Furthermore, conventional laying hens are 
normally used only for one laying period (about one year). Again, this could be considered as 
ethically questionable. It is very difficult to feed high-yielding poultry strains according to their 
nutritional requirements with the feedstuffs allowed for organic agriculture. Supplying poultry 
with essential amino acids is particularly difficult with the available protein feedstuffs.

Performances should be reduced for organic farming because of the abovementioned 
reasons. Vitality and adaptability will be especially important for birds in alternative housing 
systems because modern layers have been selected under cage conditions. Feather pecking and 
cannibalism can be a problem for many hybrid strains under alternative housing conditions. 
However, there is some heritability and therefore selection against these behavioural distur-
bances might be useful (Sorensen 2001).

Most organic poultry farmers use normal hybrid strains at least for laying hens. For meat 
poultry like turkeys or broilers some slower growing strains are available, bred for example, for 
the free-range label production in France. However, these birds are also hybrids, which mean 
that the farmers cannot reproduce their own animals.

Tests in Germany and in Denmark have shown that the egg production of purebred layers 
is much lower than those of modern hybrid strains (Hörning 2000, Sorensen 2001). During the 
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last 30 years these purebred strains have been selected only for appearance. Therefore, at the 
moment, no optimum breed for organic agriculture seems to be available. The production rate 
of purebreds is too low, and modern hybrids have a tendency for feather pecking and cannibal-
ism. In the long run, the development of a dual-purpose breed (meat and eggs) could be the 
solution for organic farming. Both meat and egg performance will be lower than of modern 
hybrid strains, however. Therefore, consumers must be convinced to buy these more expensive 
products. Prices for organic eggs or meat are relatively high. Furthermore, the efforts of organic 
farmers or associations will be necessary. The big breeding companies will not develop an 
organic breed in the short term because the organic market is too small for them.

Genotype × environment interactions (G × E) pose an additional challenge to using per-
formance information. Generally, G × E interactions mean that animals of the same origin 
might give different performances in different environments. The G × E interactions are more 
important in very different environments; therefore, the performance of animals in vastly dif-
ferent environments can be difficult to compare. For example, Sorensen (2001) has shown that 
a purebred laying hen (Danish Skalborg) had a similar performance in both cage and alterna-
tive housing systems. However, the compared hybrids had a lower production in alternative 
than in cage systems. Similarly, a local breed (Sonali) showed a better performance than 
Lohmann Brown hens under semi-scavenging conditions in Bangladesh (Sorensen 2001). Up 
to now, no information is available for G × E interactions that compare conventional and 
organic agriculture (Boelling et al. 2003). One important precondition to estimating G × E 
interactions is that a great deal of data is necessary.

Another problem is that testing facilities normally work conventionally at least with pigs or 
poultry. For example, in intensive feeding and housing systems, only concentrates are used, 
which is not allowed in organic agriculture. In addition, results obtained under such condi-
tions might not be transferable to organic conditions.

Breeding practices
According to IFOAM standards and EU regulations, breeding practices should respect the 
animals’ natural behaviour. Therefore, natural mating is preferred. Methods that depend on 
complex technologies should be avoided. Embryo transfer and cloning are prohibited. 
Hormones to induce ovulation and birth are prohibited unless for medical reasons, although 
AI is permitted.

Invasive techniques like AI or embryo transfer do not respect the natural behaviour of an 
animal species, and farmers may become more dependent on breeding companies. Further-
more, the genetic basis of a breed will be reduced with these techniques because fewer breeding 
animals are used. Organic livestock husbandry aims for natural breeding methods. However, 
AI is still common with some species. In Germany for example, most organic dairy farmers are 
still using AI,whereas beef farmers mainly use natural mating (Hörning et al. 2004b).

Embryo transfer (ET) is prohibited in organic farming. However breeding bulls used for AI 
are often produced via ET. Furthermore, criteria should be set up for bulls for natural mating 
in many countries. Other options to encourage the use of natural mating are rotation of 
breeding animals with other farms, or some farmers could be paid for keeping male breeding 
animals. Natural breeding normally results in a higher breeding success because the sire is 
better able to detect oestrous females. However, if the sire inherits health problems that only 
become apparent later on, many descendants will be affected.

Another question is whether quantitative trait loci (QTL) methods should be used in 
organic agriculture (Pryce et al. 2004). In identifying the genes responsible for certain breeding 
traits, gains can be increased. These molecular techniques are becoming increasingly common 
in conventional breeding; for example, testing for the malignant hyperthermia syndrome 
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(MHS) gene in pigs to reduce stress susceptibility. However, these tests use genetic engineering 
methods which are questionable for organic agriculture because the use of genetic modified 
organisms is not allowed.

Conclusions
The availability of scientific literature specific to organic livestock husbandry is limited. Stand-
ards on organic animal housing should be more precisely defined in some cases and should be 
controlled by well-trained people. However, keeping high standards is not enough to guaran-
tee animal welfare. Management is very important in that context. Education of farmers, con-
sultants and veterinarians about organic livestock husbandry should be extended.

Alternative housing systems often mean higher costs (e.g. more space and labour). There-
fore, farmers must either get higher prices or subsidies. Some alternative systems could lead to 
specific risks for animal health or the environment. Measures to reduce these risks should be 
investigated further without taking away the advantages for the animal’s natural behaviour.

Organic livestock systems are very heterogeneous. Therefore, it is not easy to define 
breeding goals (traits) for all purposes. Food quality, adaptability, longevity, disease resistance 
or roughage conversion can be listed as traits suitable for organic or sustainable animal agri-
culture. One aim of organic agriculture is the maintenance of genetic diversity. Endangered 
old breeds of domestic livestock often have the desired properties (e.g. adaptability, vitality), 
which makes them well suited for organic agriculture. However, lower performances mean a 
lower profitability. Therefore, farmers again must aim for higher prices or subsidies.
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Introduction
Animals are important in organic farming systems, both as a part of the concept and in 
practice, where there is great weight on forming an integrated system with harmony between 
the land, the animals and the people, involving local recirculation of feed and manure. Good 
animal health and welfare is an important goal for organic husbandry. In contrast to crops, 
animals are not just parts of the farming system, they are also sentient creatures and as such 
they deserve special moral consideration. They are individuals that need to be cared for, they 
can suffer, and they can interact with each other and with the humans and environment 
around them. Animal management is, therefore, very different from crop management. 
Humans have a moral obligation to treat animals well and to intervene before they suffer or 
die, as this is unacceptable. Organic farming principles go much further than promoting 
animal welfare in terms of avoiding suffering. One of the basic principles of organic farming 
refers to access to ‘natural’ behaviour for organically managed animals, which substantially 
broadens the concept of ‘welfare’. These perspectives are presented and discussed in Chapter 8, 
where Lund emphasises the importance of integrating naturalness into the concepts and prac-
tical application of animal welfare in organic animal husbandry.

The animal welfare goal of avoiding suffering allows the use of synthetic medicines for 
treating sick animals. This is the only circumstance in organic agriculture where use of ‘chem-
icals’ is allowed and even recommended in Europe. In the United States of America (USA), 
antimicrobial treatments are completely prohibited. Some farmers, therefore, change their 
disease treatment patterns and turn to so-called alternative or complementary methods, some-
times in combination with anti-inflammatory drugs (‘pain-killers’). No matter how diseases 
are managed, the most sustainable way to avoid suffering and the need for disease treatment is 
to make more fundamental changes in husbandry methods, such as breeding for increased 
disease resistance and introducing more species-appropriate housing, and a well-balanced 
diet. Hörning (see Chapter 6) discusses aspects of breeding and housing, and we will discuss 
the aspects of feeding and disease management.

Organic farming in a global context is emphasised in this book, and therefore we touch on 
perspectives of non-certified organic farming, in the way it exists in many regions of the world. 
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In most countries, there are hardly any local markets for certified organic livestock products 
(e.g. in most African countries), and export is limited for all livestock products as a result of 
disease status. Certified organic products consist mainly of fruits and cereals for export to 
privileged consumers such as those in north-western Europe. The certification procedures are 
too costly for most farmers, especially when nobody wants to pay extra for organic products, 
organic producers lack support or premium prices are difficult to obtain. Parrott et al. (2005) 
discuss the issue of non-certified organic farming and categorise four main areas they call the 
‘hidden world of ecological farming’:

1 explicit organic approaches (e.g. membership of certification agency);
2 like-minded approaches (e.g. permaculture movement in Zimbabwe);
3 low external input sustainable agriculture (weight on local resources and processes); and
4 traditional farming (‘food grown without chemicals’, or ‘organic by default’).

In this chapter, we will keep the basic ideas of organic animal husbandry in mind and also 
include the potential organic livestock production with examples from areas that are not certi-
fied. Organic farming can in this context be seen as not only a way of producing ‘certified 
animal products’ but also as a way of farming sustainably, emphasising a harmonious way of 
using land and keeping animals.

There is great diversity among countries and regions regarding different ways and condi-
tions for farming; farms locations range from mountain to grassland areas, and farming 
systems from traditional to intensive systems. The aim of this chapter is to present and discuss 
aspects of animal health and feeding in organic farming systems. A short overview of current 
knowledge about animal health, welfare and disease in organic agriculture is presented. For 
nutrition especially, we will focus on the interactions between nutrition and animal health and 
welfare. We have chosen to concentrate mostly on dairy cattle and grassland feeding, but also 
provide other examples.

Organic li�estock production and animal disease patterns – an 
o�er�iew

Organic li�estock production and products on a global le�el
It is difficult to get an overview of the development and composition of organic livestock pro-
duction at a global level. Not even in Europe, where organic farming is well established in many 
countries, do detailed official statistics exist regarding organic livestock farming. Organic farms 
and land being converted to organic farming was about 3.5% of the land in Europe in 2003, 
covering 5.8 million hectares on 155,100 farms in 25 countries in the European Union (EU). 
The area and number of farmers converting differs between countries. For example, during 
2003, land used for organics increased in Germany, France, Portugal, Greece, Austria and Spain, 
but decreased in Denmark, the United Kingdom (UK) and the Netherlands.

The availability of organic livestock products on the market varies extremely on a global 
level. In the EU, the most important markets exist in Germany, France, the UK and Italy, as 
well as Denmark, Austria and Switzerland. Considerable variation exists among product cate-
gories. For crops, the average market share in the EU was between 1% and 1.8% in 2001, where 
the organic share of the total market for beef was 1.6% in 2003, 1.2% for milk and milk 
products, 1.3% for eggs, but 0.6% or less for pig and poultry meat (Hamm and Gronefeld 
2004). It is difficult to establish a balance between supply and demand for the organic markets 
for milk, beef and sheep and goat meat. The pattern of organic products sold as conventional 
in 2001 differed considerably between countries. However, in the EU, an average of 32% of the 
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milk, 31% of the beef and 46% of the sheep and goat meat had to be sold to conventional 
outlets often at a lower price than that received for organic produce (Hamm and Gronefeld 
2004).

Animal disease patterns: an o�er�iew
Good animal health and welfare is an explicit goal of organic farming. The term ‘health’ is 
often used to indicate ‘no diseases’, but covers many other components (see Chapter 8). We 
focus here on the disease problems that organic livestock production faces. We will approach 
this issue by giving a short overview of research findings related to disease levels, mostly in 
Europe. Organic livestock production has developed and changed in several ways over the past 
few years (e.g. standards, attitudes, infrastructure), which should also be kept in mind when 
organic research results are evaluated.

At the end of the chapter, we focus on the human role in organic livestock production, and 
suggest how to incorporate the principles of health care in a more structured manner.

The background to changes in disease patterns associated with conversion to organic pro-
duction mostly relate to different housing conditions, feeding and outdoor production, treat-
ment criteria, or changes in farmers’ attitudes and perceptions. All these changes can have 
both positive and negative effects on disease patterns, and since the conversion period may be 
characterised by changes and new ways of managing the herd, the conversion itself may have a 
negative impact on the disease situation in the herd. Lund and Algers (2005) cautiously con-
cluded, based on a literature review of peer-reviewed journal articles on animal health and 
welfare aspects in organic farming, that apart from parasite-related diseases, health and welfare 
in organic herds in general are the same or better than in conventional herds. Regarding para-
sitic diseases, Thamsborg et al. (1999) concluded that good prospects are expected for accepta-
ble parasite control for organic farming systems.

Prominent disease problems are similar for organic and conventional dairy herds: mastitis, 
lameness and metabolic disease in adult cattle and internal parasite infections in young 
animals. The extent of these problems seems to vary more among farms than between organic 
and conventional farming. Mastitis has been recognised as the main animal health problem in 
organic dairy herds. Disease incidence in general appears to be similar, and occasionally higher 
compared with conventional production (Thamsborg et al. 2004, based on several European 
studies from 1988 to 2000). Studies from Norway (Ebbesvik and Løes 1994, Hardeng and Edge 
2001), Sweden and Denmark (Vaarst and Enevoldsen 1994) in the 1990s found a lower inci-
dence of treated cases of clinical mastitis in organic than in conventional dairy herds. Hovi 
and Roderick (1999) found that 50% of surveyed organic herds in England and Wales had rela-
tively high levels of dry period mastitis compared with conventional farms, which had almost 
none. The differences between these findings could be associated with the widespread use of 
antibiotics in dry cow therapy in conventional herds in the UK. Comparative data on lameness 
and claw lesions are not conclusive. Offerhaus et al. (1993) showed that lameness was more 
prevalent on conventional farms. Vaarst (1995) and Vaarst et al. (1998b) found no major differ-
ences between systems, whereas a more recent Danish survey showed a higher incidence of 
recorded claw and leg disorders in recently converted organic farms (Danish Cattle Advisory 
Board 1998). In addition, a considerably higher incidence of liver abscesses has been detected 
in Danish organic compared to conventional dairy cows, probably caused by rumen acidosis 
due to higher grain proportions of feed ration and more grazing (Jørgensen et al. 2005).

Gastrointestinal parasites and coccidia may cause problems in organic dairy herds espe-
cially among young calves, and lungworm disease can be a problem among dairy cows, partic-
ularly in newly converted herds where the animals have not been on pasture previously. Most 
of these diseases can be controlled by appropriate management routines (Svensson et al. 2000), 
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but still, 45% of Danish organic dairy farms had to fall back on anthelmintic treatments during 
the 2002 grazing season (Weinreich et al. 2005).

On Swedish smallholder farms, the most important health problems in organic sheep pro-
duction seem to be associated with feeding, endoparasites, haemonchosis, diarrhoea, high 
lamb mortality (3–36%) and lean ewes. These problems were registered as the most common 
health problems in 37 organic sheep flocks, although this is not markedly different from 
problems in conventional f locks (Lindqvist 2001). A survey of organic farmers in the UK iden-
tified lameness, mastitis, f ly strike, fasciolosis and other helminthoses as the most prevalent 
health problems (Roderick and Hovi 1999). The restrictions or prohibition of chemotherapy 
and chemoprophylaxis mean reliance on management practices such as lower stocking densi-
ties and closed flocks. Internal parasites, particularly gastrointestinal nematodes, are poten-
tially a serious threat to organic sheep and goat production (Keatinge 1996). Most organic 
sheep farmers have to rely on grazing management such as repeated moves to clean pastures 
and supplementary feeding (Thamsborg et al. 1999), and regular (or pre-emptive) use of 
anthelmintics is still part of the control strategy in several countries. For example, Lindqvist et 
al. (2001) in Sweden estimated that roughly 20% of organic farmers drench ewes around 
lambing to control Haemonchus contortus.

The use of vaccination remains an option for organic producers. Clostridial vaccination of 
sheep is common on many conventional sheep farms in the UK, and 44% of surveyed organic 
farmers were also reported to vaccinate on a routine basis (Roderick et al. 1996), with 10% of 
flocks also being vaccinated against pasteurellosis.

Organic pig production varies significantly within Europe. Hermansen et al. (2004) argued 
that it is far more difficult for farmers to change existing conventional production systems to 
organic systems for pigs and poultry compared to ruminant systems. Depending on the system, 
farrowing and suckling or even fattening take place outdoors while housing with small outside 
exercise areas are provided in other systems in colder climate countries such as Germany, 
Denmark and the Netherlands. The latter systems have greater space allowance per pig than 
conventional production. Available data on animal disease patterns in pigs are limited, but 
health and welfare problems appear to differ between organic and conventional production. 
External parasites were seen as the biggest problem, followed by infertility, whereas diarrhoea 
and respiratory diseases were considered minor problems in a UK study in late 1990s (Hovi 
and Roderick 1999). Small Nordic case studies have shown a low incidence of diarrhoea and 
respiratory disorders but an increased incidence of joint diseases compared with indoor herds 
(Lindsjö 1996, Olsson et al. 1996, Vaarst et al. 1998a, Kugelberg and Johansson 2001), as well as 
outdoors where a case study (four herds) showed that among outdoor sows, traumatic lameness, 
injuries and sunburn were the most common clinical finding. In several studies, endoparasites 
and ectoparasites have been found to be highly prevalent, probably related to outdoor access, a 
high level of insoluble fibre (roughage), low level of hygiene and use of permanent pastures. 
Some organic herds have experienced massive problems with milk spots in the liver following 
recent Ascaris infection, resulting in rejections at slaughter. The use of antibiotics was very low 
in the organic herds. It is evident from several Danish studies that piglet mortality is high in 
organic systems (Lauritsen et al. 2000), although not different from conventional outdoor 
systems.

In general, the disease problems in intensive organic egg layer flocks seem to be the same as 
in conventional flocks, but at times at a higher level. The Danish Poultry Council (2002) found 
a higher mortality during the laying period in organic flocks than in any other egg-producing 
flocks. Without doubt, some specific disease problems are associated with free-range produc-
tion. Coccidiosis, helminth parasites, histomoniasis and ectoparasites occur more frequently in 
free-range flocks, and diseases carried by wild birds (e.g. pasteurellosis, salmonellosis, avian 
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tuberculosis) are risks to free-ranging birds. A recent example of disease outbreaks involving 
migrating birds occurred in July 2005, with concern expressed regarding the free-range status 
of organic poultry flocks in Europe following the outbreaks of avian flu in Asia, Russia and 
Kazakhstan. Organic and other free-range systems present both positive and negative welfare 
consequences compared with caged and confined poultry. Kristensen (1998) demonstrated that 
the mortality of organic laying hens in Denmark is 15% to 20% (4–5% in conventional battery 
cages; 9–10% in free-range production according to unpublished data from the Danish Poultry 
Council 1997), where later (unpublished) studies show considerably lower mortality on organic 
farms. Lampkin (1997) identified coccidiosis, external parasites, feather pecking and cannibal-
ism as significant potential problems in organic and other free-range systems, where beak 
trimming is not allowed and not regarded as a suitable way of managing the problem. These 
problems are confirmed in more recent European studies. Some degree of feather pecking may 
be a natural preening process, but under less optimal conditions it results in considerable health 
and welfare problems. Breed and poultry strain are also important in relation to these problems. 
Feeding roughage and offering the poultry good outdoor conditions (shelter, shade, possibilities 
for dust bathing and areas with vegetation) can significantly reduce problems of excessive 
feather pecking and cannibalism. Nutritional deficiencies (e.g. lack of essential amino acids), 
unsatisfactory housing conditions and overcrowding can increase the problem. Bestman (2000) 
showed that farmers’ understanding of the requirements of the birds was essential, so that they 
could adjust the system to the poultry’s natural behaviour in an appropriate way. Organic 
rearing is important for the production of poultry, which should live their adult life under 
organic conditions. This means that chickens are reared on the floor (Gunnarsson et al. 1999 
2000), as cage-adapted birds may not adapt to the floor under organic conditions and may 
develop feather pecking. In production of broilers (table hens), coccidiosis and breast blister 
seem to be the major disease problems (Pedersen et al. 2003).

Animal nutrition and feeding: the challenges of organic farming
A healthy well-balanced feed ration is crucial for health and welfare in animal herds. Follow-
ing the principles for organic livestock production about naturalness, supporting the species-
specific characteristics of animals, and at the same time emphasising local production, 
minimal transport and outdoor life, present many challenges to create a well-balanced animal 
production system (Zollitch et al. 2004). As discussed by Hörning (see Chapter 6), certified 
organic herds mainly rely on breeds and breeding goals of conventional herds, which may 
create a potential conflict because:

1 The conventional breeding goals often aim at high production levels, which may compro-
mise natural behaviour or other breeding goals or characteristics (e.g. strong legs).

2 Feeding animals in accordance with their natural need (e.g. supporting ruminating through 
feeding in ruminants), attempting to support a production level that is physiologically 
feasible and still allowing natural behaviour, growth, reproduction and longevity in the 
herd. But feeding animals with genetic potential for high production according to guide-
lines of organic farming may not meet the animals’ nutritional requirements and in this 
way may compromise their welfare.

So, in summary, the challenge of feeding the animals organically is to reach a quantity and 
quality of organic feedstuffs that supports the animals’ physiology and production. At the 
same time, the ways of feeding (e.g. accessibility causing minimum stress in the animals) are 
adjusted to the changing situations of the animals (e.g. from dry period to lactation), and 
giving them maximum freedom of choice is also crucial for their wellbeing and performance. 
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The animals’ basic nutritional requirements must be met, with regard to the levels of minerals 
and vitamins, to ensure their health and welfare. In some countries, supplementation with 
vitamins, trace elements and minerals is not a routine practice, whether certified organic or 
not. Another aspect of the interaction between animal health and nutrition regarding worm 
control is feeding with bioactive forages, which, for example Hoste et al. (2004) and Thamsborg 
et al (2005) describe, based on an EU-funded project WORMCOPS.

Feeding with home-grown feed
A basic principle of organic agriculture is that the animal herd forms a part of the entire 
farming system, which means that the nutrient supply in organic herds should be based prima-
rily on home-grown feed, limiting the amount of bought-in feed material. In many organic 
farms, the genetic potential for production is used to maintain a high production, similar to 
the level of conventional herds. This puts some very high demands on the quality of feed as 
well as the amount of food intake. The aim of giving organic animals only home-grown feeds 
must be met in a manner that allows the animals’ requirements to be met and still maintain 
ecological and economical sustainability. The way of fulfilling such an aim will depend on 
local and regional conditions and how the harmony between the animal herd and the land 
area can be supported. In the case of organic dairy farming, grassland feeding will be dominant 
(e.g. in Switzerland); hay feeding during winter can cover more than 90% of the nutrient 
requirement of the dairy cows (Früh 2004). An example from Australia with beef cattle is 
given, based on pure grassland feeding (see Box 7.4).

Use of roughage
In organic farming much emphasis is put on roughage feeding, which may have great impact 
on health and disease patterns. In cattle, a high proportion of roughage will often be favoura-
ble to the rumen environment and will result in less metabolic disease (e.g. Danish Cattle 
Advisory Board 1998). Recent observations on ruminal acidosis suggest that problems may 
arise and need further investigation. In organic pig production, the use of roughage such as 
pH-lowering silage, may reduce the incidence of gastrointestinal bacterial infections like sal-
monella, dysentery and lawsonia, but increase the prevalence of nematodes (Petkevicius et al. 
1999). The extensive use of roughage can be problematic due to its low energy density compared 
to most concentrates, as it may dilute ration energy density to a level too low for a high level of 
production, referring to the potential conflict described above with breeding for high produc-
tion. This may present a higher risk associated with unbalanced diets, especially a shortage of 
energy combined with an excess of crude protein (Sundrum 2001). In Norway, this caused 
lower reproductive efficiency in cattle in the mid 1990s (Reksen et al. 1999), because commer-
cial organic concentrates were not available and the farmers had to rely on home-grown forage. 
In most European countries, organic milk production varied between 80% and 95% of the 
level found in conventional herds, probably due to a lower energy level in the rations. In a 
Danish study, the level of subclinical ketosis in organic dairy herds was found to be at the same 
level as conventional, but occurring at a later stage of lactation than in conventional herds, 
despite the larger negative energy balance between production and feed-intake in organic 
herds (Vaarst 1995). This was explained by the accessibility to feed 24 hours per day, daily 
exercise and the feeding of offspring with roughage.

Challenges in tropical areas: feeding from ‘organic by default’ to ‘organic as a 
goal’
Much of the existing organic livestock production takes place in relatively intensive produc-
tion systems in Europe and North America, but we should also consider the potential develop-
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ment of organic production systems in other countries, such as in tropical countries. Many 
systems can almost be regarded as ‘organic by default’ except for the relatively extensive use of 
medical drugs in order to control vectorborne diseases (see Animal disease treatment in organic 
animal husbandry). Since many systems are based primarily on grazing, the possibilities from 
changing from ‘organic by default’ to ‘organic by principle’ will be discussed briefly below in 
relation to grazing. However, it is also relevant to discuss and explore other systems in relation 
to potential conversion to organic systems. In Box 7.1, we give an example of how a zero-
grazing smallholder dairy system can potentially develop into an organic production system, 
using home-grown feed and developing from completely zero-grazing to partly pasture based. 
The challenge in many existing systems is to change from the reliance on importing feed con-
centrates onto the farm and to initiate the production of improved pasture and legumes for 
high production cows. Beside this, it is relevant to discuss the suitability of Holstein-Friesian 
cattle in tropical farming systems in terms of ‘naturalness’, disease resistance, supporting the 
local environment and recirculation.

The organic dilemma in monogastric animals: the protein sources
One particular area of concern is the feeding of protein to monogastric organic animals. In 
conventional production, current production relies on providing supplementary synthetic 
amino acids. Poultry has a high demand for sulfur-containing amino acids and pigs have a 

Box 7.1  An example from East Africa: a well-balanced 
feed ration from improved pasture results from changing 

zero-grazing systems to grazing systems

Today’s zero-grazing system
Zero-grazing systems are often placed in urban or periurban areas, or in villages where 
land priority is a culture of cash crops and human food. Dairy cows are normally 
crossbred between local zebu or boran and exotic breeds like Holstein Friesian.

Feed ration: Forage based on cut and carry grass is often poor quality from communal 
areas such as river beds and road sides, and residues from cash crops or human food 
crops (e.g. maize stover, rice straw and banana pseudostem). Concentrates are based on 
local (national) residues like maize bran and cottonseed meal.

Possible future ‘organic’ system, with daytime grazing
Feed ration: Forage could be based on short daytime grazing on cultured paddocks with 
a grass–legume mix, barn feeding with cultured (cut and carry) grass and leaves or twigs 
from a legume tree (e.g. Calliandra), hedges and residues from cash crops and human 
food (e.g. maize stover, rice straw, banana pseudostem, sweet potato vines). Depending 
on seasons, forage conservation (e.g. hay) may be necessary. As a result of improved 
forage quality, concentrate feeding can be kept to a minimum, and based on home-
grown concentrates and/or on residues from organic human food production.

Bottlenecks to changing from zero-grazing
Many current zero-grazing systems are urban or periurban, with no land for grazing. 
Certified organic production makes the use of cut and carry forage from free ‘communal’ 
areas impossible. There is a limited market for certified products. Grazing land is often far 
away from the fresh milk market. Zero-grazing offers some advantages with regard to 
disease prevention (e.g. freedom from some vectorborne and parasitic diseases).
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high demand for essential amino acids. It is impossible to cover this requirement through 
‘natural feed stuffs’, and these productions, therefore, rely on high nutrient density imported 
feed. It is difficult to compensate for this shortcoming, and more research as well as experience 
is needed to develop strategies that meet all requirements regarding animal health, welfare and 
production. Breeding goals emphasising this balance rather than only high animal production 
must be preferred as the most sustainable long-term solution to these problems.

Feeding for animal health and welfare: the method of feeding
In addition to the composition of the feed ration and the high quality of feed, clean drinking 
water should be included in the considerations regarding feeding when animal health and 
welfare is a primary goal of the herd, as well as the method of feeding. In Box 7.2, an example 

Box 7.2  The flat rate feeding strategy as applied in dairy 
production systems in Denmark

The flat rate feeding principle is illustrated in Figure 7.1. Within a herd all cows are given a 
fixed amount of concentrates irrespective of daily milk yield, and roughage is fed ad 
libitum. The length of the period with fixed amount of concentrates is typically from 
calving to 24 weeks postpartum, but on some farms it lasts the entire lactation. 
Kristensen and Kristensen (1998) have shown that the slope of the lactation curve is 
lower in organic farming than in conventional farming, and argue that one of the reasons 
is a long period with fixed amounts of concentrates and a high intake of energy from 
roughage. The high persistence was especially seen for cows in the first lactation, where 
the daily milk yield only dropped 0.33 kg per month from 6 to 36 weeks postpartum in 
the organic herds.

Roughage quality is a very important factor when using the flat rate feeding strategy. 
The variation between cows in energy demand has to be met by variation in roughage 
intake.
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Figure 7.1 Illustration of the flat rate feeding strategy, based on ad libitum feeding of 
roughage and a fixed amount of concentrate.
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of a feeding strategy in Danish dairy herds is given, supporting the intake of roughage, which 
is particularly suitable for an organic farm.

Also, feeding in order to meet the special nature and demands of each animal species is 
needed. Different animal species have different needs for combining eating behaviour with 
other types of behaviour such as rooting or foraging (Waiblinger et al. 2004). Incorporating 
this concept into animal production systems means that animals, in accordance with their 
natural behaviour, should be given the opportunity to remain in groups, have access to eating 
at the same time, and be given as much freedom of choice as possible to drink, eat, lie down 
and move. Transition periods such as between summer and winter, or from lactation (or pro-
duction) to dry periods should be gentle.

Grazing and grassland management
Almost 60% of the certified organic land area is grassland (Hamm and Gronefeld 2004). On a 
global level, many challenges exist in terms of grassland farming under different conditions 
(not only certified organic), ranging from sub-Saharan Africa, where 50% of farmers are either 
pastoralists or agropastoralists, and where much land is communal grazing areas, partly 
involving transhumance. In European countries such as Switzerland, Romania, Poland, 
Scotland and Norway, different grazing systems exist on large land areas, whereas other coun-
tries such as Denmark, the Netherlands and the UK have systems where detailed planning of 
grassland and other crops is necessary. This is important in order to maintain harmony of a 
farm level with very limited land in relation to the number of animals, including limited per-
manent grasslands (Younie et al. 2004). In Box 7.3, an example is given of feeding and the 
resulting milk production based on management of an integrated crop–livestock system with 
an intensive dairy herd in Denmark.

In Box 7.4, an example is given of Australian organic grassland farming as an example of 
organic production of beef based on pure grazing systems. The rangelands of Australia cover 
around 70% of the continent. Livestock production is the most widespread use, being largely 
an ‘organic-by default’ production system involving minimum inputs and low intensity pro-
duction with native pasture species and in some instances, improved or supplemented pasture. 
Stock handling is kept to a minimum, with cattle being mustered on average twice per year, 
which may include using horses, motorbikes, vehicles, helicopters or light planes. The carrying 
capacity of some types of country can be as low as one steer per square kilometre. The Channel 
Country is a significant part of the internally draining Lake Eyre Basin where rain falls in the 
subtropics and traverses hundreds of kilometres through arid areas to drain into Lake Eyre, 
bordered by deserts. Livestock are predominantly beef cattle (Bos taurus or Bos indicus) with 
sheep in the semi-arid zones. Bos indicus breeds prevail in the humid tropics and subtropics, 
thereby minimising issues associated with cattle tick or lice.

Health promotion and the human role in organic animal herds
In Chapter 8, Lund discusses the role of humans in relation to the welfare of the individual 
animals on a farm. In regard to health and wellbeing, knowledge of the behavioural patterns of 
the animals is important, as well as the intense surveillance of the animals and the herd 
combined with immediate intervention when necessary. In some systems with large flocks of 
animals, for example in Australian beef herds, the individual animal may be living a highly 
natural life, but it is not as closely looked after as an individual animal in more intensive pro-
duction systems. In the latter case, closer proximity means the farm operator is more likely to 
observe problems and intervene early, reducing possible prolonged suffering.
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In any farming system, it is the responsibility of the farmer to ensure that no animals suffer, 
and that they have sufficient feed and water. In organic farming, because the goals for animal 
health and welfare emphasises ‘naturalness’, there is the further obligation to ensure that animals 
have their natural and species-specific needs fulfilled as far as possible. This adds some specific 
demands to the daily as well as the strategic management of the animals and the herd (Vaarst et 
al. 2004b). Letting animals live a flock life and an outdoor life means adding risks to their lives 
compared to a ‘safe and uncomplicated life’ such as in individual housing or cage systems, where 
inspection is easier. In addition to the importance in disease management to intervene immedi-
ately when necessary, the farmer develops a specific role for the human care-taker, in the organic 
herd on the strategic level. The farmer creates a framework for the animals that allows them to 
live a life where natural needs are fulfilled to a large extent, and on the daily management level to 
work within this framework by inspecting the animals and their surroundings carefully, but only 
intervening and ‘becoming visible’ when there is some kind of crisis.

Box 7.3  High milk yield can be obtained from large 
amounts of pasture and silage of high quality

Organic dairy production can be combined with high milk production, based on cows with 
high genetic merit and ad libitum feeding of roughage as silage or pasture (Mogensen and 
Kristensen 1999, Nicholas et al. 2004). The marginal effect on milk production of increasing 
amounts of concentrates is often low, when high quality roughage is fed ad libitum. This 
was confirmed in a long-term experiment by Sehested et al. (2003), where milk production 
increased only 0.73 kg milk/kg extra dry matter of concentrates.

An example of feeding and resulting milk production in a Danish organic herd with all 
year round calving is shown in Figure 7.2. The average herd production was 9000 kg 
milk. Daily feed intake and milk production is averaged for all cows (lactating and dry) in 
the herd.
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Figure 7.2 An example of feeding a mixture of concentrates, pasture, grain and silage and 
resulting milk production in a Danish organic herd with all year-round calving.
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Animal disease treatment in organic animal husbandry

Intervention in any case of potential crisis: critically important
One aim of organic farming is to reduce the use of synthetic chemical substances. However, 
disease must be treated for animal welfare reasons, and the most effective treatment will often 

Box 7.4 Organic beef production in the OBE Beef 
organisation in the Channel Country in Australia, where 

the climatic and environmental conditions almost formed 
an organic-by-default production

OBE Beef is an alliance of 40 individual cattle producers formed in 1996 and centred 
around the unique Channel Country of southwest Queensland and northeast South 
Australia. OBE Beef manages an area of more than seven million hectares with a 
combined herd in excess of 100,000 cattle. OBE Beef is Australia’s largest organic beef 
supplier, involving the partners in all stages of the supply chain from production through 
to marketing and promotion.

The decision to obtain certified organic production status was considered by the OBE 
Beef founding members to be a logical extension to their current low intensity 
production systems. The certification process for individual properties took up to three 
years to meet International Federation of Organic Agriculture Movements (IFOAM) 
standards as accredited by the National Association for Sustainable Agriculture in 
Australia (NASAA) (AFFA 2000). Existing management systems were adapted to an 
organic management plan covering record keeping, physical structures and maintenance 
of property resources (e.g. testing the soil for chemical contamination, erection of 
approved fences and stock handling facilities such as yards and loading ramps, and the 
provision of good quality water supplies). Ongoing monitoring of the condition of the 
natural resources is fundamental to OBE Beef operations, ensuring environmental 
sustainability. Any supplementary feed brought onto the properties, such as hay, had to 
be organically grown and stored appropriately.

A high standard of animal husbandry has to be maintained. Stud bulls are introduced 
into the organically accredited herds following appropriate quarantine. The herds are 
otherwise self-replacing. An electronic identification system for individual animals 
completes the quality traceability system.

Cattle are processed at a fully certified abattoir near Toowoomba, Queensland, a 
distance of up to 1600 km for some partner properties. The transportation and slaughter 
processes are rigorously controlled to avoid contamination and ensure separation from 
non-organic stock. Specific standards were developed for transport and handling of the 
stock over this distance, and endorsed by NASAA.

Measures adopted to ensure the continuity of production included production of 
organic hay and agreements to agist cattle on certified organic properties closer to the 
processing plant during dry times.

With assistance from the Australian Government, OBE Beef originally targeted the 
markets of Japan, learning valuable marketing skills and developing important 
relationships with their Japanese trading partners. Their first export shipment to Japan 
was in 1998, including taste testing and customer seminars presented by some of the 
OBE partners. Sales have continued to grow, with export countries now including USA, 
some European countries as well as sections of the Australian domestic market. The 
volume of organic beef exports is around 0.1% of Australia’s total beef exports, providing 
considerable opportunities for further expansion.
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be considered to be biomedical veterinary medicine of synthetic chemical origin. The compro-
mise in European countries regarding the use of synthetic chemical veterinary medicine, is to 
encourage health promotion and non-medical disease prevention by demanding a two to three 
times prolonged withdrawal time after treatment, and a limited number of treatments per 
animal per year or lactation.

The farmer has a responsibility to act and intervene appropriately in relation to each individ-
ual animal in the case of disease. It is not a question of whether to intervene, but about which 
form of treatment, if any, will best prevent suffering and aid recovery. Instead of thinking only of 
disease treatment, options for supportive treatments should be considered. These comprise ways 
of supporting the animal in an unbalanced health state to recover (Vaarst et al. 2004a). Taking 
dairy production as an example, a solution could be milking by hand between machine milkings 
very early in a mastitis case; providing extra bedding in critical situations (e.g. after calving), 
using soap and water to clean infected wounds, traumas or some claw disorders (e.g. abscesses). 
Longer term strategies include culling, drying off single udder glands, and letting cows with high 
somatic cell counts stay together with suckling calves for a short or long period. Careful inspec-
tion of animals and their products (e.g. milk) is of crucial importance, and immediate reaction 
to any critical condition is the most important factor. Many of these interventions have relatively 
high labour demands, such as udder massage and milking by hand, which may limit their rele-
vance in, for example, intensive northwest European farming systems.

Previous and ongoing Danish studies show that the basic ideas of organic farming can be 
seen as stimulating a great effort to improve the health situation in herds, including disease 
management by farmers. In interviews, many organic farmers have described a ‘conversion in 
the herd and heart’, which made them take responsibility for their own animals in a new way 
instead of just calling the veterinarian (Vaarst 1995, Vaarst et al. 2003).

Alternati�es to con�entional disease-treatment methods
In the US organic livestock standards, there is a complete prohibition of biomedical product use, 
which emphasises the need for the development of sustainable treatment methods for organic 
animals. EC Regulation No. 1804/1999 states that ‘diseases of organic farm animals must prefer-
ably be treated with phytotherapeutic products or homoeopathic solutions provided that their 
therapeutic effect is effective for the species of animal and the condition for which the treatment 
is intended’. Phytotherapy represents a wide range of different methods and substances primarily 
based on plant products, and will in many cases be defined within the framework of folk medicine 
(Kleinman 1981). Homoeopathy is a medical school with its own theory and practice, and 
presents an approach to health and disease very different from that of conventional biomedicine. 
In several European countries, there has been a discussion of the legal status of phytotherapeutic 
as well as homoeopathic products, as they are not registered for use in production animals, which 
forms a bureaucratic restriction on the development of these methods. Development of various 
research frameworks and study designs have been discussed (Hektoen 2004, Fossing 2005), to 
create a better understanding of the mechanisms of this treatment method. Acupuncture and 
chiropractic are other options for the treatment of production animals. As with any treatment 
method, they will demand a relatively high level of specific education. Acupuncture treatment 
will often require a veterinarian, and sometimes a treatment will take 20–60 minutes, which 
limits its use in many situations. In production animals, acupuncture has been shown to be par-
ticularly useful in reproduction disorders of all kinds including birth situations.

The in�ol�ement of the �eterinary ad�isers
In relation to health promotion and disease prevention as well as disease management, the role 
of the veterinarian and other animal health professional advisers should be to support the 
farmers in fulfilling their goals for the herd as well as organic goals. In the UK, health planning 
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is a part of conversion to organic farming (Hovi 2003) and in Switzerland, a research and 
development project involving health planning in several organic dairy herds has pointed to 
the importance of the dialogue between farmers and advisers to develop organic strategies for 
better health and less disease (Walkenhorst et al. 2004). In Denmark, more studies have shown 
that farmers, to a small extent only, involve their veterinarian in the development of the organic 
herd, and that one major reason is a lack of understanding and support from the veterinarians, 
who do not consider ‘organic farming’ to be something special that they should relate to (Vaarst 
et al. 2003, 2005). Ellis and Hovi (2003) concluded in a working group report at a European 
workshop, that veterinarians seemed to have a general lack of knowledge and to be sceptical of 
organic farming. Schumacher (2004) concluded that, seen from a farmer’s point of view, the 
advisory system in organic farming is not adequately specialised. Consequently, a great poten-
tial seems to exist in terms of development of collaboration on strategies for health promotion, 
methods of alternative disease management, as well as ways of interacting for farmers and 
animal health professionals. One recent and apparently very fruitful development in the 
organic environment seems to be the adaptation of the so-called Farmer Field School approach 
from African and Asian countries to Danish organic dairy herds. The formation of farmer 
groups, where farmers advise fellow farmers, seems to support the search for innovative solu-
tions to health and disease problems, and thereby improves the health situation on the farm.

From organic li�estock production to organic animal food 
production: the whole food chain

Organic food: process quality and product quality
Two quality criteria can be used in organic livestock production:

1 process quality, a description of the way the food has been produced (e.g. animal welfare, 
environmental care); the things consumers ‘know’ about the product and which add a 
certain quality to it, influencing their choice of this product; and

2 product quality, which covers nutritional and sensory qualities, food safety qualities and 
possible health benefits.

Both aspects are important for organic food products, and both can be improved at the 
farm level through feeding and animal welfare related routines. Kouba (2003) concluded that 
there are no consistent differences in nutritional qualities between organic and conventional 
animal products, and no clear evidence that organic food contains more mycotoxins or is more 
or less microbiologically safe than conventional food (see Chapter 13). Consumers are also 
motivated to buy organic food to avoid genetically modified organisms and food irradiation.

Zoonotic diseases and food safety aspects
Several infectious agents can be transmitted from farm animals to humans through the food 
chain and cause disease (zoonoses). These diseases are often associated with highly industr-
ialised livestock production, but they also can occur in organic production. In particular, the 
risk for zoonotic infections with outdoor reservoirs, such as Campylobacter (in poultry), is 
increased. Another important zoonotic infection is Salmonella, although little difference in 
incidence of this infection is reported between organic and conventional production, in both 
poultry and pigs. However, several factors may reduce the risk: different feeding regime, lower 
stocking rate, grazing, feeding roughage (e.g. silage with a low pH). Salmonella bacteria may 
survive outdoors for up to one year, and therefore the resting period of pastures may be 
important. For example, Rodenburg et al. (2004) found 35% of organic poultry sampled 
positive in the Netherlands for Campylobacter and 13% for Salmonella. Von Borell and 
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Sørensen (2004) found that the measures for prevention of certain diseases and the risk 
factors for food contamination like Salmonella can be considered as premature. Trichinosis is 
an example of a zoonotic helminth infection that may have a reservoir in wild pigs and foxes. 
The risk that such an infection is introduced into outdoor organic pig herds is substantially 
higher than in indoor production (Jensen and Baggesen 2005), likewise toxoplasmosis 
(Kijlstra 2004). Bovine spongiform encephalopathy (BSE) is now regarded as a probable 
zoonosis. The disease was spread by recycling meat and bone meal made from infected sheep 
or cattle as feed for livestock, and had originated in the early 1970s from a novel source, 
possibly a cow or other animal that had developed the disease as a result of a genetic mutation 
(Phillips et al. 2000). Since BSE has been related to the consumption of bone meal, and this 
has not always been prohibited in non-organic herds, there might be a risk of BSE in animals 
that have been imported from conventional herds.

Biosecurity and risks connected to animal management
Certain production conditions present particular biosecurity risks. For example, where disease 
incubation or weed dispersal are difficult to control such as in intensive dairy systems or hill 
farming in the UK (Keatinge and Elliott 1997, van de Ven et al. 2003), there will be a greater 
likelihood of harmful organisms proliferating. The movement of animals between farms, 
often over long distances, adds additional biosecurity and animal welfare concerns. In many 
European countries animals for slaughter are transported from farms in remote areas to abat-
toirs, some of which are organically certified, or they are transported between farms and 
grazing areas. When discussing the potential for development of organic production in areas 
where this is not yet established, the export and import of animals, the transhumance and the 
use of communal grazing areas should be profoundly analysed and managed in the context of 
each specific region.

The NAHWOA Recommendations (Hovi 2004) call for the standards to give greater 
emphasis to biosecurity. However, smaller f lock sizes, low stocking rates and access to outdoor 
environments reduce the potential for other diseases associated with dense populations, high 
levels of inputs, enclosed environments and restricted movement.

Conclusions and future perspecti�es
Several challenges exist in animal health for organic livestock production, both in established 
organic farms and in areas where organic farming is developing. The prevalence of disease is 
still critical in many organic farming systems, and sustainable ways of managing organic herds 
still need further development.

One major challenge for a more global development of organic farming is to further infil-
trate the concept of ‘alternative systems’ into the many diverse existing farming systems. For 
example, communal grazing is a way of livestock production commonly practiced in large 
areas of the world, and this needs to be considered when converting to organic farming. It may 
involve conversion on the ‘communal level’ rather than the farm level in some cases.

Many farming communities are extremely resource poor. Even though there might not be 
a particular market for ‘organic products’ from or in these communities, organic practices still 
may be relevant to support both environmental and economic sustainability of the area; this 
may include using local resources and not relying on import of feed, drugs and animal breeds. 
They may serve as local beacons for a sustainable development.

Disease management should be based on health promotion efforts and disease prevention 
strategies. When disease occurs, rapid intervention using alternative strategies and disease 
treatment methods if possible, is critical. Veterinary services and extension need to be ‘con-
verted’ to a much greater extent to support the organic approach to animal health and welfare.
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The role of humans in the organic herds is to both support the possibilities for the animals 
to perform their species-specific natural behaviour, giving them as many opportunities as 
possible to live a ‘natural life’ (e.g. f lock life, outdoor life, mother–offspring relations), and to 
be care-takers who support animal wellbeing by fulfilling their nutritional requirements and 
who intervene whenever necessary to avoid a potential crisis.

With regard to organic feeding, many of the challenges regarding home-grown or locally 
grown, organic feed can be met by optimal crop rotation systems, high quality feed production 
in terms of pasture management and harvest at the right time, choice of the best crops, conser-
vation and storage under optimal conditions. However, some import into the farm seems nec-
essary, such as trace elements and minerals. The reliance by monogastric animals on synthetic 
amino acids in conventional farming systems needs to be met in organic systems using more 
sustainable, long-term strategies, including breeding and production goals. Differences 
between countries and regions with regard to farming systems seem bigger than the general 
difference between conventional and organic livestock systems.
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Introduction
Animal welfare is a question of the animal’s quality of life (Sandøe 1999) and is an area of 
increasing concern in Western society. In the European Union (EU), animals were officially 
recognised as sentient beings in 1997, in the Treaty of Amsterdam (EUR-Lex 2003), with 
England, Austria and Norway being examples of countries implementing new and stricter 
animal welfare legislation. In the United States of America (USA), the large fast-food chains 
have joined efforts with the supermarkets to establish some animal welfare regulations for 
their suppliers (Brown 2004).

In organic farming, there is a tradition of animal welfare concerns (Niggli and Lockeretz 
1996, Boehncke 1997, Roderick and Hovi 1999). The organic movement frequently identifies 
animal welfare as an important goal, but welfare is also an area where strong criticism regard-
ing organic animal production has been expressed. While some have argued that organic 
animal husbandry represents the best possible welfare in contemporary farming, representa-
tives from conventional agriculture have often been critical of the welfare of organic animals. 
Consumers have appreciated the organic way of raising animals (although this is not always 
reflected in the sales records of organic products, Magnusson et al. 2001), and animal welfare 
is regularly used as a positive marketing argument for organic animal products (Harper and 
Henson 2001).

The question has to be asked, what are the reasons for these diverging opinions regarding 
animal welfare in organic production systems? This issue will be examined in this chapter, 
evaluating the underlying values in organic farming and whether there is an animal welfare 
problem in organic farming.

Animal welfare and ethics
Although there is general agreement that animals should have a good quality of life, there is no 
agreement as to what this means in practice. A good example to illustrate this is the two dog 
owners who both claim they provide their pets with the best possible quality of life (Fraser et 
al. 1997). The first makes sure to give the dog nutritious food, extra vitamins and regular coat 
trimming and always keeps the dog leashed to avoid it getting run over by a car, eating some-
thing harmful or running away. The other dog owner is less concerned about a balanced diet 
or a well-trimmed coat. During long hikes, the dog runs loose and can play in the dirt and may 
occasionally find and eat rotten meat scraps. This owner wants the dog unleashed since this 
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will allow it to behave naturally, and is prepared to take some risks to give the dog the joy of 
freedom. The difficult question is: which dog has the better quality of life?

Even if we turn to science for advice, it will not be possible to give an indisputable answer 
to the question. Of course it is necessary to get all possible information and knowledge regard-
ing how certain conditions affect the animal’s quality of life. However, animal welfare is not 
only a matter of facts. It is also a question of what is considered important in life (Tannenbaum 
1991). Researchers and philosophers have for several decades attempted to establish one defi-
nition of animal welfare, but today there is a common understanding that animal welfare is 
not only about facts, but also about values. Consequently, the interplay between facts and 
values, or between science and ethics, makes a single definition impossible.

The practice of ethics (i.e. normative ethics) scrutinises our basic values: what we consider 
good or bad, right or wrong in life (Frankena 1963). Animal ethics in particular deals with the 
relationship between humans and animals and the norms that establish a good and right rela-
tionship. Fundamental questions such as the appropriate degree of welfare (do animals have a 
right to claims on welfare at all, or can they without further thought be used for human pleasure?) 
have to be addressed. If we decide that animals should be granted welfare, then in this world of 
limited resources, the next question to be answered is when is welfare ‘good enough’?

Ethics also includes welfare quality: what is good quality of life for an animal? Therefore, 
when evaluating animal welfare issues in organic farming systems, we need to understand if 
particular organic ‘values’ can be used to help guide decisions regarding appropriate quantity 
and quality of animal welfare.

Organic �alues
Organic farmers are a heterogeneous group, having various goals and opinions. However, the 
development of organic farming, including standards for organic production, has been pursued 
by the organic movement based on some shared values. When the values of organic farming 
are discussed in this chapter, the values refer to those of the organic movement, not individual 
farmers. Organic farming has substantial roots in ecological and biological farming practices 
espoused in the early 20th century (e.g. Balfour 1943), and in the environmental movements 
from the 1970s and 1980s (Christensen 1998). Biodynamic farming is an exception, since it is 
based on the philosophy of Rudolf Steiner and his ideas about farming (Steiner 1929). However, 
in spite of this different philosophical background, practical biodynamic animal husbandry 
has much in common with that of other parts of the organic movement. Here biodynamic 
farming will not be further considered.

It is possible to relate basic values in organic farming to ethical theories (Lund and Röck-
linsberg 2001, Verhoog et al. 2004). Such theories dealing with the human–animal or human–
nature relationship are often roughly divided into four categories depending on their focus of 
moral concern (moral concern implies that humans in their actions must consider the inter-
ests or rights of those beings or entities encompassed by it). These categories include: anthro-
pocentric, sentientistic, biocentric and ecocentric theories (Stenmark 2002):

1 anthropocentric theories argue that only humans have direct moral status;

2 sentientistic theories argue that all sentient beings have direct moral status;

3 biocentric theories defend the view that all living beings have direct moral status, regardless 
of sentience; and

4 ecocentric theories state that all species, ecosystems and other relevant features in nature 
have direct moral status.
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As used here, these definitions do not deal with the question of intrinsic value, since it is 
theoretically possible to assign an entity intrinsic value but not direct moral concern; con-
versely, an animal can be the focus of moral concern but be independent of, or without, an 
intrinsic value (Röcklinsberg 2001).

The relationship among these different approaches is illustrated in Figure 8.1.
Aldo Leopold, a leading ecocentric theorist and biologist wrote: ‘A thing is right when it 

tends to preserve the integrity, stability, and beauty of the biotic community. It is wrong when 
it tends otherwise’ (Leopold 1949, pp. 224–225). This statement emphasises the holistic view 
and systems approaches associated with ecocentric ethics.

Organic farming is substantially based in ecocentric ethics (Alrøe et al. 2001, Lund and 
Röcklinsberg 2001, Verhoog et al. 2004). Ecocentric ethics largely responds to the same kind of 
issues that organic farming views as central, in particular the environmental concerns and the 
aim for a holistic view, and such a view has consequences for how ‘quality of life’ for farm 
animals is understood.

Is animal welfare an issue according to organic �alues?
Ecocentric ethics focus on nature as a whole, and the most important objective is to maintain 
or create well-functioning and sustainable ecosystems, which fits with the values espoused by 
the organic farming movement. From the principles of organic farming (IFOAM 2000), as well 
as IFOAM’s published policy papers, it is clear that in general, the organic movement’s primary 
goals focus on ecological sustainability rather than on animal welfare. Of the 17 general prin-
ciples stated in the IFOAM Basic Standards, 13 deal with sustainability and only one explicitly 
with animal welfare.

The ecocentric approach essentially sees the wellbeing of individual animals living in the 
systems as secondary to the wellbeing of the system itself. For example, the organic view is that 
treating animals with chemical substances, antibiotics or other compounds that may affect the 
ecosystem negatively should be avoided, irrespective of the consequences for individual 
animals. The use of such substances is also considered unsustainable since the microorgan-

Sentientistic

Biocentric

Ecocentric

Anthropocentric

Figure 8.1 The four main categories for ethical theories dealing with questions regarding human–
animal and human–nature relationships: anthropocentric, sentientistic, biocentric and ecocentric 
(Leopold 1949, Singer 1981). The idea of an evolution of ethics, however, has been discussed by 
several philosophers before Leopold and Singer such as Albert Schweizer, Thomas Huxley and Peter 
Kropotkin as well as by Charles Darwin).
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isms will eventually become resistant (Ministry of Agriculture, Food and Consumer Affairs 
1997, see also Sangster 1999, Hugoson and Wallén 2000) and there is the risk of food residues. 
Thus, the American national organic standards prohibit any use of antibiotics if products are 
to be labelled as organic (AMS-USDA 2000), while the EU allows a maximum of ‘three courses 
of treatments with chemically-synthesised allopathic veterinary medicinal products or antibi-
otics’ within one year (Council Regulation 1999). This conflict between the wellbeing of the 
system and that of the individual is a dilemma for organic farming and may be a contributory 
cause of the criticism about animal welfare in organic systems.

Clearly ecocentric ethics do not offer an obvious focus from which to develop an animal 
ethics framework for organic farming. However, there are other less radical versions of ecocen-
tric ethics where individuals are also considered to have moral significance. This ‘ecocentric 
pluralism’ assigns value both to ecological entities, such as ecosystems and species, and to 
individual organisms (Stenmark 2002). It can also be argued that ecocentric ethics is based on 
a fundamental respect for nature and recognises the interconnectedness among all living 
beings and between them and their environment; hence, animals (as well as humans) are 
inseparable and important parts of nature and must therefore be treated with care and respect. 
Consequently, animals can be seen to have moral standing and are more than just a means of 
production, deserving respect and consideration as important members of the ecological com-
munity. For example, some ecocentric philosophers, such as the Norwegian Arne Næss, argue 
that all living beings are united on a metaphysical level and accordingly, humans will also be 
harmed if animals are harmed (Næss 1985). Others have argued that domesticated farm and 
companion animals are an integrated part of the human society, and for this reason they 
deserve good welfare just as human children do (Callicott 1989). Lund et al. (2004a) have sug-
gested that farm animals should be respected as co-workers in the agroecosystem and for this 
reason they are entitled to good welfare.

Established moral theories such as utilitarian animal ethics and animal rights are inade-
quate for anchoring animal welfare concerns in organic production systems (Lund et al. 
2004b). Utilitarianism, so far the dominating paradigm among Anglo-Saxon animal ethicists, 
considers the suffering, needs and interests of individual animals (Singer 1990), but its one-
dimensional focus on consideration of utilities, interests or pleasure is less suitable for farming. 
Slaughter is not completely prohibited in Singer’s utilitarian view, but whether it is permissible 
depends on how one values the interests of the actors involved. For example, the interest of the 
gourmet meat eater to consume meat must be weighed against the interests of the animal that 
is going to be slaughtered. This could be acceptable if, for example, the animal has a fractured 
leg and faces a long and complicated convalescence that may affect its interest in continuing 
life, or it could be argued that an animal has no concept of its death and thus does not get its 
interests violated if it is painlessly and unknowingly slaughtered. Still, it is very difficult to 
justify commercial farming from a sentientistic utilitarian position.

In addition, organic farming has a different understanding of the individual animal in the 
moral and ecological order as well as of pleasure, pain and suffering. An ethical position setting 
the bounds for moral concern at sentient beings does not work well for organic agriculture, 
which also includes other objects as morally relevant.

Animal rights theories (e.g. Regan 1983) fail as a complementary philosophy for organic 
animal husbandry since they see the inherent value of sentient animals equal to that of 
humans. This makes animal agriculture impossible (Fraser 1999) and according to the pro-
ponents, all forms of animal agriculture should be abolished (Regan 1983). Thus, these two 
models of well known and frequently used animal ethics theories do not help organic 
farming to find an animal ethics that can give guidance on how organic animals should be 
handled.
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To conclude, the answer to the question of whether animal welfare should be a concern for 
organic farming must be yes. Animal welfare concerns have been an integral part of organic 
farming from the beginning and can be defended within values espoused by ecocentric ethics.

The organic understanding of animal welfare
The scientific-philosophical debate regarding what animal welfare really is has resulted in 
three (partly overlapping) categories of definitions (Duncan and Fraser 1997):

1 The subjective experience approach argues that the welfare of the animal depends on how the 
animal experiences its situation; that is, what matters is its subjective feelings like pleasure, 
pain or fear (e.g. Sandøe and Simonsen 1992, Duncan 1993).

2 The biological functioning approach emphasises the animal’s biological function, therefore 
welfare, can be measured through traits such as health, production and reproduction. Satis-
factory performance of these functions implies that the animal has good welfare. In one of 
the most widely used welfare definitions, ‘coping successfully with the environment’ is 
included along with biological functioning (Broom 1991).

3 The natural living approach proposes that an animal’s welfare depends on its capacity to 
perform a natural behaviour and living a ‘natural’ life in accordance with its genetically 
encoded nature or ‘telos’ as suggested by Rollin (1993). Bernhard Rollin writes (p. 48): ‘Not 
only will welfare mean control of pain and suffering, it will also entail nurturing and fulfil-
ment of the animals’ natures.’

The third category is possibly in best accordance with organic values. Not only is natural 
behaviour important, but also food adapted to animal physiology and an environment similar 
to the biotope natural to the species are considered important. Studies of organic farmers 
suggest that they understand animal welfare primarily in terms of ‘natural living’ (Lund et al. 
2002, 2004b).

In the organic view, natural living is assigned a value in itself, and the fulfilment of the 
animals’ natures ranks higher than the absence of pain and suffering. Natural living is consid-
ered not only as an instrument but also to have inherent value. As an instrumental value, it 
would be preferred only in as much as it would make the animal feel better or become health-
ier. Allowing animals a natural life is considered positive in itself, so that some negative experi-
ences for the individual may be tolerated to achieve the positive. To an extent, negative 
experiences are perceived as a natural part of life that can never be completely removed from 
an individual animal’s spectrum of experiences (Alrøe et al. 2001, Lund and Röcklinsberg 
2001, Lund et al. 2004b). This does not imply that such experiences are not negative for the 
individual as they happen, but rather that they are an important part of the functional feedback 
system connecting individual behaviour and the surrounding world (Lund 2002). This 
approach is also discussed by Vaarst et al. (2000), who argue that although ‘a natural life’ does 
not guarantee the absence of pain, frustration and discomfort, contact with nature may add 
certain favourable qualities to the life of an animal, the implications of which are not always 
measurable. Vaarst et al. (2000) prefer to talk about ‘valuable experience’ and ‘a good life’ 
rather than animal welfare:

A valuable experience may (but not necessarily) contain elements that seem to have 
a short-term negative impact on the individual, but it nevertheless makes the 
individual learn something that is of longer term value.

If this approach is further developed, different kinds of negative experiences may be valued 
differently. For example, many of the welfare challenges in contemporary farming occur either 
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because the animal has an adaptation that can no longer find a function in modern rearing 
systems or because the animal lacks adaptations to such systems (Fraser et al. 1997, Figure 8.2). 
Thus, the stress caused because the animal lacks adaptive strategies to handle the situation 
(e.g. a noisy fan in the pig house) may be considered worse than the stress outdoor pigs experi-
ence with the fox sneaking around their paddock, since animals in the wild are primed to deal 
with unpredictable conditions, of which predators are an important part. This should by no 
means stop farmers from protecting their piglets from foxes (albeit by other means than by 
eradicating the fox population, since the means used must comply with the ecocentric frame-
work). However, the pigs would have to live with the possibility of being exposed to this kind 
of stress, which should not be the case with the noisy fan. It could, of course, be questioned 
whether it would be a valuable experience for the pigs, in the sense discussed by Vaarst et al. 
(2000), but it would expose the animals to a wider range of experiences, and add ‘excitements’ 
that would still be within their genetic adaptation. Thus, in Figure 8.2 the fan would represent 
a ‘type 2 challenge’, whereas the fox would be a ‘type 3 challenge’.

The ecocentric philosopher Holmes Rolston (1988) suggested handling the dilemma of 
animal suffering through applying ‘a homologous principle’ in animal husbandry: ‘Do not 
cause inordinate suffering, beyond those orders of nature from which the animals were taken. 
[…] Culturally imposed suffering must be comparable to ecologically functional suffering.’

The same view can be found in the organic farming movement (Lund 1996). The organic 
understanding of animal welfare differs somewhat from that commonly used in conventional 
farming, where the biological functioning approach is usually seen as the norm. Researchers 
also prefer the latter approach, since it makes it comparatively easy to quantify welfare states.

Therefore to some extent, the criticism of animal welfare in organic farming may stem 
from a different understanding of what welfare is. While organic farmers may believe their 
chickens have good welfare because they have a (relatively) free life in an environment that 
allows them to perform most of their natural behaviours, the conventional farmer or scientist 
may focus on the risk of parasite infections, predator attacks, cannibalism and the home-
grown feed with low content of certain essential amino acids. From their point of view, the 
welfare of these animals is being compromised.

Is there a general welfare problem in organic production systems?
Several issues must be considered when trying to answer the question of whether there is a 
general animal welfare problem in organic production systems. The first one is the issue of 

1. Adaptations that no
longer serve an important
function 3. Challenges for which the

animal has corresponding
adaptations

2. Challenges for
which the animal
lacks corresponding
adaptations

Circle A:
Adaptations possessed
by the animal

Circle B:
Challenges faced
by the animal in
its current
circumstances

Figure 8.2 Many of the welfare challenges in contemporary farming occur either because the 
animal has an adaptation that no longer can find a function in modern rearing systems or because 
the animal lacks adaptations to such systems (after Fraser et al. 1997).
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what ‘good quality of life’ should imply for animals. Since there is no ‘right’ definition, it is 
necessary to be explicit in how the concept is defined for each individual case.

A second issue is that any production system has its weaknesses and its strengths, such as 
revealed in the introductory example with the two dog owners and their dogs mentioned 
earlier. In organic farming, many of the problems stemming from intensive production and 
crowded conditions are absent or at least less frequent. Problems of abnormal animal behav-
iours (e.g. tail biting in pigs), extreme production targets, or feeding regimens not adapted to 
the biology of the animals are less likely to be found, as are ‘production’ diseases such as respi-
ratory diseases associated with crowding and housing (see also Sundrum 2001). Instead, 
problems are connected with less disease control (e.g. parasite infections in outdoor produc-
tion) and the creation of greater risks associated with allowing the animals a more natural and 
less restricted life. Different attitudes and strategies for management and feeding among 
organic farmers may also result in other types of welfare problems in organic systems compared 
to conventional systems.

Third, organic animal husbandry does not have a long tradition and is therefore still being 
developed, with research efforts needed to identify and improve practices that may cater to the 
welfare needs of individual animals. It also takes time to ‘convert’ the thinking of (previously 
conventional) farmers to develop the skills necessary to manage a production system such as 
organic farming that is reliant on biological and ecological services to achieve production 
objectives. Therefore, not only the current situation is of interest, but also the welfare potential 
of organic systems should be considered. The organic standards have a substantial welfare 
potential. For example, they are generally more far-reaching and detailed than the animal 
welfare legislation in many countries, including requirements regarding environment enrich-
ment and access to pasture. It can be argued that animals that live in stimulating environ-
ments (that usually applies to free-range conditions) where they can behave naturally are more 
likely to have better welfare than animals kept in barren environments. Organic standards 
often restrict or ban mutilations such as tail docking, castration and beak trimming, and 
several certifying organisations (including the EU regulations) also require humane treatment 
during transport and slaughter.

Dilemmas
There are welfare dilemmas that organic farming needs to address. The conflict between 
system wellbeing and individual welfare has already been discussed. Another dilemma caused 
by the ecocentric approach (and another reason why animal welfare in organic farming has 
been criticised) is the conflict between the natural living principles versus individual welfare 
interpreted in terms of ‘prevention of suffering’ or ‘promotion of health’. The high value placed 
on natural living by organic producers implies that a more natural (and thus less controlled) 
environment is preferred to a well-controlled environment where the animal is protected from 
dangers but is less able to have a ‘natural’ life. Thus, organic systems stipulate free-range 
systems for poultry even though outbreaks of feather pecking or cannibalism can cause con-
siderable damage in such systems (Bilcik and Keeling 1999). Organic poultry production was 
criticised in the mid-1990s by the Danish Ethical Council, who identified mortality figures in 
organic systems as being twice those of conventional poultry herds (Danish Ethical Council 
Concerning Animals 1995). However at the same time, risk of cannibalism outbreaks can be 
reduced by inclusion of management options such as provision of foraging opportunities in 
free-range systems (e.g. Wechsler and Huber-Eicher 1998). Further examples of this dilemma 
are the preference for natural mating, although artificial insemination programs are superior 
with regard to disease resistance and elimination of deformities, and the principle of outdoor 
grazing is favoured in spite of higher risks for parasitic diseases such as Coccidiosis and Ascarid 
infections in poultry, piroplasmosis in cattle, and trichinosis and Erysipelas infections in pigs.
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A further dilemma is that of organic animal welfare and food safety, since outdoor rearing 
also increases the likelihood of problems with zoonotic parasites such as Salmonella and 
Campylobacter. These are not welfare problems for the animals, but may cause health problems 
for humans who eat animal products.

Improved management, breeding and system development can overcome many of the 
problems connected with natural living, and while these problems reflect differences in underly-
ing value systems it is important for the organic movement to recognise that natural living and 
organic feed of themselves are not enough to guarantee the welfare of the individual animal.

Welfare effects of organic feed
The organic requirement to feed roughage to all species is generally beneficial for the animals. 
This is particularly true for ruminants and also for pigs and poultry, for which it functions as 
‘behavioural therapy’ and provides a fibre supplement in the diet, stimulating digestion. 
Roughage in pig diets can decrease the risk of infection with detrimental bacteria such as dys-
entery (Shigella spp.), but it may also increase the occurrence of certain parasites (nematodes) 
(Petkevicius et al. 1999).

There have been concerns that the lower intensity feeding due to limited concentrate feeding 
would result in diseases such as milk fever in dairy cows. However, these worries have not been 
confirmed. On the contrary, organic dairy cows appear to have fewer problems with metabolic 
diseases than conventional cows (Lund and Algers 2003). In poultry, there is a problem of how 
to provide high-producing poultry with enough methionine and to some extent lysine (to 
growing animals), particularly in regions where the climate prohibits soybean growth. The 
problem has arisen as both IFOAM and EU standards have banned synthetic amino acids in the 
feed and have limited the use of products of animal origin (naturally part of poultry diets), and 
are moving towards requiring 100% organic feed. Whether feed enrichment with synthetic 
amino acids (corresponding to adding vitamins to the feed) is the best solution to the problem 
is a debateable and complex issue that cannot be fully discussed here. From a welfare perspec-
tive, it appears an acceptable solution, considering that the alternative is usually either defi-
ciency or overfeeding with protein. In particular, the first option imposes considerable stress on 
the animal and increases the risk of feather pecking (e.g. Wahlström et al. 1998).

In some countries (particularly those where organic farms are relatively few) only limited 
amounts of organic feed are available. This may create welfare problems, since it becomes dif-
ficult and expensive for farmers to supplement poor harvests with purchased feed. The alter-
native, to buy conventional feed, is also expensive since the animals then must go through a 
new conversion period before the products can be sold as organic.

Research results regarding welfare in organic systems
There is limited scientific knowledge about animal welfare in organic herds. The few published 
studies deal with health only and not welfare in general. Most of the published studies are con-
cerned with dairy production, rather than more intensive productions systems of pigs and 
poultry, where the differences between organic and conventional systems are greatest. Gener-
ally, these studies indicate that animal health in organic herds is the same as or better than in 
conventional herds, except for parasite-related diseases, which are more frequent in organic 
farming (Lund and Algers 2003). This suggests that the criticism of organic farming and 
problems related to parasite infections may be justified. Apparently the control of internal as 
well as external parasites is an area where organic farming has not yet managed to develop 
good alternatives to conventional treatments. The animal welfare effects of these parasitic 
infestations, at least for pigs and poultry (S.M. Thamsborg, pers. comm., 2005), are difficult to 
judge, but parasite infestation must be regarded as a risk factor for animal welfare, even when 
no symptoms are apparent.
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Although omitted antibiotic treatment is often mentioned by veterinarians as a problem, it 
does not appear as higher somatic cell counts or incidences of mastitis (e.g. Vaarst and Benneds-
gaard 2001, Hamilton et al. 2002). Other methods seem to be applied instead, and antibiotic 
treatment is still used for the severe cases. Thus, this problem may be overestimated, although 
practices differ among countries.

Overall, it appears that organic farming does not have a general welfare problem, but rather 
provides an opportunity to improve welfare if the correct management systems are used. 
However, there are certain areas or dilemmas that need to be addressed.

Organic farming and the traditional animal protection 
mo�ements
The animal protection movements and organic farming movements have different back-
grounds and history. While the former traditionally focus on the welfare of individual animals 
and animal experimentation, most of the welfare concerns of the early ‘alternative’ agriculture 
movements focused on the negative effects of industrialised animal production. Just as the 
book Silent Spring (Carson 1962) became an environmental alarm clock, Animal Machines 
(Harrison 1964) had similar effects regarding livestock production. These publications con-
tributed to the interest in alternative ways to practice agriculture that grew during the late 
1960s, mainly out of an interest in environmental issues and a wish to create an alternative 
livelihood. While most animal protection movements have grown out of a concern for the 
welfare of the individual animal, the organic movement has considered animal welfare in 
relation to the agroecosystem of which the animals are part. In an interview study, organic 
pioneers saw welfare as a spin-off effect of a well-functioning system (Lund et al. 2003). This 
attitude was confirmed in a questionnaire study, where the concept of natural living came out 
as much more central to organic farmers than concepts heralded by animal protection move-
ments, such as ‘rights’, ‘dignity’ and ‘intrinsic value’ (Lund et al. 2004).

However, as the awareness and knowledge of farm animal welfare has grown, cooperation 
between traditional animal welfare organisations and organic organisations has increased. 
Today there exist joint certification programs, for example in Canada (Stoneman and Mowbray 
2002) and in the German-speaking countries in Europe (H.-G. Kessler pers. comm. 2005), and 
the Humane Society of the United States have a section for Farm Animals and Sustainable 
Agriculture.

Future research needs
Animal welfare is important to organic farmers, to consumers of organic products and not 
least to organic animals, and thus it is important to be able to guarantee the welfare of organi-
cally produced animals, but further research on such production systems is needed.

The differences in understanding of the animal welfare concept compared to conventional 
systems need further clarification so that indicators of welfare suitable for organic production 
systems can be developed. Such indicators will make it possible for the certifying organisations 
to measure and also to communicate the welfare status of organic farms to the consumers. For 
the farmers it will be an aid in evaluating whether they reach the goals of organic farming.

Research is also needed to solve the welfare dilemmas organic farming is facing. This will 
involve addressing welfare problems connected to the lack of control and the freedom of 
natural living. These studies will include issues such as how to avoid parasite infections, feather 
pecking and cannibalism in poultry, and piglet mortality in outdoor systems. Another crucial 
research area is how to handle the risk of spreading zoonotic diseases through organic produc-
tion systems. Further, the dilemma of system versus individual welfare must be solved; for 
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example, through studies addressing alternative treatments to the use of medication like anti-
biotics and anthelmintics (i.e. preventive health and welfare). The need to develop research in 
this field is by no means unique to organic farming, but since the latter relies on biological 
solutions and less control, greater difficulties have to be confronted. Thus, preventive measures 
become crucial. Since medication may imply that products cannot be sold as organic, alterna-
tives to such medication could have large economic consequences. Research needs in relation 
to animal health and welfare in organic production have been addressed in the final report of 
the Network for Animal Health and Welfare in Organic Agriculture (NAHWOA 2002).

Organic farming developed as a response to the dilemmas faced by conventional agricul-
ture, finding solutions transcending the context and creating new perspectives (Christensen 
1998). This innovative approach and creativity continues to be required to create ‘win–win’ 
situations beneficial both to the system and the individual animal. The challenge for organic 
farming is to develop husbandry systems where animal welfare is an integrated and positive 
part of the system and not seen as a problem to be solved; that is, systems where animals con-
tribute with products or services through their natural living (Lund and Weary 2004).

Conclusions
It is important not only to base statements regarding animal welfare on scientific research, but 
also to be explicit as to how the concept of animal welfare is defined. This will make the dis-
cussion of criticism and general issues more constructive. In organic farming, animal welfare 
is placed in a larger, ‘systemic’ perspective, and a natural life is usually seen as a precondition 
for good welfare. However, the dilemma that natural living does not automatically imply 
welfare for the individual animal must be recognised, just as feeding organic feed does not 
necessarily contribute to improved quality of life. The limited research available does not 
indicate that organic animals have worse health or welfare compared to animals in conven-
tional systems. Rather, there is a substantial potential for improved welfare in organic farming 
systems. However, each production system faces particular challenges, and organic farming 
must be observant and deal with the challenges linked to organic production (Hovi et al. 2003, 
Lund and Algers 2003). Problems and risks related to the lower control of the animal’s envi-
ronment such as ‘parasite-related diseases’ is one such area.

Organic farming must be able to guarantee the welfare of organic animals both in theory 
and in practice. This is necessary, considering the wellbeing of the animals as well as the 
 expectations and requirements of animal welfare in modern society. It is necessary to develop 
systems where the health and welfare of the individual animal is safeguarded, even though 
system sustainability is an overall goal, and where natural living coincides with welfare experi-
enced by each individual animal.
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Introduction
Paradoxically, the regulatory systems that were developed to protect the integrity of organic 
agriculture including standards setting and conformity assessment systems are now reshaping 
the organic landscape in ways that threaten many of the values held by the movement that 
created it. Organic standards and certification systems have had key roles in clarifying, har-
monising and ensuring the integrity of organic agriculture as it moves from movement-driven 
agricultural niches to mainstream markets worldwide. However, with the growth of organic 
markets reaching US$25 billion (Rundgren 2004), governments have become increasingly 
involved in organic regulation, resulting in a loss of ownership of the meaning of organic agri-
culture by the movement itself. Increased international trade of organic products has resulted 
in complex organic regulatory systems fraught with duplication and overlaps among the 
various government regimes and the private regulatory system. Such bureaucratisation of 
organic agriculture is creating barriers to trade, particularly for small-scale producers in devel-
oping countries (Harris et al. 2001, Parrott and Marsden 2002, Raynolds 2004).

This chapter outlines the history of the development of organic regulatory structures, 
provides a snapshot of the current situation with respect to organic standards setting and con-
formity assessment activities, and discusses three key regulatory challenges facing organic 
agriculture. These include the tensions between the private systems dominated by the Interna-
tional Federation of Organic Agriculture Movements (IFOAM) and public systems managed 
by various national and regional governments, difficulties in balancing producer realities on 
the ground and consumer requirements for a clear understanding of what organic agriculture 
means worldwide, and the increasing over-regulation of organic agricultural production and 
trade that may inadvertently squeeze out key stakeholders at the heart of the organic movement: 
smallholder farmers. In outlining tentative steps towards addressing these challenges, the 
chapter briefly sketches possible pathways for harmonisation among organic regulatory 
systems, suggests possibilities for balancing local and global needs through incorporating flex-
ibility into standards-setting processes based on examples from IFOAM processes, and outlines 
two promising developments for organic smallholder producers:

1 the development and increasing acceptance of internal control systems as a tool for inspec-
tion and certification; and

2 a new stage in the evolution of organic assurance, the development of participatory guaran-
tee systems for local markets.
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History of the de�elopment of organic standards and 
certification
Organic agriculture developed as an alternative form of farming system compatible with 
natural systems whose origins can be traced back to the work of Rudolf Steiner and Sir Albert 
Howard in the 1920s (Geier 1997). As organic agriculture grew into the 1950s and 1960s, the 
first informal regulatory tools were developed including loosely developed codes of conduct 
and informal inspections (Swedish National Board of Trade 2003). At that time, organic agri-
culture was very much outside the mainstream of agrifood business, when according to one 
prominent organic trader, ‘nobody took us very seriously’ (Segger 1997). This brought the 
various stakeholders in the organic movement together, leading to the development of the 
IFOAM in 1972. During the 1960s and 1970s, pioneering farmers’ organisations actively 
involved in organic farming and extension work began to feel the need to define more precisely 
what organic farming meant in order to give guidance to new groups who had recently joined 
(Bowen 2002). Processes to develop organic standards ensued, leading to the first IFOAM Basic 
Standards for Organic Agriculture in 1980 (IFOAM 1980). These standards have since under-
gone many revisions.

Parallel to the formalisation of organic principles and practices into standards, the regula-
tory mechanisms by which the organic movement verifies that farmers and processors comply 
with organic standards have also become much more concretised. As organic markets devel-
oped beyond local communities in which farmers and consumers knew each other, consumers 
began to ask for an independent guarantee of compliance to organic principles and methods. 
To meet this need, the organic movement grew to encompass private certification bodies, the 
first of which developed from organic farmers’ associations (Courville 2001, Bowen 2002). 
Over time, more certification bodies developed to meet market demand.

In the mid 1980s, members concerned about the future development of organic trade began 
asking IFOAM to evaluate the performance of these certification bodies as a vehicle for enhanc-
ing mutual trust, leading to cooperation (Commins 2002). In 1992, the development of the 
IFOAM Accreditation program was approved by the General Assembly. This program began 
accepting applications for accreditations by organic certification bodies in 1993. In 1997, after 
years of discussion about the need to establish a separate legal entity to operate the IFOAM 
Accreditation program, the International Organic Accreditation Service (IOAS) was estab-
lished (Commins 2002). By December 2004, there were 32 IFOAM accredited certification 
bodies operating in over 70 countries, with another two applications under consideration 
(IOAS 2004b).

The private system in place to regulate organic agriculture represents one of the largest and 
most established global, non-government systems of regulation of industry production, 
processing and commodity trading. However, as the worldwide volume and value of organic 
production has increased, governments have increasingly taken an interest in regulating the 
organic industry. Although not the first government entity to regulate the organic industry as 
the United States of America (USA) States Oregon and California adopted organic legislation 
by the 1970s, with governments in France, Spain and Denmark adopting regulations prior to 
the EEC 2092/91 regulation (Bowen 2002; 3), the European Economic Community Council 
Regulation 2092/91 introduced in 1991 had a major role in shaping the future of organic regu-
latory regimes. This was followed by the development of regulations in the USA, Canada and 
Japan among other countries. Governments worldwide have now developed, or are in the 
process of developing, organic regulations that outline definitions of organic agriculture and 
processing, as well as establishing processes by which organic certification bodies are approved 
to operate within their jurisdiction. Unfortunately, this has created significant problems for 
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the international trade of organic products as a result of lack of coordination between govern-
mental authorities in terms of processes of mutual recognition and equivalency. The picture is 
further complicated by the lack of integration between the private regulatory framework 
operated by the IOAS and IFOAM, and the many national or regional governmental regulatory 
regimes.

Organic standards and standards setting processes
As of 2003, of the 364 bodies identified by a survey of the newsletter The Organic Standard that 
offered organic certification, 65 stated that they had developed their own standards (Commins 
2003). In the same year, 60 countries were involved in developing organic regulations includ-
ing 37 countries that had fully implemented regulations for organic agriculture (15 EU coun-
tries; 11 in the rest of Europe – Cyprus, Czech Republic, Hungary, Iceland, Lithuania, Norway, 
Poland, Slovak Republic, Slovenia, Switzerland, Turkey; seven in the Asia-Pacific – Australia, 
India, Japan, Philippines, South Korea, Taiwan, Thailand; Argentina; and Costa Rica, the USA, 
Tunisia) with an additional eight countries with final regulations approved but without full 
implementation (i.e. had certification mechanisms in place: Croatia, Estonia, Malaysia, Brazil, 
Chile, Guatemala, Mexico, Egypt) and a further 15 countries in the process of drafting regula-
tions (Albania, Georgia, Romania, Yugoslavia, China, Hong Kong, Indonesia, Canada, Nicara-
gua, Peru, St Lucia, Madagascar, South Africa, Israel, Lebanon) (Commins 2003). When 
adding the two international standards to these figures, the IFOAM Basic Standards (IBS) and 
the Codex Guidelines, one begins to have an idea of the complexities involved in defining the 
meaning of organic agriculture.

In examining the organic standards internationally, it is useful to take a chronological 
approach, as more recent standards and regulations are generally heavily influenced by earlier 
ones. As was mentioned above, the first wave of standards setting was undertaken by farmers’ 
associations, the first of which was published by the Soil Association in the United Kingdom 
(UK) in 1967 (Commins 2003). These were key references for the initial development of IBS 
that were in turn influential in the drafting of European Union (EU) EEC Regulation 2092/91 
in 2001 (Commins 2003). Codex Guidelines as well as most other organic regulations were 
then heavily influenced by the European regulation, partly because the importance of the EU 
market and because other governments were eager to facilitate trade with the EU. As the biggest 
markets for organic products are in Europe, the USA and Japan, most other governments have 
developed systems to ensure compliance or equivalence with their regulations.

As was mentioned above, IFOAM first published its Basic Standards in 1980 as a way to har-
monise the meaning of organic across an increasingly globalised movement. The IBS have now 
been translated into 20 languages (IFOAM 2004). The IBS are revised periodically by its mem-
bership that includes about 700 organisations in over 100 countries, representing producers, 
producer organisations, non-governmental organisations, traders, retailers, consumers and 
researchers, among others. Any organisation with a primary interest in organic agriculture 
can become a member with full voting rights; those with some degree of interest and activities 
can become associates. Up until 2002, IBS were revised at the General Assembly, the federa-
tions’ highest decision-making body. However, at that time, it was decided to separate stand-
ards revision processes from the General Assembly to allow more time for discussion on 
strategic directions for the movement, and to improve access to standards participation 
through electronic and postal means by members who would not be able to travel to attend the 
General Assembly. A norms management committee oversees the work of standards commit-
tee and the committee responsible for the revision of IFOAM Accreditation criteria. To support 
this work and ensure transparent processes, IFOAM has developed policies for the revision of 
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IBS and for guidance in any new standard development or addition to an existing standard 
(ISEAL Alliance 2004b).

As a non-governmental organisation, IFOAM is continually searching for ways to demon-
strate legitimacy and credibility that are generally taken for granted in governmental systems. 
In terms of standards-setting processes, IFOAM is a member of the International Social and 
Environmental Accreditation and Labelling (ISEAL) Alliance and as such, is required to imple-
ment the ISEAL Code of Good Practice for Setting Social and Environmental Standards that 
was officially launched in April 2004. The Code includes procedural requirements such as the 
inclusion of a complaints resolution mechanism, periods for comment, the publication of a 
work program, the need to take into account comments received through at least two rounds 
of comment submissions by interested parties, prompt publication of standards and periodic 
revision. The Code also includes requirements for effectiveness, relevance and international 
harmonisation as well as participation in the standards development process including the 
need to proactively seek contributions from interested parties, paying particular attention to 
the needs of disadvantaged groups such as developing countries and small and medium-sized 
enterprises (ISEAL Alliance 2004a). Through such tools, ISEAL membership provides addi-
tional assurance of the integrity of the IFOAM standards setting processes to key stakeholders, 
particularly government agencies.

The IBS are standards for standards, in that accredited certification bodies are required to 
use them as the basis for their own certification standards. The IBS are divided into general 
principles, standards that require compliance and recommendations. Over time, with experi-
ence in implementation, recommendations may be upgraded to standards. As such, there is an 
inbuilt mechanism for incorporation of new learning.

The other internationally recognised standard is the Codex Guidelines. The Codex Alimen-
tarius Commission was created in 1961 by its two parent organisations, the Food and Agricul-
ture Organization of the United Nations (FAO) and World Health Organization (WHO). As an 
intergovernmental body, only member governments that have decision-making powers though 
international organisations may participate as observers (Vaupel 2001). In 1999, Codex adopted 
Guidelines for the Production, Processing, Labelling and Marketing of Organically Produced 
Foods with additional sections concerning livestock and livestock products as well as bee-
keeping and bee products adopted in 2001. In accordance with general Codex objectives, these 
guidelines were to facilitate the harmonisation of organic standards at the international level 
and prevent misleading claims, as well as ensuring fair trade practices (Commins 2003).

As regards government regulations, the EEC Council Regulation 2092/91 on Organic Agri-
culture was first introduced in 1991, followed by the Japanese Agricultural Standard of Organic 
Agricultural Products (JAS) in 2000. After receiving almost 300,000 mainly negative public 
comments on its draft rule released in 2000, the National Organic Program Rule CFR Part 205 
of the US Department of Agriculture was finally approved in 2002 with substantial revisions 
(Grolink 2002). Several other government regulations have since been developed or are in the 
drafting stages, most of which are based on international standards and the regulations of 
those countries with key organic markets.

Conformity assessment processes (international �erification 
processes)
As with organic standards, there are significant overlaps between the private accreditation 
program run by the IOAS using IBS and government conformity assessment systems. Given 
the lack of a multilateral system for organic regulation among governments and a lack of coor-
dination between governments and the private regulatory system, the international trade of 

010602•Organic Agriculture 3pp.i204   204 30/4/06   4:44:31 PM



Organic standards and certification 205

organic products has indeed become a nightmare. This section outlines particular features of 
the private accreditation program and the key governmental conformity assessment processes, 
focusing mainly on the EU system.

IFOAM’s accreditation program run by the IOAS is implemented according to the IFOAM’s 
accreditation criteria that are revised periodically. Given that IBS are standards for standards, 
it is a requirement of IFOAM accredited certification bodies to develop their own standards 
for certification, based on IBS.

The IFOAM accreditation program has grown from three accredited certification bodies in 
1994 to 32 as of December 2004. In addition to IFOAM accreditation, the IOAS also offers 
International Organization for Standardization ISO Guide 65 accreditation as a way to add 
value to the services provided to organic certification bodies. Any certification body can apply 
for IFOAM accreditation, be they private or state-run. One of the newest accredited certifica-
tion bodies is the Washington State Department of Agriculture Organic Food Program 
(Commins 2003, IOAS 2004b).

As an international accreditation program, the IFOAM program has been working to 
ensure mutual recognition among its accredited certification bodies, facilitating international 
trade and consumer acceptance of organically certified products. In order to strengthen recog-
nition of IFOAM accreditation among traders and consumers, the IFOAM seal was launched 
in 1999 to be used in conjunction with the logo of accredited certification bodies (Commins 
2003). Furthermore, a mutual recognition agreement among IFOAM accredited certification 
bodies was developed as a way to facilitate acceptance of products certified by one accredited 
certification body into another market. However, its implementation has been hampered by 
perceived quality differences among the accredited certification bodies. The trade implica-
tions of this lack of coordination are significant, and weaken the appeal of the private interna-
tional accreditation system as a harmonised regulatory solution.

Given that the IOAS is a non-governmental organisation operating an international accred-
itation program, it is a rarity in the world of conformity assessment, dominated by the Interna-
tional Accreditation Forum and its members as national accreditation bodies. In order to 
demonstrate its competence to the largely government-run verification systems, it sought and 
gained recognition by the United States National Institute of Standards and Technology, a 
non-regulatory federal agency within the US Commerce Department’s Technology Adminis-
tration in August 2004. This recognition is based on an evaluation of the IOAS against ISO/
IED Guide 61 covering accreditation for both IFOAM norms and ISO/IEC 65 (IOAS 2004a).

Unlike the IFOAM accreditation program, government-run conformity assessment systems 
mainly operate at a national level, with no multilateral arrangements in place to facilitate trade 
of organically certified products recognised by one country into a second country. This has led 
to a situation in which a certification body operating in one country needs to obtain accredita-
tion after accreditation to enable the products that it certifies to enter into multiple markets as 
organic.

As the first fully elaborated regulation, the EU Council Regulation 2092/91 established a 
conformity assessment system that ‘allows for recognition of private certification bodies by a 
designated authority according to specified criteria’. In establishing their regulations, other 
countries have generally followed this example with departments of agriculture usually taking 
on the responsibility of the designated authority (Commins 2003).

A defining aspect of the EU recognition system is that it was developed to be applicable 
only to EU-based certification bodies. Within the EU, certified organic products that meet the 
regulations can be freely marketed across all EU countries. For organic products from third 
countries, additional steps are required. Article 11 (1) and 11 (2) allow for countries to be listed 
as having rules in compliance with EC Regulations. After comprehensive assessment, such 

010602•Organic Agriculture 3pp.i205   205 30/4/06   4:44:31 PM



Organic agriculture: a global perspective206

countries can be identified as ‘third countries’ and certification bodies accredited under their 
governments’ programs can be accepted. As of April 2003, there were only eight countries 
approved, only two of which were developing countries: Argentina and Costa Rica (Swedish 
National Board of Trade 2003).

A second option called ‘importer derogation’ is provided under Article 11 (6) that was 
introduced as an exception rule when it was realised that the first option would cause signifi-
cant difficulties and delays for organic trade from third countries. In this scenario, an inter-
ested importer files an application to the competent authority in an EU country requesting 
permission to market the product in the EU as organic. An importer-dependent permit is 
granted for a limited period of time (i.e. one year) if equivalence to the EU regulation can be 
proven. This option, which accounts for 90% of imports to the EU, forces producers in devel-
oping countries to become highly dependent on importers in the EU and it places significant 
administrative burdens on importers. Furthermore, there have been significant differences in 
the application of the import derogation rule among the member states of the EU, creating 
uncertainty for both exporters and importers (Swedish National Board of Trade 2003).

The third option outlined in Article 11 (7) provides for an exception in which, at the 
request of a member state of the EU, an individual inspection body in a third country can be 
approved following an assessment of that inspection body using appropriate means. This 
does not necessarily require an on-site inspection of the inspection body. However, this 
option has seen rather limited use, with just one instance up to mid 2003 (Swedish National 
Board of Trade 2003).

The impact of the EU conformity assessment system has been to encourage third countries 
to adopt the EU regulation, given that in practice they need to demonstrate compliance in 
order to obtain third country status (Swedish National Board of Trade 2003). Most other 
countries have followed the EU example and recognise only domestically based certification, 
except for the USA and Japan that allow foreign certification bodies to apply directly for 
recognition.

In addition to direct application by a foreign certification body, the National Organic 
Program (NOP) rule of the United States Department of Agriculture (USDA) provides two 
other options for approval of foreign certification bodies. These include accreditation of a 
foreign certification body by a government whose standards meet the US regulation, and 
accreditation of a foreign certification body by a government that has negotiated an equiva-
lency agreement with the USDA (Joint Working Party on Trade and Environment 2002).

In the JAS system, products can be labelled as organic if they have been certified by a regis-
tered certification organisation in Japan, if they have been certified by a Registered Foreign Cer-
tification Organisation (RFCO) in the exporting country through recertification of imports 
where the organic raw material is certified by a certification body in the export country while 
the importer is certified by an RFCO in Japan, or through the use of contracted inspection 
services where registered certification bodies delegate inspections to trusted certification bodies 
in export countries recognised by their own government or by an internationally reliable system 
such as the IOAS (Joint Working Party on Trade and Environment 2002). This last option is 
interesting in that it allows for a bridge between private and governmental systems.

In terms of criteria for the approval of private certification bodies, the EU regulation 
requires compliance to Annex 3 of the regulation in addition to ISO/IEC Guide 65. Annex 3 
contains requirements not included in ISO Guide 65 such as parallel production. This format 
is similar to the IFOAM system with specific accreditation criteria that are not covered in the 
ISO guide. The USA and Japan have each developed distinct requirements. Beyond this, some 
countries such as India and Australia (in draft requirements) have chosen to base their criteria 
on IFOAMs (Commins 2003).
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Key challenges for the future of organic regulation
The rather jumbled picture painted of the organic regulatory landscape in the last two sections 
raises key challenges facing organic agriculture and trade. These include tensions between 
private and public regulatory systems and the desperate need for international harmonisation, 
the challenge of building regulatory systems that ensure consistency in the assurance provided 
to global consumers while allowing for locally appropriate adaptations, and finally, with 
increased regulatory burdens caused by the formalisation of organic assurance, the challenge 
of ensuring continued access by smallholder producers, particularly in developing countries.

One harmonised global organic regulatory system needed

There has been a recent explosion of private and public organic standards and conformity 
assessment systems. The lack of harmonisation between the private and public systems and 
among governmental regulatory regimes poses significant threats to the future growth of 
organic agriculture and trade.

Because certification bodies are required to obtain organic accreditations to meet market 
demands and regulatory requirements for each import market (not to mention additional 
accreditations for other market-based requirements), the costs of access to markets through 
certification continue to rise (Guthman 1998, Harris et al. 2001). In order to ensure that a 
product can be labelled as organic in an import market, government regulations where they 
exist must be complied with. At the same time, market requirements may dictate the use of the 
private system, given solidarity and confidence in the organic movement (Harris et al. 2001). 
Even though Costa Rica is one of the few ‘third countries’ under the EU organic regulatory 
regime, ‘local certification bodies are not recognised in EU markets and farmers are still asked 
to certify under different European certification bodies, depending on the client’s preferences’ 
(Echeverría 2004). Retailers are important in expressing certification preferences, as illus-
trated in the UK retailer Sainsbury’s policy to only accept organic products from IFOAM-
accredited certification bodies for its own-label organic products (Sainsbury’s Supermarkets 
2005). The lack of effective cooperation between private and public stakeholders results in 
additional costs and complications.

The costs of compliance and verification are compounded by the increasing comprehen-
siveness and complexity of organic standards and regulations, as they are revised and 
‘improved’ (Harris et al. 2001). While organic agriculture is a relatively simple concept, it is 
now codified in standards and regulations that can take up almost 100 pages of legal and tech-
nical text. The Consolidated Text of the European Council Regulation 2092/91 is 94 pages 
long, and ‘Entire Standards’ of the English language version of the US NOP Rule is 554 pages, 
including regulatory and additional text. Translating such requirements into something mean-
ingful for smallholder farmers in Northern Uganda or East Timor is indeed a challenge. Given 
high rates of illiteracy among smallholder producers in developing countries, complex market 
and regulatory record-keeping requirements create significant compliance burdens (Harris et 
al. 2001, Raynolds 2004). Stories abound that highlight the challenges faced by smallholders, 
including a report from Mexico where at least ten small producer groups were decertified in 
1999 as a result of their inability to manage the paperwork associated with organic certifica-
tion (Boersma 2000 in Parrott and Marsden 2002).

As the fastest growing segment in the foods sector globally, organic agriculture holds great 
promise as a development option for many farmers in developing countries, particularly those 
with a history of low or no use of synthetic chemicals, in countries with low labour costs, 
among other factors (Soto 2003). At the same time, while there may be comparative advan-
tages for developing countries in organic agriculture exports, within the wider context of 
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international trade in agricultural commodity products, developing countries are placed at a 
disadvantage. This is as a result of agricultural subsidies of key developed country economies 
such as the USA and the EU that distort commodity prices and prevent developing countries 
from making use of their trade advantages in this sector (Martin and Winters 1995, Grant 
1997, Pletcher 2005). Declining terms of trade, dependence on a few commodities for export 
earnings, tariff protection on value-added goods and the increase in transfer pricing in the 
private sector also disadvantage developing country exports (Ekins et al. 1994, Ropke 1994). A 
further challenge to developing countries is the growing number of voluntary product stand-
ards that have the potential to become non-tariff barriers to developing country exports, par-
ticularly for smallholder producers. Such barriers include significant information and 
managerial demands, higher capital requirements and certification costs (Pletcher 2005).

Although organic agriculture can offer significant market opportunities for producers in 
developing countries, if organic regulation is not managed appropriately, it can raise non-tariff 
barriers to trade like other product and process standards. For example, developing countries 
have had to adopt largely foreign organic regulations as their own, with little acknowledge-
ment that agricultural production conditions can vary considerably between regions. Further-
more, government regulatory systems are set up mainly to interface with other government 
regulatory systems through bilateral recognition of equivalence (or compliance). This places 
developing country producers and exporters, whose governments do not prioritise developing 
organic regulatory systems, at a disadvantage in that they will be required to find other, more 
expensive ways to access import markets (Joint Working Party on Trade and Environment 
2002, Swedish National Board of Trade 2003). Such complex regulatory requirements can lead 
to significant trade losses as highlighted in the following example (Nycander 2000 in Parrott 
and Marsden 2002):

In September 1999, the first organic certified Robusta coffee in Uganda was ready 
for export. But when import clearance in the EU was held up, the customer lost 
interest. Five months later the two containers were still at the factory in Kampala.

According to Felicia Echeverría, Manager of the National Organic Agriculture Program 
from the Department of Agriculture and Animal Husbandry in Costa Rica (Echeverría 2004):

if no changes in the current situation occur in the near future, more and more 
small organic farmers from developing countries (the thin part of the rope) may 
drop out of certified organic markets as the price premium is not enough to 
compensate the difficulties faced to comply.

With respect to international trade law, some interesting issues come into play. According 
to the Technical Barriers to Trade Agreement (TBT) of the World Trade Organization (WTO), 
member governments must use international standards where they exist, or the relevant parts 
of them, as a basis for their technical regulations except when such international standards or 
relevant parts would be an ineffective or inappropriate means for the fulfilment of the legiti-
mate objectives pursued, for instance because of fundamental climatic or geographical factors 
or fundamental technological problems (WTO 1994). As the IBS are listed in the ISO Direc-
tory of Standards, these are generally considered international standards along with Codex 
Guidelines. While the IBS have been used informally as baselines for the development of 
national organic regulations, a formalised process to evaluate and promote harmonisation of 
organic standards and regulations has been lacking.

Furthermore, the principle of equivalence is encouraged in the TBT with members being 
required to give positive consideration to accepting as equivalent technical regulations of other 
members, even if these regulations differ from their own, provided they are satisfied that these 
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regulations adequately fulfil the objectives of their own regulations (WTO 1994). Similar 
principles are set out for the arena of conformity assessment (Courville and Crucefix 2004). 
However, it is much easier for a regulatory body to require compliance to its own standards 
than to try to work out what equivalence would entail with not one, but many third countries. 
As such, compliance as opposed to equivalence has tended to prevail (Swedish National Board 
of Trade 2003).

The TBT Agreement Article 2.2 requires that ‘technical regulations shall not be prepared, 
adopted or applied with the view to or with the effect of being “more trade-restrictive than 
necessary to fulfil a legitimate objective”’ (Swedish National Board of Trade 2003). The legiti-
mate objective is indeed the protection of the integrity of organic products. However, given the 
state of organic regulation characterised as an ‘increasingly chaotic system for international 
trade’ by the IFOAM Organic Guarantee System Manager (Bowen 2002), surely the current 
regulatory arrangements for organic agriculture are more trade-restrictive than necessary if 
the result is to increase costs, allow for wasteful duplication of resources, and push key constit-
uents of organic agriculture out of the system: smallholder organic farmers.

Fortunately, both private and public regulatory agencies are aware that the current regula-
tory gridlock is a serious threat to the future of organic agriculture and trade. This has been 
highlighted through efforts by IFOAM, the United Nations Conference on Trade and Develop-
ment (UNCTAD) and the FAO in the joint organisation of a conference on International Har-
monisation and Equivalence in February 2002 that has continued through the work of the 
International Task Force on Harmonisation and Equivalence in Organic Agriculture (ITF). A 
positive sign is that IFOAM and the IOAS, as well as several key governments including the EU, 
are actively engaged and are committed to finding a solution through these processes. However, 
concrete steps to move toward harmonisation and equivalence, both between government 
authorities and between the IOAS and governments, will be slow to develop.

In terms of future directions, IFOAM has been engaged since 1995 in some serious soul-
searching to rethink its role in organic standards-setting and conformity assessment given the 
increasing activities of governments in organic regulation. One direction that has strong 
grounding in current practice is that the organic movement should continue to work to drive 
forward improvements and innovation in organic standards setting.

Standards setting is a continually evolving process for both the private and public sectors. 
As an example, coverage of livestock was originally left out of the initial versions of both the 
EU and JAS regulations and was subsequently added in later revisions (Commins 2003). The 
scope of IFOAM’s standard setting is broader than the narrower focus of regulatory agencies 
(e.g. addition of a chapter on social justice since 1996, draft chapters on aquaculture and 
forestry introduced in the most recent revisions). As new areas of standards-setting are gradu-
ally adopted into IBS, partly through private standards developments of its members, it is also 
plausible to think that such leading edge organic standards-setting will eventually make its 
way into other organic standards and regulations.

However, given the prioritised need for harmonisation, there are different ways in which 
IFOAM could be involved in driving forward innovation in organic standards-setting. The 
IFOAM World Board is proposing a new model with the hope that it will facilitate cooperation 
and harmonisation with government agencies as well as encourage innovation. IFOAM would 
register government and private certification standards that meet an IFOAM Basic Norm and 
that have been developed according to a new Basic Norm for Standard-setting that IFOAM would 
develop. As outlined in a recent proposal for revising the IFOAM Guarantee System, ‘IFOAM 
will develop and register new certification standards according to existing and emerging needs 
in organic production and processing worldwide, and will make them publicly available for use’ 
(IFOAM World Board 2005). By creating different levels of standards including a more generic 

010602•Organic Agriculture 3pp.i209   209 30/4/06   4:44:32 PM



Organic agriculture: a global perspective210

standards norm complemented by more specific standards, the IFOAM World Board is trying to 
balance the need for simplification and harmonisation of standards while at the same time 
encouraging innovation in standards-setting. As the details of such a proposal are being devel-
oped, it is too early to evaluate the possible results and implications of such a shift.

Regardless of whether the IBS remain as they are or are revised into a generic standards 
norm complemented by certification standards, there would be a need for some sort of recog-
nition of the IFOAM standards norm by governments. With the support of the TBT Agree-
ment requiring harmonisation to international standards and recognition through the ISO 
Directory of Standards of IBS as international standards, there is a strong case for government 
recognition of IFOAM standards. IFOAM is uniquely placed to maintain and revise interna-
tional organic standards setting, drawing on the expertise and knowledge of its members and 
other interested parties. IFOAM has demonstrated its ability to do so in a timely and cost-
effective way since 1980. Some kind of relationship would need to be developed with the Codex 
Guidelines as the other recognised international organic standard. What is needed is the polit-
ical will on the part of national and regional governments to support such a standards-setting 
regime.

With respect to conformity assessment, even IFOAM acknowledges that ‘governments’ 
strength is primarily in the field of enforcement’ (Bowen 2002). However, given the overlap 
between private and public systems with many market participants who are requesting IFOAM 
accreditation though being bound by law to ensure governmental regulatory compliance, there 
will be a need to develop new collaborative models of regulation between private and govern-
mental systems as well as among governmental programs. A further component of the IFOAM 
World Board’s proposal for revising its own Guarantee System is for IFOAM to recognise and 
register government and private supervision bodies whose certification requirements meet an 
IFOAM Basic Norm for Conducting Organic Certification. The result would be the creation of 
different types of registers including a register of certification standards as discussed above 
and a register of recognised supervision bodies. Certification bodies under a recognised super-
vision body and using a registered standard would be eligible to join the system (IFOAM World 
Board 2005).

While IFOAM is proposing changes to it own regulatory regime, additional proposals for 
coordination are arising out of the ITF process. Short-term actions being proposed by the ITF to 
lay the groundwork for cooperation include the development and acceptance of common defi-
nitions, the development of a database system for cross-referencing comparisons of different 
organic standards and regulations, a comparative analysis of IFOAM Basic Standards and 
Codex Guidelines, comparison of IFOAM accreditation criteria and ISO Guide 65, comparisons 
between IFOAM, Codex, EU regulation, USDA NOP and JAS requirements as well as the subse-
quent development of common regulatory objectives based on these activities (ITF 2004).

It is hoped that these concrete activities will facilitate longer-term harmonisation. Although 
models of harmonisation and equivalence in operation outside of the organic sector have been 
presented to the ITF (Courville and Crucefix 2004), a long-term strategic goal that was recently 
presented included the following components: production standards compliant with one 
general baseline international standard (using Codex and IBS as building blocks), one harmo-
nised set of certification requirement (using ISO Guide 65 and IFOAM Accreditation criteria 
as starting points) and one accreditation/approval mechanism for conformity of assessment 
bodies (or equivalency among the various mechanisms, possibly a hybrid between an interna-
tional accreditation model and national approval systems). While the establishment of an 
International Forum for Organic Regulation (IFOR) was suggested to oversee the development 
of such a regulatory structure, most ITF members were not in favour of creating yet another 
entity, instead preferring to work through existing institutions (ITF 2005).
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Movement towards any harmonised organic regulatory system will require several small but 
concrete steps that will enable competency assessments and trust building among the various 
parties. Although urgent action is needed, building such a model will take several years.

Balancing the local and the global in organic standards-setting
A second challenge for the future of global organic regulation is to find a way to balance the 
need to provide consumers with a guarantee that certified organic products produced anywhere 
in the world meet stringent organic standards with the need to ensure that organic standards 
are adapted to local production realities. Given the power imbalances, the general trend has 
been for the jurisdictions with major import markets to require compliance to their own 
organic regulations rather than engage in a longer and more time-consuming process of 
searching for equivalence.

To further complicate the situation, when developing country producers seek to sell into two 
or more different import markets with different regulatory requirements, they must comply 
with the most stringent aspects of each regulation, which may be in contradiction. Echeverría 
(2004) compares the EU and USA regulations on the subject of manure utilisation:

The EU regulation indicates limits to the amount of nitrogen per year/hectare, 
forbids factory farming origin of manure and says that it should be composted but 
does not restrict in any way the composting method; while the USA regulation 
does not forbid factory farming origin or nitrogen use, but it gives very strict 
instructions on the composting method to be used. The result is, as one can 
imagine, that our farmers end up having to comply with the most restrictive 
aspects of both regulations

In addition to the lack of harmonisation, imposing import country organic requirements 
onto production systems in developing countries with very different farming and socioeco-
nomic conditions creates additional problems (Parrott and Marsden 2002, Raynolds 2004). 
As an example, EU requirements include lists of permitted inputs that are based on accepta-
ble organic practices in Europe. However, what works as an input in one farming system may 
not be available, appropriate or widely used (and therefore tested) in another context, leading 
to contestation; for example, on the use of substances from indigenous botanical extracts, 
guano and peat to even copper-based substances (Harris et al. 2001, Parrott and Marsden 
2002).

While IFOAM continuously struggles to maintain this balance, important lessons can be 
learned from its continuously evolving model, developed through experience in setting and 
revising international organic standards and in managing an international accreditation system 
that operates in over 70 countries. Given that IBS are baseline standards for standards and 
require fleshing out by an accredited certification body to become standards for certification, 
this has allowed for a balance between the need for consistency in standards in a globalised 
world and the need for flexibility in adapting standards to local conditions. For better or worse, 
it has also encouraged growth in the number of public and private organic standards for certifi-
cation, especially as IBS are not regarded as the only international reference standard.

Although one IFOAM standard is considered necessary for the movement, IFOAM has 
supported the establishment of voluntary national or regional standards based on the IBS 
through consensus based processes to reduce the proliferation of standards (IFOAM 2000). 
While this has not yet been widely adopted by IFOAM regional groups, initial movements are 
occurring. For example, AgriBioMediterraneo is a regional group of 146 IFOAM members 
from three continents and 16 Mediterranean countries whose activities include the develop-
ment of regional standards (ABM 2005). Regional standards would seem to fit well into the 
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proposed revisions to the IFOAM Guarantee system, perhaps enabling regional certification 
standards to be adopted based on a generic IFOAM Standards norm.

A further tool that was developed to build flexibility into IFOAM standards-setting proc-
esses is the development of Criteria for Variation. It is acknowledged by IFOAM that ‘there 
may be conditions where climatic, geographical, technical problems as well as economic, regu-
latory or cultural factors may require variation to IBS requirements’ (IFOAM 2002).

Requests for approval of variations can be submitted to the IOAS for standards comparison 
and evaluation with the final decision taken by the IFOAM World Board or designated body. 
Variations may be considered if the need and necessity can be established under at least one of 
the following conditions:

•	 the IFOAM Basic Standards (IBS) requirement is ineffective
•	 where it prevents the development of organic production or processing
•	 where it prohibits compliance to the legitimate sector regulations and product requirement 

or
•	 where it contradicts religious or cultural beliefs of the producers and processors.

Furthermore, the variation requested must be consistent with the principal aims of the IBS 
(IFOAM 2002).

The first variation to be approved was the American Organic Standard, a private sector 
standard for North America developed in 2003 by the industry through the Organic Trade 
Association (IOAS 2003).

The Criteria for Variation approach opens a procedural window to allow for a review of 
specific aspects of organic standards and the possible granting of exceptions where it can be 
demonstrated that organic agriculture in a particular local context is best served by such 
changes. Developing country organisations could use such a tool to argue for the use of partic-
ular locally acceptable inputs that serve to meet the broader principles of organic agriculture, 
among other possibilities. While this has not been widely used yet within IFOAM, perhaps 
because of the overwhelming and urgent need to resolve the public–private interface of organic 
regulatory regimes, the approach could be useful as a specific, concrete and short-term solution 
to the longer-term processes of determining equivalency of entire sets of standards and 
harmonisation.

Although much work needs to be done in developing organic regulatory structures at an 
international level that are truly sensitive to the needs of producers and the local realities that 
they face, a harmonised standards architecture based on general baseline standards upon 
which local or regional standards can be fleshed out, along with an allowance for justified var-
iations, offer useful models and tools that can be built upon.

Ensuring smallholder access to organic guarantee systems
A specific example of the importance of considering local conditions and realities focuses on 
smallholder organic production and access to markets. Smallholder producers are important 
in organic agriculture and contribute significantly to the growth of organic markets. Estimates 
suggest that 60% to 70% of organic products imported into Europe are produced by small-
holders (Agro Eco 2003). Without special consideration, the high financial and administrative 
costs of organic certification are out of the realm of accessibility for many with only a few 
hectares under production, if that. This section outlines two new developments in organic 
agriculture that hold promise for ensuring that smallholders have access to organic guarantee 
systems. The first is the development and increasing acceptance of internal control systems 
(ICS) for organic inspection and certification, while the second is the development of partici-
patory guarantee systems.
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Internal control systems
One tool that IFOAM and the IOAS developed is a metaregulatory tool, the internal control 
system (ICS). If a group of hundreds or thousands of farmers was organised in an association 
of producers, and if the producer association had an internal inspection system whereby local 
inspectors, be they extension workers or farmers, were trained to inspect other farmers for 
compliance to organic standards, where inspection reports were maintained for all participat-
ing farms and issues of non-compliance were addressed, then an external inspector could 
come to check on the integrity of the internal control system using a specific sampling tech-
nique, rather than doing a 100% inspection of all producers’ farms that would otherwise be 
required. In this way, the ICS is able to reduce the costs of inspection and certification. It 
should be noted that in the initial stages of development and implementation of the ICS, the 
human resource costs borne by the producer group are generally significant, requiring consid-
erable human resources, strong farmer commitment and organisational capacity (Harris et al. 
2001, Giovannucci 2005). However, over time, these costs will be reduced (Pyburn 2003).

Beyond reductions in the costs of inspection and certification, a potentially valuable 
outcome of the use of the ICS tool in smallholder certification is the empowerment of the 
producer group. Instead of having external inspectors come in to evaluate progress, the internal 
control system provides producers and their associations with the ability to take control over 
the verification of their compliance to organic standards. Ownership of the process by produc-
ers can be strengthened through training and capacity building in verification, documenta-
tion and monitoring mechanisms. It can also strengthen social control mechanisms of the 
producer group as it places the decision-making about compliance firmly in the hands of the 
producer association, at least in the first instance. In one ICS implemented by an organic rice 
producer cooperative in North East Thailand, producers who had been in the organic program 
for several years and had seen the changes as a result of the implementation of an ICS, stated 
that they had become more organised, that they met more regularly together and that they 
were learning much more than before about the certification process because they were a part 
of it. While it is more work for them as they are now required to make production plans and 
record production inputs among other tasks, participation in the ICS enabled them to think 
about their future plans and the next steps for their farms (Lorenzen et al. 2004).

There are different ways in which an ICS can be implemented, however. The example above 
is illustrative of an endogenous form of ICS where producers are actively involved in ICS man-
agement. At the other end of the spectrum is an exporter-led model, whereby a buyer organises 
producers and controls the ICS through the implementation of external guidelines to regulate 
the supply chain and outsourced farmers (Pyburn 2004). Further research is needed to better 
understand the impacts and dynamics of these different expressions of ICS.

Although there is much hope and belief in the ICS process to address the needs of small-
holder producer certification, its acceptance by government regulatory authorities has been 
mixed with disagreement on the technical issues of how to verify such systems, including 
exactly what external inspection sampling rate is appropriate (see Harris et al. 2001, Parrott 
and Marsden 2002). IFOAM commissioned a series of workshops for certification bodies and 
government authorities since 2000 to facilitate a discussion and agreement on the role of ICS 
in organic certification processes. A key challenge is that ICS is partly a soft learning-based 
capacity-building tool for development, while at the same time, it is a ‘harder’ verification and 
inspection tool. Tensions between these different roles are clear. There is a need for flexibility 
in the application of ICS to different contexts as producer groups are organised differently in 
various parts of the world. Certain features are needed in common for an ICS to be considered 
a functional platform for organic certification, thereby making it acceptable to private and 
governmental regulatory authorities.
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Fortunately there has been progress with respect to government acceptance of ICS as a tool 
for organic inspection and certification. The EU has published a guidance document for the 
evaluation of equivalence of organic producer group certification schemes applied in develop-
ing countries in late 2003. Although this is only a guidance document with no legally binding 
effects on member states in their implementation of EEC 2092/91 (European Commission 
2003), it sets a useful precedent for further development and acceptance and will hopefully 
provide for a more consistent approach in how member countries handle organic certifications 
through ICS. The acceptability of ICS has been debated purely at the regulatory level, rather 
than moving into the realm of market and consumer preferences. Given that the ICS is a tool 
to reduce the costs of an external inspection rather than replace it, the assurance of independ-
ent third party certification is still in place.

Another interesting development is the use of the concept of internal control systems for 
application in other certification systems that work with smallholders such as Fairtrade and 
Utz Kapeh certifications. There is also interest in further developing the concept for wider 
application as a generic management system or total quality management system able to meet 
additional demands placed on the producer group, such as requirements for food safety systems 
(Pyburn 2004).

Developments in participatory guarantee systems

While the development and acceptance of ICS is a positive sign for the close to 350 smallholder 
groups whose organic products are exported, representing 150,000 smallholders (Agro Eco 
2003), the current ‘over-regulated’ high-cost environment has led several organic farmers to 
consider their exit options from these systems. Many farmers wonder why no one trusts them 
anymore, why they have to pay so much money for multiple organic certifications when they 
know in their hearts and minds that they are following organic principles. They know that 
their commitment to organic agriculture is more than securing access to an expanding market, 
that it is embedded in deeply held values about how agriculture should be practiced. Such frus-
trations and the high costs of formal certification are causing a counterforce within the organic 
movement towards a return to simpler regulatory systems, towards organic marketing systems 
oriented to the local community where formal certification is not necessary because of the 
existence of interpersonal trust relationships (see (Raynolds 2004). While this movement is 
gaining momentum, such alternative assurance schemes for local markets have been around as 
long as the organic movement itself (Altieri 2002).

The counterforce is happening not only in developing countries, where smallholder 
producer groups are increasingly unable to bear the human resource and financial costs of the 
management systems and documentation required for certification yet alone the costs of 
multiple certifications, but also in industrialised countries such as the USA. For example, the 
North East Farmers’ Association of New York has developed the Farmer’s Pledge, whereby 
farmers sign an affidavit that can be used as an alternative or complement to mainstream cer-
tification (NOFA-NY 2003). Although there is no formal inspection process, customers are 
invited to inspect farms for themselves to make their own judgements on farmers’ integrity.

Another example of how farmer frustrations with the increasing bureaucratisation of 
organic regulations are starting to take concrete forms in alternative verification mechanisms 
such as community-based certification, self-assessment or peer-review systems, is the ‘Certified 
Naturally Grown’ alternative labelling program for small farms, who grow to USDA organic 
standards but who see the costs and demanding paperwork of USDA accredited certifications as 
unnecessary for their local and direct distribution channels (E. Hendersen, pers. comm., 2003). 
Some small organic farmers have become so disillusioned with the controls imposed upon them 
by the USDA (see Blackwelder et al. 1998), which they argue do not represent the interests of 
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small producers, that they took the USDA to court over the creation of a peer review panel, 
without which it was feared the US organic standards would be compromised toward the inter-
ests of large agribusinesses (Pesticide Action Network North America 2002).

This countermovement is only a small undercurrent in IFOAM meetings, conferences and 
workshops, but is gaining momentum in discussions among IFOAM members. As a starting 
point, a first workshop on Alternatives on Certification for Organic Production was held in 
April 2004. Participating at this workshop were people from 20 countries who represented a 
wide range of assurance alternatives (e.g. farmers’ pledges, second-party assurance schemes, 
group certification, participatory network assurance). Participating systems ranged from the 
Teikei system in Japan, a co-partnership between producers and consumers to Centro Ecolog-
ico linked with the Ecovida Network of Agroecology in Southern Brazil that functions through 
network certification with visits made by an ethics commission made up of farmers, consum-
ers and technical consultants.

Most of these systems operate through alternative marketing channels such as box schemes 
(i.e. local, not-for-profit groups buying and distributing organic food cooperatively), commu-
nity supported agriculture (CSA) and farmers markets among others, where there is a possibil-
ity of developing a relationship with consumers characterised by information exchange and 
personal trust. An interesting example where the system is integrated into mainstream retail 
channels comes from New Zealand. The Organic Farm New Zealand scheme was set up to 
provide an assurance system for an estimated 1500 smallholder organic farmers who did not 
have organic certification. This scheme uses widely accepted organic standards, and its verifi-
cation is based on a combination of farmer group peer review, internal inspection and approval 
by a regional group certification committee (Lernoud and Fonseca 2004a).

Given that there is a general lack of knowledge about the status of alternative approaches 
and the range of different systems represented within the category of participatory guarantee 
systems, a main objective of the workshop was to explore and evaluate the range of existing 
informal methods ‘by the people who work with them’ (Lernoud and Fonseca 2004b). Strengths 
and weaknesses of the participatory systems were discussed with a view to gain wider recogni-
tion by the organic movement and potentially organic regulators, particularly in countries 
where regulations are yet to be implemented (Lernoud and Fonseca 2004b).

Participatory guarantee systems can be critical in strengthening local organic markets in 
developing countries, reducing reliance on exports and contributing to sustainable food 
security. For example, the absence of a national organic standards in India has helped to 
engender a ‘locally acceptable strategy which involved both producers and consumers’, sup-
ported by the Institute for Integrated Rural Development in Maharashtra (Daniel 1999 in 
Harris et al. 2001). This involves weekly farm visits ensuring compliance to locally developed 
guidelines. The wealth of case studies from around the world support claims that local markets 
for organic products in developing countries could increase significantly in the next few years, 
provided that consumer confidence in organic assurance can be raised and that availability of 
organic produce can be increased to local consumers through supermarkets, specialised outlets 
and farmers’ markets (Harris et al. 2001).

Although participatory guarantee systems hold great promise for local markets, they will 
face difficulties in gaining acceptance where there is greater distance between producers and 
consumers, particularly in key import markets such as the USA and the EU that do not recog-
nise participatory certification (Giovannucci 2005). For those developing country govern-
ments that have managed to gain recognition of their domestic regulatory regimes through the 
adoption of standards and systems that are consistent with key import regimes, they are placed 
in a difficult bind when it comes to recognising participatory guarantee systems for their 
domestic markets. Of the situation in Costa Rica, Echeverría (2004) recounts:
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For individual farmers or very small groups, certification costs are just not worth it, 
since local consumers are usually not in the position to pay an overprice. On the 
other hand, farmers who are not certified cannot advertise their products as 
organic and therefore, production and market growth are limited. A working group 
of NGOs, farmers and others from MAOCO are trying to find alternative ways of 
certification for the local market, but the task has been hard since the fact that our 
legislation was made to comply with EU requirements does not give too much 
room for alternatives.

Creative thinking is needed to find ways to bridge the socially embedded world of partici-
patory guarantee systems with more formal regulatory mechanisms. There may be lessons to 
learn from countries such as Brazil where ‘participatory certification’ is placed alongside third 
party certification in the country’s domestic organic legislation (Giovannucci 2005). Further 
work in such areas is critical to identify and strengthen assurance systems that are appropriate 
to the particular conditions, scope and scale of organic trade.

Conclusions
One could dream about how nice the world would be if there were no need for standards and 
control, with everything built on trust. But we have to face reality. The history of the term ‘sus-
tainability’ shows the growing need to defend the organic movement (Geier 1997).

While reality indeed dictates the need for standards and control of organic agriculture, 
especially as the scale and scope of organic trade increases, in order for organic regulation to 
develop into a truly effective and harmonised system, global in scope yet sensitive to local con-
ditions of production, trust needs to return to organic guarantee systems. Organic regulators 
need to learn to trust each other across national, regional and even public–private boundaries. 
In order to simplify organic standards and conformity assessment processes and ensure that 
organic agriculture is accessible to all, organic regulators and consumers need to learn to trust 
farmers just a little in working out the fine details of organic agriculture.

Activities and mechanisms that enable trust building are key, including the work of the 
International Task Force on Harmonisation in bringing the various regulatory agencies 
together to learn more about each others’ systems and evaluate the strengths, weaknesses and 
competencies of the various programs and models. Upon this basis, the slow process of har-
monisation can begin.

With respect to the need to balance the local and the global in organic agriculture, estab-
lishing the principle of subsidiarity will be most useful. This will ensure that the key principles 
of organic agriculture are clearly defined and consistently enforced, with the rest of us trusting 
enough to leave the day-to-day practice of organic farming to farmers who are most knowl-
edgeable about their own local conditions.

Last but not least, work done to strengthen and improve acceptance of internal control 
systems as a tool for smallholder group certification is urgently needed while the organic 
movement explores what the formalised regulatory systems can learn from participatory guar-
antee systems and how they can mutually reinforce each other to create a diverse yet comple-
mentary web of regulatory structures up to the task of providing assurance across an even 
more diverse sector.
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Special topic 3

Contradictions of principles in organic farming
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Organic farming has been as much a philosophy of life as a means of food production. Organic 
farming was a self-renewing, regenerative process, based on nature’s principles of production. 
Recent trends, however, are transforming organic food production into an extractive, exploita-
tive process, based on the principles of industry rather than nature. Economic demands for 
greater productivity, for consistency and uniformity of product quality and for dependability 
and timeliness of delivery, are encouraging organic food producers to standardise, specialise 
and consolidate control. The principles of productivity now driving organic food production 
are direct contradictions of the historic principles of organic farming.

Philosophical history of organic farming
Organic farming is rooted in the concepts of biodynamic farming, first articulated in 1924 by 
philosopher Rudolph Steiner in a series of lectures, and later taught by biochemist Ehrenfried 
Pfeiffer and others during the 1930s and 1940s (Steiner 1974, Pfeiffer 1947). 

According to the Bio Dynamic Farming and Gardening Association (2004):

Central to biodynamics is the concept that a farm is healthy only as much as it 
becomes an organism in itself – an individualised, diverse ecosystem guided by the 
farmer, standing in living interaction with the larger ecological, social, economic, 
and spiritual realities of which it is part.

In this context, the term ‘organic’ refers to the organisation of the farm as a living system, 
as an organism. In addition, biodynamic farming was clearly spiritual as well as biological. 
Steiner was concerned that food grown on increasingly impoverished soil could not provide 
the inner sustenance needed for spiritual health.

Early advocates of organic farming believed that human health was directly connected to 
the health of the soil. Soil scientist, William Albrecht, wrote in 1952 (Albrecht 1952):

Human nutrition as a struggle for complete proteins goes back […] to fertile soils 
alone, on which plants can create proteins in all completeness.

He later wrote (Albrecht 1966):

We are slow to study the importance of soil fertility to the quality of food, for this 
is not yet to our economic advantage in the marketplace.
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Organic pioneer and publisher, J.I. Rodale wrote (Rodale 1948):

The organiculturist farmer must realise that in him is placed a sacred trust, the task 
of producing food that will impart health to the people who consume it. As a 
patriotic duty, he assumes an obligation to preserve the fertility of the soil, a 
precious heritage that he must pass on, undefiled and even enriched, to subsequent 
generations.

Organic farming also has cultural roots in the observations of F.H. King, Sir Albert Howard, 
and others who attempted to discern the principles of a permanent agriculture in the centu-
ries-old farming systems of the world, particularly in the Far East. In the preface to King’s 
book Farmers of Forty Centuries (King 1916), Liberty Hyde Bailey wrote:

We have not yet gathered up the experience of mankind in the tilling of the earth; 
yet the tilling of the earth is the bottom condition of civilization.

King’s book was an attempt to gather the experiences of 40 centuries of farmers in the Far 
East. He concluded that organic farming was essential to a permanent agriculture because it 
returned organic matter to the soil.

Howard began his book, An Agricultural Testament (Howard 1940), with the assertion:

The maintenance of the fertility of the soil is the first condition of any permanent 
system of agriculture.

Much of his opening chapter (Howard 1940) was then devoted to contrasting the perma-
nent agriculture of the Orient with the agricultural decline that accompanied the fall of the 
Roman Empire. He wrote:

The peasants of China, who pay great attention to the return of all wastes to the 
land, come nearest to the ideal set by Nature. They have maintained a large 
population on the land without any falling off in fertility. The agriculture of 
ancient Rome failed because it was unable to maintain the soil in a fertile 
condition.

Historian, Theodor Mommsen, reflecting on the rise of Rome (Mommsen 1894), wrote:

Many nations have gained victories and made conquests as the Romans did; but 
none has equalled the Roman in thus making the ground he had won his own by 
the sweat of his brow, and in securing by the ploughshare what had been gained by 
the lance.

G.H. Wrench, commenting of the later fall of Rome (Wrench 1939), wrote:

Money, profit, the accumulation of capital and luxury, became the objects of 
landowning and not the great virtues of the soil and the farmers of few acres.

Howard concluded:

The farmers of the West are repeating the mistakes made by Imperial Rome.

Modern definitions of organic farming
The early advocates of organic farming clearly understood the critical connections between 
health of the soil, health of people, and health of society. These connections also are recog-
nised in most current definitions of organic farming. For example, the Organic Farming 
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Research Foundation (OFRF) in the United States of America (USA) defines organic farming 
as ‘a modern, sustainable farming system which maintains the long-term fertility of the soil 
and uses less of the Earth’s finite resources to produce high quality, nutritious food’ (OFRF 
2004). The International Federation of Organic Agriculture Movements (IFOAM) goes further 
in defining organic agriculture (IFOAM 2004) as an:

agricultural production system that promotes environmentally, socially and 
economically sound production of food and fibres, and excludes the use of 
synthetically compounded fertilisers, pesticides, growth regulators, livestock feed 
and additives and genetically modified organisms.

Unfortunately, in establishing national and international standards for organic produc-
tion, the emphasis has shifted from the purpose and principles of organic farming to the 
specific inputs, practices, and methods that tend to characterise organic farms.

The historic purpose of organic farming was to ensure the permanence of agriculture, and 
through agriculture, the permanence of human society. IFOAM (2004) states:

The purpose of organic agriculture is to optimize the health and productivity of 
interdependent communities of soil life, plants, animals, and people.

Permanent �ersus producti�e agriculture
Healthy, productive, living communities are essential means of ensuring permanence. Living 
organisms and living organisations are both distinguished by their capacity for permanence. 
Non-living systems inevitably tend toward entropy. Living systems, however, are capable of 
capturing, transforming and storing solar energy to offset this inevitable degradation of matter 
and energy. Thus, permanence is inherently dependent on healthy, living, organic systems of 
production. Only organic systems are capable of restoring the form, pattern, hierarchy and dif-
ferentiation inevitably lost in the natural tendency toward entropy. The historic principles of 
organic farming were the principles of living systems.

The purpose of an industrial agriculture is productivity, not permanence. The principles 
driving productivity in today’s capitalistic market economies are profits and growth. Under 
neoclassical capitalism, all surpluses or profits must be reinvested in means of production to 
achieve ever-greater productivity and growth, and profits must be maximised to achieve effi-
cient resource allocation and use. Capitalism allocates nothing to the regeneration or restora-
tion of the ecological or social resources from which it extracts its productivity. Industrial 
agriculture allocates nothing to restoring organic life to the soils or social life to the communi-
ties upon which its long-run productivity ultimately depends.

The processes of specialisation, standardisation and consolidation of control characterise 
all industrial organisations (Ikerd 2001). Adam Smith, the father of contemporary economics, 
expounded on the potential gains in productivity that could be achieved through specialisa-
tion, which he called ‘division of labour’. Division of labour, put simply, meant that each 
labourer specialised in performing a single task or a limited number of tasks in the production 
process. By performing fewer tasks, each labourer could perform their specific tasks much 
more efficiently, and thus, could be much more productive.

Industrial systems also required standardisation to facilitate the division of responsibili-
ties, to ensure that each stage of production could be fitted effectively with previous and fol-
lowing stages. Standardisation allowed specialised processes to be scheduled and mechanised, 
and allowed producers to obtain and use input materials from several different suppliers. Sim-
plification and scheduling of production allowed each decision maker to manage or control 
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more resources – land, labour, capital – thus facilitating consolidation. Finally, consolidation 
allowed industrial organisations to achieve greater productivity through ‘economies of scale’. 
Industrialisation inevitably led to fewer, larger, specialised and standardised organisations.

These essential processes of industrialisation, if unchecked, eventually create direct con-
flicts with the essential characteristics of healthy, living systems. Specialisation diminishes 
differentiation, standardisation erases form and pattern, and consolidation destroys the 
natural hierarchy found in healthy, living, organic systems. Industrial systems achieve their 
greater productivity by removing anything that constrains the release of energy from matter, 
thus accelerating the tendency toward entropy. The natural environment and society are con-
straints to maximisation of profits and growth, and thus, are removed. However, natural 
organic systems have internal controls, which limit their rates of growth and reproduction and 
define their healthy mature size or scope. Internal controls moderate the release of energy 
from living systems, releasing surplus energy for external use or productivity, but retaining 
sufficient energy for renewal and regeneration. Living systems are able to maintain their diver-
sity, form and hierarchy, and thus, to sustain both their health and productivity. The indus-
trial organisation, lacking natural internal controls, grows uncontrollably like a cancerous 
tumour, until it depletes its energy supply and destroys the life of its host.

The productivity and regenerative capacity of organic systems depend upon an appropriate 
balance between specialisation and diversity, between standardisation and individuality, and 
between consolidation and devolution of control. Lady Eve Balfour, in commenting on the 
definition of organic farming as opposed to conventional farming (Balfour 1977), said:

I prefer the term biological husbandry because of its emphasis on life, the short 
answer is balance.

She talked about how organic farming is impossible without taking a ‘positive and ecologi-
cal approach’, which relies on balance and harmony, whereas conventional farming is ‘negative, 
narrow, and fragmentary, and consequently produces imbalance’, because it relies on speciali-
sation and domination of nature.

The challenge to organics of increased demand
Unfortunately, in efforts to increase the productivity and profitability of organics, to make 
organic foods more accessible to more people, organic agriculture is being transformed into 
industrial agriculture. While the objectives may seem worthy, the fundamental purpose of 
organic farming, its permanence, is being placed in peril by this transformation. As organic 
farmer and writer, Elliott Coleman (Coleman 2004), has pointed out:

Since the 1930s, organic farming has been subjected to the traditional three-step pro-
gression that occurs with any new idea directly challenging orthodoxy. First, the orthodoxy 
dismisses it. Then it spends decades contesting its validity. Finally, it moves to take over the 
idea. The industrial food system has finally been forced to recognise a growing consumer 
preference for organically produced foods, and thus, is now moving to take over organic 
production.

The rapid growth in consumer demand for organic foods during the 1900s sparked 
optimism among organic farmers that organic farming might soon displace conventional 
farming. The patchwork of differing organic standards and certification organisations at the 
time seemed an obstacle to moving organic foods into mainstream food marketing channels. 
So, organic farmers initiated political movements to develop national organic standards and 
then to harmonise organic standards among nations. National and global standards for organic 
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certification would allow organic foods to move freely within nations and among nations, to 
accommodate the needs of the increasingly global industrial food system.

Ironically, organic farmers may have sown the seeds of their own destruction. The food 
system that organic farmers were seeking to accommodate is driven by the industrial principles 
of productivity, not the organic principles of permanence. The industrial food system is charac-
terised by uncontrolled specialisation, standardisation and consolidation, not by maintenance 
of balance and harmony. National organic standardisation simply opened the door to corporate 
consolidation of control of organic production and distribution (Kirschenmann 2000).

International harmonisation also forces organic farmers worldwide to conform to a single 
set of organic standards, with little regard for their specific ecological, social, economic or 
cultural conditions. Harmonisation of standards pressures organic farmers to harmonise costs 
of production among nations, forcing returns to organic farmers and farm labourers every-
where toward the minimum achievable by the organic industry anywhere, in a proverbial ‘race 
to the bottom’. This homogenisation of organics removes many of its historic ecological, social 
and cultural restraints to the exploitation of people and extraction of natural resources globally, 
in the pursuit of maximum profits and growth.

Not surprisingly, many of the most economically successful of early organic producers 
eventually came to share the industrial philosophy of production. Their small organic enter-
prises grew into large industrial organisations (Guthman 2000). Some sold their successful 
operations to large food corporations, which typically retained their once-respected organic 
labels. Today, the largest food corporations in the world own most of the organic industry’s 
leading labels, which are distributed by the world’s largest food retailers (Cienfuegos 2004).

If the current trend continues, certified organic production might soon be the exclusive 
domain of industrial-minded producers. The organic producer groups advising governments 
on organic standards and certification will soon be dominated by producers guided by the 
principles of productivity rather than of permanence. Organic standards will eventually be 
changed as needed to accommodate industrial production methods. Other organic producers 
will be forced by competition to meet minimum standards at minimum costs, forcing them to 
adopt industrial methods to survive. The industrialisation of certified organic production will 
then be complete.

Fortunately, industrial organics is not the only viable alternative for organic farmers. Lady 
Balfour (Balfour 1977) said:

I am sure that the techniques of organic farming cannot be imprisoned in a rigid 
set of rules. They depend essentially on the outlook of the farmer.

Her statement of 1977 is still true. The fundamental f laws of industrial organics will 
become more readily apparent to more people as the concept becomes more commonplace. 
The widely recognised negative ecological and social consequences of mining, manufacturing 
and even conventional agriculture are all the natural consequences of the industrial approach 
to resource management, which inevitably conflicts with the ecological and social health of 
living systems. As the consequences of these conflicts of principles become more obvious, 
however, those organic farmers who have remained committed to the historical principles of 
living systems will find new opportunities.

This principle-based approach to organic farming has been given various labels, including 
sustainable organic, philosophical organic and deep organic (Balfour 1977, Ikerd 2001, 
Coleman 2004). All three terms accurately reflect the historical roots of organic farming in 
ecological, social, cultural and spiritual concepts of permanence. Of the three, deep organic 
seems the most simple, direct, and thus, compelling.
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Deep organic farming
Deep organic is analogous to deep ecology, a term first used by a Norwegian philosopher, Arne 
Naess, in 1973 (Devall and Sessions 1985). Naess argued that the environmental movement 
existed at two levels, ‘shallow’ and ‘deep’. The shallow movement was concerned primarily 
with human welfare issues such as pollution and depletion of natural resources. The deep 
movement was more concerned with fundamental philosophical issues concerning how 
humans ‘should’ relate to their environment. Naess argued that Western philosophy reflects 
an outdated view of the world, in which humans see themselves as separate from each other 
and from their natural environment. A deeper understanding, however, reveals that humans 
are not truly separate or isolated, but instead are integrally interconnected with each other and 
with the world around them. Humans are ‘part of the flow of energy, the web of life’. The early 
advocates of organic farming clearly understood farms, farmers and their social and natural 
environment as parts of the same flow of energy and web of life.

Eliot Coleman (Coleman 2004) wrote:

Deep-organic farmers, after rejecting agricultural chemicals, look for better ways to 
farm. Inspired by the elegance of nature’s systems, they try to mimic the patterns of 
the natural world’s soil-plant economy […] Shallow-organic farmers, on the other 
hand, after rejecting agricultural chemicals, look for quick-fix inputs. Trapped in a 
belief that the natural world is inadequate, they end up mimicking the patterns of 
chemical agriculture. 

Deep-organic farming, like deep ecology, is rooted in philosophy, which asks how we 
‘should’ relate to each other and how we ‘should’ relate to our natural environment. Deep-
organic farming is based on the understanding that humans are not separate or isolated but, 
instead, are integrally interconnected with each other and with the world around us. Health of 
the soil, health of people and health of society are integral aspects of the same whole. However, 
deep organics goes beyond holism and culture-based ethics: it reflects a fundamental belief in 
the moral and the spiritual, in a higher order of things, in a set of absolute laws of nature, of the 
universe, to which all living things ultimately must conform. It assumes the existence of right-
ness and goodness in relationships, which give purpose and meaning to life. Deep-organic 
farming is consistent with both the biological and spiritual roots of organic farming. Organic 
farming for the purpose of permanence requires a deep, philosophical commitment to the 
living principles of permanence.

The principles of permanence are the principles of sustainability. A sustainable agriculture 
must meet the needs of the present without compromising the opportunities of the future. A sus-
tainable agriculture must be capable of sustaining an ever-renewing, regenerative, evolving, 
diverse, holistic, interdependent human society, for as long as the Earth receives energy from the 
Sun, the ultimate source of sustainability. A sustainable agriculture is a permanent agriculture.

Sustainability
The core principles of sustainability are ecological integrity, social justice, and economic via-
bility; in balance and harmony (Ikerd 2001). Sustainable systems need to be managed to 
achieve balance and harmony between meeting the needs of the present and leaving opportu-
nities for the future. Ecological integrity depends upon harmony and balance between pro-
ductivity and regenerative capacity of living systems. Social justice depends upon harmony 
and balance between individual liberty and justice for all. Economic viability depends upon 
harmony and balance between short-run profits and long-term investments. Sustainable 
systems must be managed to achieve balance and harmony among the ecological, social and 
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economic dimensions of living systems. The historical principles of organic farming are the 
principles of sustainable living systems.

These principles of organic farming reflect a deep, philosophical understanding of a right-
ness of relationships among people and between people and their natural environment. They 
recognise that a system of farming cannot have ecological integrity unless it is also has social 
and economic integrity. It cannot be socially just unless it is also ecologically and economically 
just. And, it cannot be economically viable unless it is ecologically and socially viable. These 
principles of organic farming are but different aspects of the same web of life and the same 
flow of energy. Such principles cannot be captured in a set of standards or regulations, and 
therefore cannot be imprisoned in a rigid set of rules. These principles are written in the hearts, 
minds and souls of people, in their common sense of right relationships, not just as farmers, 
but also as consumers, as citizens, and as morally responsible human beings.

The industrial farm, organic or conventional, is driven by the principles of maximum 
profits and growth, not by the ecological, economic and social principles of permanence. The 
industrial farmer feels compelled to give priority to the economic bottom line. Industrial 
farming shows no respect for the wholeness of its living systems; it is about separation, special-
isation and dominance. The environment and society are viewed as constraints to economic 
efficiency, not necessary principles of economic viability. In industrial farming, economic via-
bility is measured in years at most, not decades or centuries, and certainly not permanence. 
The economic principles of industrial organic farming are direct contradictions of the histori-
cal balance of ethical, social, and economic principles in organic farming.

The sustainability of organic farming ultimately depends upon people making a personal 
commitment to maintaining the health and productivity of self-renewing, regenerative, living 
ecosystems, societies and economies. Personal commitments require a sense of personal con-
nectedness, thus sustainable organics requires a linking of people and purpose with place. In 
the words of Wendell Berry (Berry 1990):

Farming by the measure of nature, which is to say the nature of the particular 
place, means that farmers must tend farms that they know and love, farms small 
enough to know and love, using tools and methods that they know and love, in the 
company of neighbours they know and love. 

Berry has never claimed that farmers of the past, conventional or organic, have ever 
achieved true harmony with nature or sustainability. He simply states that harmony in nature, 
as with harmony in society, must be achieved through loving relationships. The permanence 
of food and farming systems depends upon personal relationships of integrity and trust among 
farmers, farm workers, eaters and citizens within local communities.

Some people may question whether community-based food systems can be realistically 
expected to feed the people of the world. However, local community-based food systems could 
be linked together through personal relationships, to form a global network of local food 
systems. The integrity of the connections between health of soil, health of people and health of 
society could be ensured locally but linked globally, through personal relationships of integ-
rity among people in different communities. And, when people are connected by relationships 
of integrity, the result is an equitable sharing of benefits, among farmers, farm workers and 
consumers, both within and across generations.

This is not some utopian vision of the future. Human life on earth simply is not sustainable 
unless a sustainable global food system is developed. Humans are no less dependent upon the 
productivity of the earth for our survival than in times when all humans were hunters and 
gatherers. Our dependencies are less direct and more complex, but are no less critical. Fifty 
years from now, when twice as many people may populate the Earth, people will depend no 
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less on the other living things of the earth than we are today. What will they do then, if the 
non-renewable fossil energy and mineral resources upon which industrial agricultural systems 
depend have been degraded and depleted? A society characterised by relationships of integrity, 
among people and between people and the earth, is not some utopian vision: it is a future 
necessity. A social movement born of the necessity will continue as a post-industrial movement 
toward a more desirable quality of human life: personally, socially and spiritually.

Hopefully, a growing number of people will soon come to realise that ‘shallow-organic 
foods’ are but cheap imitations of the ‘deep-organic foods’ they were seeking. Growing global 
environmental, social and economic justice movements indicate that more people are begin-
ning to realise that shallow environmentalism is but a cheap imitation of deep ecology, free 
elections and constitutions are only cheap imitations of social equity and justice, and free 
markets are but cheap imitations of economic integrity. As more people seek lasting value 
through authenticity and integrity in all aspects of life, they will be increasingly amenable to a 
renewed understanding that all of life in rooted in the soil.

The future of humanity literally depends upon a return to the historic principles of organic 
farming. Global society today depends no less upon the fertility of the soil than during the 
days of the ancient farmers of China or the farmer-warriors of Rome. The health of society and 
the health of people still depend upon the health of the soil. The absence of commercial chemi-
cals will not ensure a healthy agriculture, as proven by farmers from ancient Rome to the mid-
20th century. The sustainability of human life on Earth depends upon keeping farmers who 
are committed to the principles of sustainability on farms small enough to know and love, in 
the presence of neighbours that they know and love, providing food for people that they know 
and love. The people of a society committed to relationships of integrity will reconnect with 
farmers who are committed to the organic principles of permanence, allowing both farmers 
and society to sustain prosperity – economically, socially and ecologically.
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Chapter 10

Economic management in organic agriculture
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Introduction
The old question, ‘But is it profitable to farm organically?’ will always be with us, at least for 
those who have not followed organic agriculture closely.

The answer to this question is that ‘it depends’. Whether land under organic management 
can be as productive as conventional farming depends on, among other factors, what is 
included in the comparison. How long is the time frame under consideration? Looking at any 
time within the first period of one rotation is not likely to show organic agriculture in a positive 
light. Similarly, if only the private (on-farm) costs are considered while neglecting the public 
(off-farm) costs or externalities, such as consumer and environmental health, the organic 
system may not always compare well. The willingness of some consumers to pay extra for 
organic produce, or of some governments to support organic agriculture, reflects the thought 
that these externalities should be counted. The taxing of certain agricultural inputs such as 
pesticides, as some Scandinavian countries do (Schou and Streibig 1999, Jesper Schou, pers. 
comm. 2005) is another way in which to acknowledge and force producers to internalise exter-
nalities of agricultural activities. It aids in redressing the difference in agricultural production 
costs between the two systems, thus influencing the answer to the profitability question. But, 
one may say, even if farmers can make a living when receiving premiums and subsidies, what 
are the chances that organic farming can feed the world without destroying it – as some would 
like us to believe that that is what would happen with increasing conversion to organic man-
agement (Avery 1995).

Economic management

Established farms
Many in organic agriculture have moved on from whether organic agriculture works to how it 
works, and finding efficient solutions for if and when it does not work. Already in the 1980s, 
there was a movement away from comparing farm results between the two systems towards 
exploring different options on an organic farm (Dlouhy and Nilsson 1983). Despite this reso-
lution, comparisons continued in many countries, if only to provide a reference to changes 
under organic management.

Klepper et al. (1977) published one of the first and best-known economic comparisons 
between organic and conventional farming in the United States of America (USA), with a follow-
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up by Lockeretz and Madden (1987). Several other surveys were published, such as in the United 
Kingdom (UK) by Murphy (1975) and Vine and Bateman (1981). In the early 1990s, Lampkin 
and Padel (1994) pulled together, in an edited volume, studies in many countries (from Europe, 
USA, Canada, Australia) and analysed many aspects of organic agriculture. Topics encompassed 
physical (yield, production) and financial (input costs, output prices, total farm receipts) varia-
bles of both established farms and those in conversion. This survey also included modelling 
widespread conversion to organic farming in different countries. Since then, other studies have 
been published that consider the differences between the two systems in some or all of those 
concepts, such as Penfold et al. (1995), Smolik et al. (1995), Reganold (1995), Wynen (1998), 
Clark et al. (1999), Offermann and Nieberg (2000), Wynen (2000), Stonehouse et al. (2001), 
Butler (2002), Pacini et al. (2002), Mäder et al. (2002), Nieberg and Offermann (2003), Delate et 
al. (2003), and Smith et al. (2004). Nicholas et al. (2004) provide an overview of studies carried 
out in the organic dairy industry. As many different combinations of profitability to different 
factors (e.g. land, labour) were analysed in Lampkin and Padel (1994), the studies carried out 
since then have served to highlight prevalent aspects in particular industries, under certain 
climatic and soil conditions, in particular geographical areas and within a particular policy 
framework. In some of the later studies particular topics (apart from financial returns) such as 
measures of sustainability and energy efficiency have received more emphasis.

No attempt is made here to write an exhaustive treatise of the economics of organic agri-
culture. Rather, the aim is to highlight key issues affecting returns to management in organic 
agriculture, often comparing them with returns to management on a conventional farm. Pro-
duction, input costs, output prices, premiums and subsidies are discussed to arrive at the farm 
profitability on established organic farms.

Production and productivity

Productivity is production related to inputs. Productivity is often equated with production  
(e.g. tonnes of grain, head of cattle) per unit of land (hectare), but productivity could also be 
measured as output per unit of labour, energy or water used, or investment. Many assume that 
agricultural production per hectare under organic management is lower than under conven-
tional management. Although this is often the case, it is not necessarily so. There are some 
general rules that can be observed.

Yield changes (changes of production per hectare or animal) are often relative to the inten-
siveness of the enterprise before conversion. This is true within enterprises (e.g. changes on 
intensively farmed cereals are larger than on extensively farmed cereals after converting to 
organic management) and between enterprises. For example, changes in yields in intensively 
run horticultural enterprises may be different from those in intensive cereal–livestock farming 
after conversion. In countries with a relatively high percentage of agriculture in extensive 
industries, such as dairy farming as compared with crops only, more farmers tend to convert 
to organic agriculture (e.g. in Austria and Switzerland), possibly reflecting the ease of conver-
sion within this industry compared with other industries.

As the intensity of agriculture in a certain industry, say cereal–livestock, differs between 
countries, figures for changes in yield due to a change in management system also differ 
between countries. For example, reductions in crop yields after conversion were up to 40% in 
some European countries such as the UK, Germany, Denmark and the Netherlands in the 
1990s, while those in Australia, Canada and the USA were between 10% and 20% down and 
were, in some cases, even higher than those under conventional farming (Lampkin and Padel 
1994, p. 202). Mäder et al. (2002) mentioned yield decreases of 20% to be normal in organic 
systems in Switzerland, and Nieberg and Offerman (2002) found typical grain yield decreases 
of between 30% and 40% in several European countries.
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For dairy, yield changes are more similar between countries. Yield changes per cow per year 
reported by Lampkin and Padel (1994, p. 203) are about 10% and stocking rate 20% to 30%, 
resulting in a reduction of milk yields of 30% to 40% per hectare. Nieberg and Offerman 
(2002, p. 143) mention a decrease of up to 20% in European countries per cow per year, and 
between 20 and 40 of cows per hectare. In Australia, Wynen (2000) recorded a decrease in 
milk litres per hectare of between 30% and 35% on seven pairs of farms. In Canada, Stone-
house et al. (2001) found average milk sales per cow on 7 organic farms to be 4% down 
compared with 111 conventional dairy farms, and those per hectare were 41% lower. In the 
USA, average milk sold per cow was 13% lower on six organic farms compared with 27 conven-
tional enterprises in the same region, while no figures on stocking density were provided 
(Butler 2002).

In developing countries, where the choice for organic agriculture is often made in the 
context of no-use of pesticides and fertilisers, the United Nations Food and Agriculture Organ-
ization (FAO) mentioned that organic management may even increase yields (FAO 1998, Scial-
abba and Hattam 2002, see Chapters 4 and 5). Very few data are available for developing 
countries.

The cost of production

Yield is not the only indicator of farm productivity. Inputs used to deliver those yields should 
also be considered, and can be in the form of materials, as discussed below, but they may also 
be in different forms. For example, one way to manage soil fertility and pest problems on 
organic farms is to employ a different rotation from that on conventional farms where syn-
thetic fertilisers and pesticides can perform those tasks. Because of the difference in rotation, 
which may also mean a larger diversity of crops, the whole farm needs to be considered when 
determining productivity and profitability.

For the farmer, the net profitability of the farm is important (i.e. what is left of the total 
receipts when all costs have been paid). For the profitability of the farm, the input costs can 
be as important an issue as the quantity produced and the prices received for the 
production.

In many agricultural enterprises, organic farmers may use fewer inputs such as fertilisers 
and pesticides and sometimes more labour, such as for hand-weeding, than on conventional 
farms. This is not necessarily the case, as materials to manage nutrients and pests on organic 
farms such as mineral fertilisers, compost and pheromones can also be costly.

Padel and Lampkin (1994, pp. 206–207) reported total variable costs to be typically 50% to 
60% lower for organic cereals and grain legumes; 10% to 20% for potatoes and horticultural 
crops; and 20% to 25% for dairy cows, mainly due to reduced concentrates. For pigs and 
poultry, the extra cost of organic feed often means no reduction in average input prices.

Padel and Lampkin (1994) also summarised the fixed costs. Labour (classified as fixed 
costs) is seen to be mainly higher on organic farms, while other costs including power, repairs, 
depreciation of machinery, property charges and depreciation and capital costs were reported 
as similar in most countries, though higher in Germany and lower in Australia. However, in a 
later survey among Australian cereal–livestock farmers, this difference was much less pro-
nounced than in the earlier study, or non-existent (Wynen 2001).

Labour cost is often controversial as it differs greatly between industries. For example, it is 
more likely to be similar or higher in intensive industries (e.g. horticulture, where labour can 
contribute considerably to replace herbicides) than in extensive industries (e.g. large-scale 
cereal growing). However, there can also be variations within industries. For example, labour 
costs were found to be similar or lower in studies on dairy farms in Australia (Wynen 2000) 
and Canada (Stonehouse et al. 2001), but higher in the USA (Butler 2002).
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Output prices and premiums
In relation to price premiums, it is important to discuss the more recent studies, as this variable 
is rather dependant on time. Nieberg and Offerman (2002) reported on premium prices on 
wheat, milk and beef between 1994 and 1997 in several European countries. For wheat, typical 
premiums were between 50% and 200%; for dairy, between 8% and 36%; and for beef, 
premiums tended to be between 20% and 30%. For the last two categories, the average 
premiums were low, at least partly because some of the product was sold on the conventional 
market without premiums.

Hamm et al. (2004) estimated that premiums for cereals in the EU countries in 2001 
reached just over 100%. For oilseeds, the premiums were recorded as 70%, for potatoes 166% 
and for wine 32%.

In Australia, Halpin and Brueckner (2004, p.70) reported average price premiums of all 
organic goods to be 80%. Several products scored over 100%, such as wholemeal f lour, muesli, 
olive oil, spaghetti (the highest was 287%), several vegetables (beans, zucchini, carrots), hard 
cheese and minced beef.

However, not all organic products are sold on the organic market, and percentages of 
produce receiving a premium can vary considerably. For example, the range in Australia was 
estimated to be between 10% (sheep meat) and 95% (fruit and vegetables) being sold in the 
organic market in 2000 to 2001, with almost three-quarters of the total grains sold as organic, 
two-thirds of beef, and half of the organic milk supply (Wynen 2003).

Profitability

A general picture emerges of lower yields and productivity per farm, lower input costs and 
higher output prices on organic farms than those on conventional comparisons. The results in 
the different studies included in Lampkin and Padel (1994) ranged from lower net returns in 
the studies in the USA, UK and Switzerland, similar in Australia and higher in studies from 
Germany, Denmark and Wales.

Inclusion of premiums is, of course, an important determinant of the results. In some 
countries, such as those in Europe, premiums were more common than in others. In the Aus-
tralian study (Wynen and Edwards 1990), for example, very few farmers received premiums at 
the time of the first survey in the mid-1980s. In a later study, all farmers received premiums 
though the net farm returns were variable, being similar to those of conventional neighbours 
in one year and considerably lower in the next (Wynen 2001). Obviously, factors other than 
price premiums may be of greater significance in the total picture.

In several different studies on both arable and dairy farms in ten European countries, net 
profits per hectare on organic farms were mainly within 20% of conventional farms (Nieberg 
and Offermann 2002). When the measure was profit per family work unit, the results for 
organic farmers were found to be similar or better than for conventional farmers. Profits varied 
considerably both by locality (country) and type of enterprise. Arable organic farms in partic-
ular were doing well, though specialised, highly intensive farms were generally not profitable 
under organic management. The figures included premium prices and subsidies for organic 
and conventional farming, which were important contributory factors in the profit figures. 
Not many data were available for horticultural, pig and poultry farms, possibly indicating that 
few farmers had converted to organic management in those industries.

In a time series analysis of data for five countries (Switzerland, Germany, Austria, the 
Netherlands, Denmark) between 1990 and 2001, this same study showed mainly higher profits 
per hectare on organic farms. Annual results on organic and conventional farms follow very 
similar patterns, indicating that outside factors such as climate, prices and policies are rather 
more important for the profitability of the farm than the difference between the two systems.
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In the dairy study in Australia, biodynamic farms showed a considerably lower net return 
over the three years surveyed than their conventionally farming neighbours, though their 
returns were similar compared with all farmers of the area (Wynen 2000). These results were 
achieved with no or low premium prices for the biodynamic milk. To reach similar returns to 
those of their conventional neighbours, the biodynamic farmers would have needed a premium 
price of about A$0.10 per litre of milk, a premium not considered extravagant in some other 
countries. The study in Canada (Stonehouse et al. 2001) showed a 12% lower net income per 
hectare on organic farms, though the return was 1 percentage point higher for the organic 
farms as returns on total assets. The USA study showed 16% lower net income per litre of milk 
produced (Butler 2002).

Conclusion for established farms

Looking at the different studies over time on the comparability of organic and conventional 
management systems, the results of the net returns and their components of yield and total 
production, input costs and output prices are variable. In some studies net returns were found 
to be lower, and in others similar or higher. The question of comparative profitability is 
unlikely to be answered definitively, as the results depend on many factors, only some of which 
are within the farmer’s control. The management of the farm and decisions about which crop 
to grow where, or even which enterprise to include, are somewhat under the farmers’ control. 
Climate and soil type, input and output prices, premiums and subsidies depend on the partic-
ular country and time in which the farmer lives, with policies changing over time. Perhaps, the 
inclination of the organic movement to minimise comparisons of the system in the 1980s was 
reasonable, especially if they were carried out to convince the conventional sector that invest-
ment in this system was warranted, rather than to find where the change in management 
system impacted most, and how to make the system work better.

In the debate about whether it is financially rewarding to farm organically, the question of 
what to include in the final analysis remains. The private benefits to the farmer are included. 
From society’s point of view, another relevant factor is the difference in off-farm effects 
between the two management systems. This is notoriously difficult to quantify but is still 
relevant for the full picture of the total efficiency of the systems. In some of the studies dis-
cussed, this factor is already included in the form of subsidies and premium prices, though 
these extra revenues must also cover the extra cost of small-scale marketing.

So, the answer is not clear cut. The studies discussed here indicate that the results can be 
positive for organic farmers, but do not necessarily need to be so. When considering conver-
sion, the farmer would be wise to take several factors into consideration, including the physical 
attributes of the farm and the farmer, marketing possibilities and the political climate in the 
country at that time.

Con�ersion challenges
Whether a farmer can become an established organic farmer and not go bankrupt in the 
process depends on several factors. Important in this connection is the capacity of the farmer 
to adapt to a different way of management, and the ability to consider availability of farm 
resources on the history of the fields, market possibilities and political climate. This last issue 
involves government support in the form of, for example, production subsidies and research 
funding or reducing hurdles through regulations that hinder organic production and market-
ing. Lampkin and Padel (1994) devoted several chapters to the effect of conversion in several 
countries, and quote several early studies. In Australia, the process of conversion in the cereal–
livestock industry was analysed by Wynen (1992).
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Whatever the physical and financial problems of transition to organic agriculture may be, 
possibly one of the most difficult to overcome are the misconceptions about whether organic 
agriculture could work, and if it does, how. Lack of information about what changes are needed, 
and how to implement those changes, has always been mentioned as a major problem. Manage-
rial ability, being able to manage the farm in a way appropriate to the system (e.g. handling 
 different varieties, changing seeding dates to beat pests, recognising problems before they cause 
great damage, and having knowledge about solutions) is an important first requirement.

In the first years of moving towards organic management, most farmers have some special 
physical problems that they are unlikely to experience once the system is established. A biolog-
ical change towards a different equilibrium in soil biota is one conversion aspect that may take 
time. Soil microorganisms essential for organic management need to become established. For 
example, Australian organic grain farmers reported that as they did not burn straw under the 
organic system, they experienced problems during transition with planting and germination 
of seed due to the straw blocking up the machinery, necessitating adaptation of their planting 
machinery. However, after those first few years the straw did break down considerably faster, 
presumably as a result of build-up of fungi over time. The absence of specific biological activity 
may also be part of the cause of yield reductions reported by some farmers in early years 
compared with yield levels further into the conversion period.

A change in farm layout is often advisable when changing management systems, and would 
require resources. For example, changes in rotations and livestock use within the rotation may 
require extra capital expenditure for fencing and livestock purchase. However, on farms where 
livestock require concentrates that are sourced off-farm, the change may mean some form of 
decrease in stocking rate.

Extra farm storage to cope with a change in marketing strategy can be another reason why 
more investments are needed. Buyers of farm produce may not have separate storage space for 
organic products, although this problem may decrease over time.

At the same time as the issues of change need attention and action, farmers can usually not 
count on premiums for the products. In the first phase of organic management, a farmer can 
be certified only as being in conversion. This means that during this time, premiums are less 
certain than at a later stage when the farm is certified as fully organic. The length of this 
period differs between countries, but is typically between one and three years.

Whatever problems arise, the farmer needs to plan well ahead, and analyse possible scenar-
ios under conversion that encompass changes, including the use of existing resources, the need 
for investments, possible changes in yields and total productivity, availability of labour and 
machinery, accessibility to markets and likely output prices and cash flow.

Risk and uncertainty
Changing from conventional to organic agriculture means taking risks and facing different 
uncertainties. The risk during conversion is made up of the factors just discussed (see Conver-
sion challenges), changes to the soil biota resulting from farming system changes, a steep 
learning curve for farmers regarding general organic farm management with particular 
emphasis on the characteristics of each particular farm, and a possible need for more invest-
ments in machinery, fencing, livestock and storage while outputs and marketing may be in 
flux. These risks can be expected to decrease over time as the physical processes settle down 
and the farmer learns more about the management system requirements.

However, differences in production variability may be a more permanent feature of the two 
management systems. Yields on organic farms that are closer to the average in extreme years 
are mentioned in the early literature (e.g. Klepper et al. 1977), but not always found (Padel and 
Lampkin 1994, p. 216). One study that did find a correlation between organic management 
and decreased variability of wheat yields was carried out in Australia (Wynen 1994), where 
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extremes in weather conditions are not uncommon. Almost a decade later, Lotter et al. (2003) 
concluded that in plots with two organic systems at the Rodale Institute in the USA, yields 
were higher in four of the five drought years, while the fifth year gave mixed results. The 
authors attribute the difference in yields under extreme conditions between the systems to the 
higher water-holding capacity of the soils in the organic plots.

Variability in output prices for organic products depends on local arrangements, with pos-
sibilities ranging from fixed prices for a particular period, to a fixed percentage or amount on 
top of conventional prices, to a totally deregulated market. Variability in income resulting 
from changes in farm output prices is determined more by outside factors than by organic 
management per se.

Large-scale conversions
What happens when many farmers move towards organic agriculture? This question usually 
centres around the assumption of collapsing premiums, leading to lower farm incomes. Several 
studies on large-scale conversion in Germany, the German state of Baden-Wuertenberg, 
England and Wales are detailed in Lampkin and Padel (1994). Other studies are also discussed 
or summarised in that work. Later, Wynen (1997) conducted a study on a large-scale conver-
sion in the cereal–livestock industries in Australia, its largest agricultural industry, and on the 
whole of the Danish agricultural sector (1998).

These studies must make assumptions about changes in, for example, future input and 
output prices, yields, subsidy and premium levels, the way consumers and producers will react 
to changes in prices (price elasticities of demand and supply), population increase or decrease 
and level of adoption. The possible outcomes are too numerous to summarise here, so only a 
few results are presented as examples.

Farm incomes are the variable considered most often in this respect, but they are not the 
only variable affected by a large-scale change to organic farming. As organic management 
requires a change in rotation for soil fertility and pest management reasons, a change of man-
agement system by many farmers would make a substantial change to the land use of a whole 
country. Hence, there will be a change in the relative importance of total output of different 
products and in output prices at the national level, and effects on farm incomes at state and 
individual levels. Other factors not discussed here that are sometimes analysed include food 
security, employment and income in related industries, environmental and social benefits and 
public expenditure (Midmore and Lampkin 1994).

The direction and magnitude of the changes in production and returns will differ between 
countries. In the UK, for example, Lampkin (1994) estimated that with a 10% increase in 
organic agriculture, there would be a decrease in wheat, barley, potatoes, sugar beet, oilseed 
and livestock and an increase in oats and field beans. In Australia, on large-scale cereal–live-
stock farms, large-scale conversion would lead to decreased total production of all cereals 
(wheat, oats, barley, canola), and an increase in sheep (Wynen 1997).

The same Australian study estimated total farm incomes under the assumption of an adoption 
rate of 30%. Under the worst-case scenario, where premiums for crops were assumed to decrease 
from 15% to 0% with no premiums for livestock products at all stages (extreme assumptions) 
total returns to the sector would drop by 7% when 30% of farmers had converted. In the best-
case scenario, with premiums decreasing from 15% to 7.5% (probably more realistic), total 
returns to the cereal–livestock sector would have a 3% decrease at the 30% adoption rate.

Many studies have been based on the assumption that a very large proportion of the farming 
sector becomes organic – often 100%. However, this is rather unlikely, and would certainly not 
happen under conditions that are easily imaginable. More likely is that when, say, 10% or 20% 
of farmers have converted, political pressure may result in, for example, more research relevant 
to organic farming, information systems more readily accessible to organic farmers, decreased 
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consumer prices as a result of decreased marketing costs (economies of scale) with a resulting 
increase in demand for organic food, and confidence of conventional farmers to convert. The 
detailed study on the Danish agricultural sector assumed initially that 80% of farmers con-
verted to organic agriculture, and also analysed what happened at lower levels of conversion 
(Wynen 1998). The results showed that with prevalent input and output prices, and assump-
tions of reducing premiums with an increasing number of farmers across all industries, the 
total receipts to the farming community would start to fall only after about 25% of farmers 
had moved to organic farming. If that situation were reached, the political and social climate 
within the agricultural sector would have changed substantially, warranting new estimations 
with assumptions closer to reality than those available now.

In summary, studies have been undertaken to examine the consequences of large-scale 
changes towards organic management among farmers. Total production is usually the main 
factor considered, although total returns to farming and to farmers were also analysed. Studies 
mentioned here indicate that conversion to organic management, especially when the conver-
sion rate is not taken to extremes, would generate few changes that cause adjustment problems 
to the agricultural sector.

SWOT analysis
The market for organic produce has developed considerably. In 2000, the global retail market 
was estimated to be around US$16 billion, with an estimated annual growth in demand of 
about 15% to 20% in several markets. Estimates for 2001 were closer to US$20 billion, and 
forecasts for 2003 for the world organic food and beverages market were between US$23 billion 
and US$25 billion (ITC 2005). Organic food and non-food sales grew by about 20% during 
2003, and reached US$10.8 billion in one of the main markets, the USA (Organic Trade Asso-
ciation 2004). The ITC estimate for the organic retail market reached US$30–32 billion in 
2005 (Kortbech-Olesen 2006). A general upward trend can be detected, which shows that both 
the demand and supply of organic products are growing.

Strengths and opportunities
Significant body of knowledge and expertise
Organic farming has become more popular since the 1980s (Foster and Lampkin 1999, Tuson 
and Lampkin 2006). This growth has been stimulated by, and has stimulated, an increase in 
know-how and managerial skills on farms. Although globally there may not yet be many 
people who have a profound knowledge of organic agriculture, experience in many kinds of 
applicable disciplines such as farm management (farmers), soil science, plant pathology, ento-
mology, veterinary science, plant and animal husbandry, marketing, economics and political 
and social science is now available.

Standards and certification in many countries

For farmers to be able to sell their products, consumers require sufficient confidence in the 
organic production and marketing processes to be willing to buy. Over the last 20 years, con-
siderable effort has been expended by both public (state authorities) and private (e.g. farmers’ 
associations) organisations into developing a well-functioning certification scheme. As a 
result, many countries have credible organic standards and certification procedures.

Availability of markets

The demand for organic products has increased especially during crises in conventional agri-
culture. Examples include ‘mad cow disease’ since the late 1980s, the presence of dioxin in feed 
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in Belgium in 1999, and foot and mouth disease in the UK in the early 2000s. The increase in 
demand in many places, especially Japan and China, should provide future opportunities for 
organic production.

Weaknesses and threats
Standards and certification
Keeping to standards
Just as organic agriculture benefits from food scandals in the conventional market, it also 
suffers when a scandal occurs in the organic market, for example with producers, certification 
offices and through accidental problems.

With organic produce commanding premium prices, unscrupulous conventional farmers 
may be tempted to sell their produce on the organic market. This is a potential problem espe-
cially in markets where the word ‘organic’ is not legally defined. In Australia, for example, the 
potential for two problems arises because standards cover requirements for the export market, 
but the term ‘organic’ has not been defined for the domestic market. The first is the possibility 
of fraud in the domestic market, where there is little possibility of recourse; and other problems 
could occur in the import market where, due to World Trade Organization rules relating to 
national treatment, the Australian government cannot prohibit imports and sales of non-cer-
tified products labelled as organic. Second, certification organisations may be tempted to cut 
corners. In a market where all produce needs to be certified and certification organisations vie 
for business, such behaviour is conceivable in a bid to provide the cheapest certification service. 
Third, accidents can also be problematic. In mid-2002, poultry feed on more than 100 German 
organic chicken farms was contaminated with the pesticide nitrofen. The feed had been stored 
in a warehouse previously used for pesticide storage (Deutsche Welle 2002 ).

International trade

Standards and certification for organic agriculture have developed over time. Originally, many 
countries, or organisations within countries, developed standards and systems suitable for 
their local circumstances. These were not necessarily based on scientific principles, or princi-
ples that were accepted in the scientific community. Although such problems are slowly being 
addressed, many remain. 

The differences between standards and compliance systems among countries can make 
international trade problematic for exporters because exporting countries need to comply with 
the requirements of the importing countries. As the main importing countries have different 
standards and certification requirements (see e.g. Schmid 2003, Commins and Kung Wai 
2003), complying with the requirements of the importer can become costly. This issue is one 
that the International Task Force set up by the United Nation’s Conference for Trade and 
Development (UNCTAD), the FAO and the International Federation of Organic Agriculture 
Movements (IFOAM) has been trying to solve since 2002. The problems can be daunting for 
farmers in many countries, especially developing countries that do not have their own certifi-
cation schemes (Wynen 2005).

The problem of different organic standards and certification for imports is compounded in 
some countries by private certification schemes that convince local supermarkets to accept only 
products certified by the particular private certification scheme. A similar effect is achieved by 
local certifiers promoting produce from local producers, such as the UK Soil Association, which 
mentions in the Organic Action Plan a target of 70% of organic primary products to be sourced 
from the UK (Defra 2005). Thus, not surprisingly, the contention of some exporting countries 
is that organic import requirements aim to keep competition out and benefit local producers 
rather than to provide consumers with a guarantee that the product was organically grown, 
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which was the main aim. The issue of regional standard appropriateness is not controversial. 
The problem is, however, to find efficient ways to facilitate international trade in the presence of 
regional standards and certification procedures.

The issue of acceptable differences in standards is also an area that needs more attention, as 
many standards are not based on scientific considerations. One example is the conversion 
period, which determines the time farmers have to wait before they are eligible to be called 
organic. This provides easier access to premium prices. At the international level, the conver-
sion period is set in different ways. For example, IFOAM has a conversion period of 12 months 
for plant production, while the EU and the Codex Alimentarius Commission (part of the FAO 
and World Health Organization’s food and veterinary standards activities) require a minimum 
of between two and three years, although the conversion period can be reduced to one year if 
certain requirements are met (Schmid 2003). Importing countries that set the conversion 
period at a certain level do not take into account the possibly legitimate claim by some export-
ers that a decrease in conversion for their local circumstances may be appropriate. For example, 
if the conversion period is meant to provide time for the breaking down of substances that 
have no place in organic agriculture or for positive agents to build up, this process will be 
influenced by local conditions, such as climate. Variable conversion periods in countries with 
different climates would be appropriate.

Consumer prices

Apart from the importance of consumer confidence in the product, which is encouraged 
through a trustworthy and known certification scheme, a stable supply (e.g. through the 
involvement of supermarkets) and relatively low prices are important for organic agriculture 
to expand (Michelsen et al. 1999).

In general, produce sold as organic commands higher prices than conventionally grown 
produce of equal quality. Many surveys have shown that consumers are willing to pay more for 
these products, though the demand is highly price sensitive (see Weir et al. 2003, and refer-
ences therein). Demand rapidly shifts towards conventional products with increasing prices 
for organic products.

Though output premiums for farmers are often blamed for high consumer prices, for many 
products the farm price is only a small part of the final consumer price. Other components 
such as transport, wastage, processing, handling and sales also influence the retail price. One 
would expect that for many products with low sales volumes, costs would be relatively high per 
unit; however, the lack of institutional facilities for organic products is also likely to affect 
costs. This has been recognised by for example the Dutch and Danish governments who devote 
a relatively large part of their organic agriculture support in encouraging and promoting the 
increased efficiency of the supply chain for organic products.

Governmental regulations

Differences in government support between countries can lead to an unfair advantage for pro-
ducers in countries with regulation compared with those where no regulations exist. For 
example, subsidies for organic farming in one country, be it in the form of direct payments for 
farmers, research subsidies, or the development of a national certification scheme, can affect 
the price and the quantity of production in that country. This means that producers in other 
countries will need to produce more efficiently in order to be able to export to those countries. 
In other words, an advantage for farmers in some countries means a disadvantage for some 
farmers in other countries. Some governments, especially those of EU countries, support 
organic agriculture (see EUROPA 2005 for the European Action Plan).

Subsidies have an additional benefit to increasing farmers’ income – farmers are able to sell 
their produce more cheaply, thereby reducing consumer prices and therefore demand. However, 
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the potential for price reduction is likely to be tempered by increased input costs, especially 
those of land.

Conclusions
In this chapter, the economics of organic agriculture for farmers is considered, which includes 
issues surrounding yields, inputs, outputs and returns to farming. Off-farm effects are not 
considered here. In general, the financial results can be positive for organic farmers, but are 
not necessarily so. Details about the local situation are important for the results, such as the 
history of the farm, the particular enterprise, prevailing input and output prices, and domestic 
and international policies. The question also arises how easy it is to get to the state of organic 
management without failing financially in the first (transitional) stage. Important factors for 
success include planning for conversion related to the use of existing resources, the need of 
investments, changes in yields and total production, input availability and prices, marketing 
opportunities and cash flow. As whole-country transition to organic farming would influence 
such measures as input availability and prices and output prices, studies have been undertaken 
to model the effects of such changes. No disasters are obvious, though studies heavily depend 
on assumptions.

For the future, one of the strengths of the industry can be found in an increasing body of 
knowledge, not only on organic practices, but also on the effect of policies. Other strengths 
include the established standards and certification systems, and the existing market. Weak-
nesses or threats seem more numerous. The first is related to standards, including fraud, both 
by producers and certification agencies, and the possibility of accidents. The second is in the 
area of international trade, where the proliferation of standards and compliance schemes can 
make trade difficult for exporting countries. The desire of some countries to restrict interna-
tional trade, and the absence of a scientific approach in some of the criteria are two more issues 
in the arena of international trade. Other threats concern consumer prices and governmental 
regulations. High consumer prices are a deterrent to growth in demand of organic products, 
and government regulations in one country cause a non-level playing field for producers in 
other countries. 
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Introduction
By 2002, the international market in organic foods and beverages was estimated to be worth 
US$23 billion (Sahota 2004). This brought the market share of certified organic food in the 
developed countries where it is predominantly consumed to somewhere between 1% and 2% 
of total food sales (Sligh and Christman 2003). According to critics, this small percentage 
proves organics to be little more than an overhyped Western food fad (see Lockie 2006). Yet 
with ongoing sales growth in developed countries of between 8% and 20%, organic foods have 
attracted the interest of a growing number of farmers, food processing firms, retailers and gov-
ernments (Burch et al. 2001). Along with fair trade goods, organics has become one of the 
fastest growing sectors of a global food market characterised more generally by oversupply and 
falling terms of trade (McCoy and Parlevliet 2000, Raynolds 2000, Sligh and Christman 2003). 
Indeed, it has been estimated that the international market in organic foods could reach 
US$100 billion as early as 2006 (McCoy and Parlevliet 2000) with the organic sector in the 
United States of America (USA) alone worth over US$30 billion by 2007 (Haumann 2004). 
From an insignificant niche market as recently as the mid-1990s (Sahota 2004), organics has 
leapt into the mainstream.

This is not to say that this growth will continue indefinitely. The expansion of larger 
European markets appears to be slowing as they approach what some commentators refer to as 
‘maturity’ (Sahota 2004). And as expansion slows, price premiums come under pressure, as 
reflected in a dramatic fall in the farm gate prices paid to organic dairy farmers in the United 
Kingdom (UK) in 2001 as a result of apparent oversupply (Franks 2003). In other markets, the 
issue appears to be less one of demand slowing than of producers failing to supply produce of 
sufficient consistency in quantity and quality to secure a sound distribution and retail base 
(Hassall and Associates 1990, Conacher and Conacher 1991, Hudson 1996, Dumaresq and 
Greene 1997, Baecke et al. 2002). This limits opportunities to sell certified organic produce as 
much as it reduces opportunities to purchase it! In fact, despite conditions of apparent under-
supply, around 35% of certified organic produce grown in Australia is sold as conventional 
(Halpin 2004a) while 40% of organic beef and 25% of organic milk in Belgium is sold as con-
ventional (Baecke et al. 2002). Compounding these demand and supply-side constraints on the 
continued expansion of the organic market is the simple issue that the organic industry knows 
little about who purchases its products or why they purchase them (Hassall and Associates 
1990, Conacher and Conacher 1991, Hutchins and Greenhalgh 1995, Hudson 1996, Dumaresq 
and Greene 1997).
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Common lore tells us that organic market growth has been rooted in an unlikely mix of 
fear and fashion. Many consumers, it is believed, have been attracted to organics by their dread 
of the imperceptible threats of industrial food production. The ‘mad cow’ crisis and other food 
scares have so tested consumer confidence in conventional food systems, and the institutions 
that regulate them, that assurances regarding the safety of genetically modified organisms, 
food irradiation and agricultural chemicals have fallen on deaf ears. Others, purportedly, have 
been attracted by the positioning of organics as a premium quality niche product. Substan-
tially higher retail prices for organic foods have promoted a perception that they are consumed 
primarily by those wealthy enough to pay virtually any price to purchase what they believe to 
be tasty, safe or nutritious foods. There is certainly a grain of truth in these beliefs. However, 
research does show organic consumption to be somewhat more complicated.

In this chapter we examine the organic marketplace in terms of the changing dynamics of 
supply and demand; what is known about those who consume organic foods; what strategies 
have been set in place to recruit more people as organic food consumers; and constraints and 
opportunities for further expansion of the market for organic foods. In doing so, we will 
address, at least in part, one of the principal concerns that has arisen within the organic sector 
as a consequence of its growth; that is, the concern that expansion has come at the cost of the 
core values and practices on which organic agriculture was founded (see Chapters 9, 14 and 
Special topic 3).

The demand for organic foods
There is a widespread perception that rapid growth in the organic market since the mid-1990s 
has been based more on an escalation of consumer demand than on an expansion of supply 
(Lyons 2001). This ‘demand–pull’ perspective on market growth is lent credence by the claims 
of several distributors, processors and retailers that they have experienced considerable diffi-
culty sourcing enough certified produce to satisfy buyers, leading some to sponsor the conver-
sion of conventional farmers to organic production (Lyons 2001, Halpin and Parkinson 2004). 
Yet, as we have seen, there already are signs that recent rates of market expansion are slowing. 
The question is, at what point do we consider the market for organic produce to have ‘matured’; 
that is, to have reached an equilibrium of sorts between supply and demand that is likely to 
remain relatively steady for the short to medium term? Or, to put it more bluntly, how big will 
the organic market get?

Demand, however, is a difficult concept to quantify. There are few people who, when asked, 
will state categorically that they would not purchase organic foods under any circumstances. 
Surveys suggest that were organic foods to be made as widely available as conventional foods, 
almost all Western consumers would buy them at least some of the time (Lockie et al. 2002). 
And the lower any retail price premium is over outwardly similar conventional foods, not sur-
prisingly, the more people express an interest in purchasing organic produce (Lockie and 
Donaghy 2004). The level of demand, therefore, for organic foods derives not only from the 
values, beliefs and socioeconomic status of food consumers, but on the relationship between 
these attributes and supply side issues such as quality, distribution and retail pricing. Levels of 
demand, even within markets that appeared to have reached maturity, may shift very rapidly 
in response to major changes in supply. Given these factors, demand is examined in this 
section, from the perspective of existing supply side dynamics, retail price premiums and con-
sumers’ stated willingness to pay for certified organic foods.

Generating an accurate picture of the international organic sector accurately is hampered 
by limited data availability and uniformity. Nevertheless, the most recent International Feder-
ation of Organic Agriculture Movements report suggests that of the US$23 billion global retail 
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market for organic food and drink in 2002, North America accounted for US$11.75 billion, 
Europe US$10.5 billion, Japan US$350 million, Oceania US$200 million, Latin America 
US$100 million and the rest of Asia and the whole of Africa less than US$200 million (Sahota 
2004). These figures reflected growth, in 2002, of about 12% in North America, 8% in Europe, 
and 15% to 20% in Australia (Sahota 2004). Following several years of growth of between 20% 
and 40%, the UK most exemplified the slowing of market expansion in those European coun-
tries with comparatively large organic markets (Sahota 2004). Importantly, if this thumbnail 
sketch of the international organic marketplace is compared with broad international patterns 
of organic production, there are some notable points of divergence. Of the roughly 24 million 
hectares managed worldwide for certified organic production in 2002, over 10 million were 
located in Australia, 5.8 million in Latin America, 5.5 million in Europe, 1.5 million in North 
America, 880,000 in Asia, and 320,000 in Africa (Yussefi 2004). Despite the spatial dominance 
in Australia and Latin America of semi-arid rangelands used for extensive cattle grazing 
(Yussefi 2004), it is strikingly apparent that the poor countries of Africa, Asia and South 
America are producing significant quantities of organic foods almost exclusively for sale in 
Europe and North America (Sligh and Christman 2003, Parrott and Kalibwani 2004, Willer 
and Yussefi 2004). The same is true within Europe, where Italy and Spain act mostly as export-
ers to Germany and the UK (Smith and Marsden 2003), which import around 50% and 65%, 
respectively, of their organic food needs (Sligh and Christman 2003, see also McCoy and 
 Parlevliet 2000).

Average national retail price premiums for certified organic food have been reported at 20% 
to 30% in Austria, 10% to 15% in Germany, 10% to 100% in both the USA and UK, and 80% in 
Australia (Sligh and Christman 2003, Halpin and Brueckner 2004). Considerable variability 
also may be found both between commodities and within countries, with those products that 
are supplied in bulk, and widely distributed to consumers, tending to receive the smallest price 
premiums. This is the case for organic milk in both the EU, where retail premiums on milk are 
small to non-existent (Sligh and Christman 2003), and Australia, where they are about 35% 
(Halpin and Brueckner 2004). In Denmark, where consumers display the second highest rate of 
expenditure on organic foods in Europe after Switzerland (Willer and Richter 2004), retail price 
premiums are reported to be negligible. The general pattern, however, is of retail premiums 
remaining considerably higher than the 15% to 20% that most surveys suggest is acceptable to 
most Western consumers (Lampkin 1990, Burfield 1998, Pearson 2001, Lockie et al. 2002, QDPI 
2003, Dabbert et al. 2004). Even if we adopt the suggestion of Dabbert et al. (2004) that a retail 
premium of 25% to 30% is acceptable to enough European consumers that retailers may realis-
tically charge this much while still broadening their organic customer base, existing retail 
premiums would seem a significant limitation on the ultimate size of the organic market.

Before concluding, however, that retail price premiums alone will ensure that organics never 
grows beyond its status as a lucrative niche market, additional points need to be considered.

First, it is impossible to predict the impact that future events and technological develop-
ments will have on consumer trust, or distrust, in conventional food production and regula-
tory systems. Another ‘mad cow’ crisis may well see perceptions regarding the acceptability of 
different price premiums revised upwards. Conversely, serious organic food scares may chal-
lenge perceptions that organic foods offer a safe alternative.

Second, research in Australia by Donaghy et al. (2003) suggests it is not the percentage 
increase in the price of individual organic foods that is important to most consumers but the 
absolute price increase. In other words, most consumers may be willing to pay a higher premium, 
in percentage terms, for less expensive goods on the assumption that this will make little differ-
ence to their overall grocery bill. Similarly, Krystallis and Chryssohoidis (2005) found, in their 
survey of Greek consumers, that willingness to pay varied across product categories and was 
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higher in relation to those foods that were purchased more frequently, that were seen to be of 
higher quality and safety, and that were underwritten by trustworthy certification schemes. 
Taken together, these suggest that the best way to maximise organic market share will be to 
reduce retail premiums on more expensive value-added items while improving the quality and 
supply of less expensive, but more frequently purchased, items for which higher premiums can 
be maintained. However, organic foods often are represented, positioned and priced as premium 
gourmet brands, a strategy that may limit overall levels of demand.

Third, changes in the retail structure of the organic industry are leading to major changes 
in the availability and cost of organic foods. While health food and specialist organic stores 
pioneered organic retailing, mainstream supermarkets now dominate the sector. This shift has 
contributed to lower retail price premiums and higher growth rates in the total market share of 
organic foods (Hamm et al. 2002). But it appears also, in places, to have contributed to 
downward pressure on the prices received by farmers (Smith and Marsden 2003). This is likely 
to create, as Smith and Marsden (2003) point out, pressure to increase efficiency and econo-
mies of scale within the production sector in ways that may be inconsistent with organic values 
and principles. Supermarket dominance is also likely to promote increased reliance on imports 
of organic food from lower cost production centres in Africa and South America (although 
producers in developing countries face substantial regulatory hurdles in exporting to lucrative 
Western markets, see Chapter 9).

Fourth, in light of evidence that retail price premiums in general are substantially higher 
than those premiums received by farmers (Hassall and Associates 1996, Smith and Marsden 
2003), it seems less than surprising that alternative marketing strategies based on direct farmer 
to consumer sales are developing alongside supermarket interest in organics. These promise to 
lower the gap between farm gate and retail premiums and suggest a range of possibilities for 
the resolution of supply problems and expansion of demand. See Marketing organic foods for 
discussion of the importance of retail strategy to the marketing of organic foods.

In sum, while there are plenty of signs that demand for organic foods will not support 
indefinite growth given existing retail price premiums, there also is evidence that innovations 
in distribution and retailing, coupled with lower retail price premiums, may provide the basis 
for continued expansion well beyond existing levels of organic food consumption.

Why people do or do not consume organic foods
International research suggests that those attributes of organic products most likely to influ-
ence consumers are, from most to least important:

1 health (i.e. minimal artificial chemical residues in the product and high nutritional value);
2 environment (i.e. environmentally friendly production and processing);
3 taste;
4 animal welfare;
5 minimal processing;
6 novelty; and
7 fashion.

Conversely, those attributes most likely to limit consumption of organics are also identified 
(Beharrell and MacFie 1991, Davies et al. 1997, Latacz-Lohmann and Foster 1997, Klonsky and 
Tourte 1998, Magnusson et al. 2001, Makatouni 2001, Pearson 2001, 2002, Lockie et al. 2002) 
from most to least important:

1 high price;
2 limited availability;
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3 scepticism about the credibility of product claims;
4 poor appearance;
5 non-awareness of organic; and
6 contentment with existing products.

According to Sahota (2004), the typical organic consumer is urban, well-educated, from a 
middle to high income household, and discerning in their food choices. Market researchers in 
the USA (Hartman and Wright 1999) posit a more differentiated mix of organic consumers 
that includes: a small group of passionate environmentalists; an older, wealthier group con-
cerned mostly about their own health; a young group who profess environmental concern but 
who tend to act on that concern only when convenient; and a growing mainstream who care 
about the environment and are willing to engage in ‘green consumption’ as products become 
more accessible. Italian researchers Chinnici et al. (2002), however, differentiate organic con-
sumers into the health conscious (the largest group), the curious (and open to more sales), the 
pragmatic (who are very concerned about higher prices) and the nostalgic (who associate 
organics with the tastes and authenticity of the past). Each of these claims seem to make sense 
in light of the high retail premiums paid for organic foods. But it is important not to dismiss 
organic consumption as the domain only of the rich and passionate. According to Hartman 
and Wright (1999), most people who have no immediate interest in green consumption are 
those who struggle for economic survival, an underclass of the unemployed, underemployed 
and underpaid. If this group of very poor are taken out of consideration for a moment, some 
75% of consumers in the USA emerge as genuinely interested in purchasing organic foods.

The belief that food should be safe, nutritious, tasty and environmentally responsible is not 
radical or marginal, so it should come as no surprise that many food consumers in Western 
countries profess to consume at least some organic food, 40% in Australia (Lockie et al. 2002). 
Consequently, several studies from around the world have found that beyond the exclusion of 
the very poor there are few meaningful demographic differences in Western countries between 
those people who consume organic foods and those who do not (Davies et al. 1997, Cunning-
ham 2001, Lockie et al. 2002). The most important dimension of demographic difference is 
not education or income, as suggested by Sahota (2004), but gender, with significantly more 
women than men claiming to purchase organic foods (Davies et al. 1997, Cunningham 2001, 
Lockie et al. 2002). According to Cunningham (2001), this may stem from the higher levels of 
responsibility taken by women for feeding children and other family members although, as 
noted by Lockie et al. (2004), such responsibility can also place pressure on women to priori-
tise convenience and price.

Although many Western consumers claim to consume organic foods, and many more 
profess the values that underpin organic agriculture, overall levels of organic food consump-
tion remain only 1% to 2% of total food sales. This raises questions as to just how many people 
purchase a substantial proportion of their food as organic and what it is that differentiates 
these committed organic consumers from more occasional organic consumers? For Australia, 
Lockie et al. (2004) estimated that committed organic consumers, those who claimed to 
consume half or more of their diet as organic, accounted for about half of all certified organic 
food sales. This group were more motivated than were occasional organic consumers to source 
foods they believed were natural (i.e. free from artificial additives, unnecessary processing, 
genetic engineering, irradiation, pesticides, preservatives, animal growth hormones, antibiot-
ics), environmentally friendly, supportive of animal welfare, and likely to make them feel good 
emotionally. These groups did not express fundamentally different food values. Even those 
who did not consume any organic foods claimed to be motivated in their food choices by 
health, environmental and animal welfare concerns. The difference among the groups was 
how strongly these motivations were expressed relative to price and convenience.
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Lockie et al. (2004) also examined how the motivations behind food choice interacted to 
influence increasing levels of organic food consumption. They found the major direct influence 
on increasing rates of organic food consumption to be consumers’ commitment to the con-
sumption of foods they perceived to be natural. Women, and those responsible for household 
food provisioning, were far more likely than others to be motivated by this concern. This was 
followed by willingness to pay a premium for environmental values. The next most important 
factor directly influencing rates of organic consumption was the level of motivation towards the 
consumption of food that made the respondent feel good, physically and emotionally. Organic 
food was not only believed to taste and smell better, but also to evoke feelings of safety and tra-
dition. Again, responsibility for household food provisioning and gender were the major deter-
minants of consumers’ level of motivation towards sensory and emotional appeal.

Marketing organic foods
One of the things that is truly remarkable about organic foods, given their status as one of the 
fastest growing sectors of the food industry, is how little their marketing depends either on 
consumer research or on aggressive advertising and discounting (Hill and Lynchehaun 2002). 
At face value, the ‘demand–pull’ perspective on organic sector growth would suggest that 
organic growers have been in the enviable position of being able to concentrate their energies 
on expanding their farming operations while receiving premium prices for their produce. 
Despite a paucity of organic food advertising in the mainstream media, that media portrays 
organics as the almost sole alternative to environmental and food safety risks associated with 
industrial agriculture (see Lockie 2006). Analysis of newspaper references to organic food and 
agriculture in the UK, USA and Australia suggests that the term ‘organic’ has come to signify 
a loosely defined bundle of desirable attributes related to quality, safety, ecology, tradition and 
provenance. In a world where regulatory agencies, and the complicated systems of quality 
assurance they administer, seem incapable of guaranteeing the safety of conventional foods, 
the organic label offers a simple, recognisable and, for some, comforting alternative (Lockie 
2006). Unfortunately, for organic growers, organic produce does not necessarily ‘walk off 
supermarket shelves’. That a significant proportion of certified organic produce is still sold on 
conventional markets demonstrates there is no guarantee that the use of organic methods will 
result in the sale of a clearly differentiated organic product. As a consequence, marketing 
efforts within the organic production sector have concentrated on the development of supply 
chains (i.e. on the development of distribution and retailing arrangements) (Latacz-Lohmann 
and Foster 1997, Baecke et al. 2002) and on the development of an appropriate regulatory 
regime to police usage of the term ‘organic’ (Guthman 2004).

The single most important strategy in the marketing of organic foods has been the estab-
lishment of regulatory systems to oversee the development of standards and inspection systems 
for organic production, processing and labelling (see Chapter 9). In terms of market expan-
sion, independent third party certification of compliance with organic process standards 
achieves several things. Most obviously, certification provides some measure of guarantee for 
the buyer that they are getting what they pay for. As progress continues towards the harmoni-
sation of standards on both national and international levels, buyers may extend their confi-
dence to produce sourced from almost anywhere in the world. Further, even though no set of 
standards can be expected to codify adequately all the principles of organic agriculture, or all 
the conditions under which it might be practiced, compliance with these standards implies, 
nevertheless, an integrity that encourages consumers to associate several desirable attributes 
with certified organic foods even though, strictly speaking, those attributes fall outside the 
scope of what is guaranteed. Such attributes include taste, healthfulness, and so on. From the 
growers’ perspective, independent certification enables those who have undertaken it to make 
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claims that, in many circumstances, have clear value in the marketplace. The flipside to this is 
that the regulatory regimes underpinning certification preclude those who have not been cer-
tified from labelling their produce as organic.

Guthman (2004) argues that organic certification creates conditions of scarcity, by limiting 
the amount of food labelled as organic in the marketplace, and thus provides the basis for farm 
gate and retail price premiums. While notions of scarcity and price premiums intuitively 
would suggest that certification may limit market expansion, the effects may be both positive 
and negative. The cost and complexity of certification certainly does discriminate against 
smaller growers, particularly those in the developing world (see Chapter 9). However, scarcity 
and price premiums have acted to encourage those farmers and others who could afford the 
cost of certification into the organic sector and have thus helped to boost organic food supply 
and availability. This has been clearly demonstrated in the USA, where the implementation of 
a uniform national standard in 2002 is credited with boosting consumer awareness and confi-
dence in organic produce and with clearing the way for its entry into mainstream supermar-
kets (Sahota 2004).

There are now few developed countries where mainstream supermarkets and other large 
retail chains do not appear set to dominate sales of organic foods. Among the world’s three 
largest national organic markets, for example, supermarkets claimed 49% of organic retail 
sales in 2001–02 in the USA, 40% in Germany and 80% in the UK (Sligh and Christman 
2003). Four years previously, the supermarket share of organic retail sales in Germany had 
been a mere 26% (Richter et al. 2001). In the USA, 31% of the organic retail market in 2001–02 
was held by just three natural food retail chains (i.e. Whole Foods Market, Trader Joe’s and 
Wild Oats Markets) that operated across multiple locations using store layouts and scales 
similar to those of conventional supermarkets (Sligh and Christman 2003). Reflecting the 
assumption, whether accurate or not, that organic consumers are urban, educated and com-
paratively wealthy, European supermarket chains have been shown to concentrate the availa-
bility of organic foods in larger, higher quality urban stores (La Via and Nucifora 2002).

The increasing involvement of very large businesses, such as supermarket chains, in the 
organic sector has attracted concern and criticism. The argument is that in relatively small-
scale and localised food networks, enough opportunities are afforded to consumers for direct 
interaction with growers to ensure their confidence in the integrity of the foods they purchase. 
By replacing direct interaction, and the trust it encourages, with codified sets of standards, the 
way is cleared for organic foods to be shipped around the world at enormous cost in fossil fuels 
and at the expense of values that are not easily codified such as agricultural biodiversity and 
community building (see Guthman 2004). The ‘conventionalisation thesis’, as this has become 
known, assumes that the entry of larger businesses into the organic sector first displaces the 
smaller businesses that pioneered the sector and second, that these businesses do not share the 
values, nor implement organic standards with same authenticity, as organic pioneers.

There can be little doubt, however, that the increased visibility and availability of organic 
foods facilitated by mainstream supermarkets has been a major factor in expansion of the 
organic market (Richter et al. 2001). The reduced distribution costs and economies of scale 
enabled by the involvement of larger retailers have contributed to lower retail price premiums, 
and hence increased consumer demand, in those European countries where supermarkets 
dominate organic sales (Hamm et al. 2002). Further, because the total volume of organic food 
sales has increased alongside mainstream supermarket involvement in the industry, the 
increased market share captured by supermarkets has not come directly at the cost of absolute 
sales among their competitors (Richter et al. 2001). Indeed, where small retailers, such as 
health food stores, have experienced declining organic food sales they have done so less because 
of mainstream supermarket competition than because of competition from specialist organic 
and natural food chains (Richter et al. 2001).
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The other area of growth in organic food retailing (in absolute if not relative terms) has 
been direct farmer to consumer sales. Farmers’ markets, box schemes (i.e. local, not-for-profit 
groups buying and distributing organic food cooperatively), farm gate sales, community sup-
ported agriculture and other forms of direct selling accounted in 2002 for 20% of organic 
retail sales in Germany, 16% in Australia, and 10% in Austria and Denmark (Lockie et al. 
2002, Sligh and Christman 2003). Similarly, direct sales accounted for 10% of all organic 
food sales in the UK in 2002–03 (Soil Association 2003). Even in the USA, where only 3% of 
organic retail sales were direct in 2001–02 (Sligh and Christman 2003), thousands of farms 
are now involved in community supported agriculture programs that encourage tens of thou-
sands of consumers to subscribe for a weekly share of the season’s harvest, whatever it may 
bring (Pretty 2002). In contrast with the downward pressure that mainstream retailer involve-
ment in organics is likely to place, in the longer term, on farm gate premiums (Smith and 
Marsden 2003), direct sales offer practical ways for farmers to capture a greater share of the 
consumer dollar. The emphasis placed by direct sales strategies on personal interaction, 
localisation and seasonality makes them particularly well suited to smaller growers who 
struggle to offer the quantities and continuity of supply required by supermarkets. At the 
same time, the emphasis placed by direct sales on personal interaction, localisation and sea-
sonality promotes a sense of integrity and credibility in the organic sector. Altogether, this 
suggests that the relationship between large retailer involvement in organics and direct farmer 
to consumer sales is not always an antagonistic one. It is true that many of the people whom 
engage in direct sales, either as buyers or sellers, probably do so out of a belief that buying 
organic food at a chain store is somehow counter to the principles of organics. But it is also 
true: first, that many people who prefer to buy direct when possible still appreciate the con-
venience and accessibility of major retail chains when it is not (Lockie 2002); second, that 
many involved in direct sales as consumers came to an awareness of organics through the 
appearance of organic foods in conventional retailers; and third, that many small to medium 
size farms engage in both direct and indirect sales in order to spread their marketing options 
and risk (Halpin 2004a).

The importance of large mainstream retailers and the visibility they lend to organics is 
underscored by the Richter et al. (2001) review of organic food marketing in Europe and the 
USA. The most important feature of those supermarket chains that reported success in their 
marketing of organic products, in terms of profitability and corporate image, was the in-store 
visibility of organic products. This visibility was underscored by the range of organic products 
available, the availability of promotional and educational material within the store, and knowl-
edgeable sales people. These chains took active steps to ensure that, wherever possible, every 
major product grouping included a high quality organic option by appointing dedicated senior 
management personnel and by working with suppliers. The leading chains in organic sales had 
been involved in the sector since before demand for organic products mushroomed in the late 
1990s (suggesting they were key players in this escalation of demand), had detailed environ-
mental management policies and strategies that extended beyond the sale of organic foods to 
include matters such as energy conservation (see also Burch et al. 2001), and featured organics 
prominently in their advertising. Those chains less committed to organics tended to stock a 
limited range of long shelf-life dry goods. Almost all chains used their own organic certifica-
tion labels to reduce confusion, although few collected data on who was buying their organic 
products or why. Consequently, there were few attempts to target the specific needs of different 
consumer groups. There was a general concentration on information related to health and 
food safety as well as, to a lesser extent, environment, taste and animal welfare (see also Hamm 
et al. 2002).

010602•Organic Agriculture 3pp.i252   252 30/4/06   4:44:43 PM



Understanding the market for organic food 253

Expanding the ‘market’ for organic foods
The foregoing discussion has highlighted options for promoting continued expansion in the 
organic market. Consumer surveys from around the world consistently indicate both that 
most Western consumers are positively disposed towards organic foods and that the major 
barriers to their increased consumption of those foods are perceived to be their price and 
availability. The experience of major retailers in Europe is consistent with these claims (Richter 
et al. 2001). Those countries with comparatively more mainstream retailer involvement in the 
organic sector and/or lower retail premiums tend to have higher per capita levels of organic 
food consumption. At the same time, those retailers that report the most corporate benefit 
from organic sales are those that offer a comprehensive choice of easily identifiable organic 
product lines. Consumer research also highlights the importance of credibility and trust (see 
Lockie et al. 2002), matters that increasingly are addressed though the implementation of 
strictly regulated standards setting and inspection regimes.

We have no wish to imply here that all organic producers or processors need to do is get a 
certified product to market and it will sell itself. Although there is insufficient space here to 
discuss the issue fully, we suggest that one of the characteristics common to many growers, 
processors and retailers who have successfully expanded their sales is the considerable effort 
they have put into a supply chain organisation (see Halpin 2004b). The key point is that resolv-
ing the supply side issues necessary to promote market expansion involves more than simply 
expanding production or putting more product lines on the shelf. For supermarkets that trade 
on convenience and choice, the focus of coordination is on securing supplies of consistent 
quality and quantity across a diverse product range. Strategies to achieve this range from sup-
porting the conversion of conventional enterprises to organic production and processing, to 
encourage the pooling of produce from smaller farms into larger consignments, and import-
ing supplies from elsewhere. Even farmers’ markets, community supported agriculture and 
box schemes that trade on seasonality, locality and community may be seen as methods to 
introduce convenience and choice to the realm of direct sales by making it easier for consum-
ers to access a wider range of produce. Organisers of such schemes often supply recipes and 
other information to help consumers cope with the ‘inconvenience’ of seasonal gluts and 
shortages and with unfamiliar produce.

As important as supply chain organisation and standards regulation are to the organic 
market, we cannot overlook the questions of how organic foods are promoted and to whom. 
Organic foods are consumed in at least small quantities by enough Western consumers that 
there is little to differentiate between those who do eat organic food and those who do not 
(Pearson 2002). The values that underpin organic food and agriculture, environmental sustain-
ability, food safety and nutrition, animal welfare and so on, are widely perceived as important 
(Lockie et al. 2002). Nevertheless, the most committed consumers of organic food are those 
who place a high value on the perceived ‘naturalness’ of food (Lockie et al. 2004). These are 
more likely to be women than men, and more likely than not to take major responsibility for 
food shopping and preparation within their household. This group do not need to be convinced 
of the merits of organic foods. Further, even though the demands placed on their time by 
responsibility for food provisioning lead this group to place a high value on convenience (Lockie 
et al. 2004), this is the group most likely to actively seek out organic foods and to adapt their 
shopping behaviour accordingly. In doing so, members of this group may challenge the idea 
that large supermarkets are as convenient as they are widely perceived to be and the notion that 
taking time to think about food is an inconvenience (Lockie 2002). In promoting organic foods 
to this group, the key attributes are naturalness and authenticity. They are uncomfortable with 
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highly processed organic foods and long-distance transportation and would rather know where 
they can buy fresh local produce and minimally processed dry goods.

Most organic food consumers are not, of course, so committed. They do not change their 
shopping habits readily and will substitute conventional products for organic whenever the 
latter are not available or affordable at their regular shopping outlets. Nevertheless, increas-
ing sales to this group may represent one of the easier growth paths for the organic industry. 
These buyers do not need to be convinced of the merits of organic food. They already purchase 
it. All that needs to be done is to convince them to purchase more of it. In order to promote 
organic products to this group the organic industry needs to address a range of issues 
including:

1 Pricing: retail price premiums remain considerably higher in most national markets than 
most consumers are willing to pay. Addressing this will remove a major barrier to organic 
food sales among less committed consumers.

2 Visibility: most food purchasing decisions are based on habit (Pearson 2000). Varying 
habitual patterns and developing new shopping habits is strongly influenced by the visibil-
ity of alternatives. Although introducing organic foods to major retail chains certainly has 
increased their visibility, the appearance and layout of product displays also is critical. The 
most influential area to display products is where buyers enter the retail outlet, at the ends 
of aisles, and/or at eye level. Even where this is not possible, it is important that displays 
identify organic products in some prominent manner.

3 Labelling: as well as reducing the visibility of organic foods, inconsistent and inadequate 
labelling reduces consumer confidence and trust in the integrity of organic claims (Lockie 
et al. 2002). National and international harmonisation or certified organic labels would be 
welcomed by most consumers if not by the certifying bodies who compete for farmers’ 
business.

4 Availability: the supply and quality of organic products must be consistent enough that 
buyers are not tempted to substitute them for conventional products. There may be circum-
stances in which the organic industry is better served by a strategy of targeting a few key 
products than by attempting to provide a complete product range. Research has shown, for 
example, that a few fresh fruit and vegetables account for most of the expenditure, suggest-
ing that the organic industry could have the greatest impact on its overall sales by targeting 
the top-selling items (Pearson 2000).

As stated above, there are relatively few Western consumers who state that they would not, 
under any circumstances, buy organic food. The barriers raised against organic consumption 
by members of this group typically focus, again, on pricing and availability (Pearson 2002). 
This group is clearly the least likely to bypass major retailers and make use of specialty food 
stores, home delivery services and so on. Given this, an obvious strategy to encourage members 
of this group to purchase organic foods is to sell them at the same price as conventional foods. 
At least one British supermarket chain has done this (selling some organic products at below 
cost) in order to increase the profile of its concern for the environment (Hutchins and Green-
halgh 1995). However, it is likely also that many strictly conventional food consumers see little 
intrinsic value in the organic label and are unlikely to purchase any organic food that does not 
possess the same visible quality attributes as conventional competitors (e.g. visual appearance, 
smell) even if it is no more expensive. This suggests that it is necessary to promote to this group 
the benefits of organic products, a strategy that may encourage them to accept a higher price 
because they believe that the positive attributes of organic products such as health, taste and 
environmental sustainability increase its value.
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Conclusion
We have deliberately avoided offering a firm conclusion on just how big the organic market 
will grow. Slowing rates of expansion in Europe may suggest that projections the organic 
market could reach US$100 billion by 2006 are unduly optimistic, and that global demand for 
organic foods may plateau well before we reach this mark. However, few have so far tried to 
assess the implications of growing middle classes outside the developed economies of Europe, 
North America, Japan and Australia/New Zealand. Further, there is considerable scope still 
through adaptations in production, distribution and retailing strategies, and through the 
manipulation of retail price premiums, to influence demand in the West. The organic industry 
needs to at some point confront the question as to whether it wants to grow beyond a market 
share that enables it to be dismissed as a niche market and whether it is prepared to take the 
steps necessary to support higher levels of demand. For some, legitimately, the answer will be 
no. For others, there will be no question that if environmentally sound agricultural practices 
are to become the norm there is no choice but to promote aggressive expansion in the organic 
sector. However, it cannot be taken for granted that the spectacular growth we have seen in the 
organic market over the last decade will continue indefinitely. Neither can it be taken for 
granted that the strategies which have underpinned that growth to date will be sufficient even 
to ensure the social and economic sustainability of the organic sector as it now stands.

The most obvious way to increase demand for organic foods is to lower retail price 
premiums. Improving the visibility, availability and labelling of organic foods also carries 
considerable potential. Achieving these will depend not just on an expansion of production 
but on the organisation of a range of supply chain arrangements to move organic foods from 
the field to the point of sale as clearly differentiated products. Some of these arrangements will 
be highly integrated national and international networks. Others will be highly localised and, 
at times, informal. We have argued that while concern regarding the potential loss of key 
organic values and principles alongside market expansion is justified, the entry of mainstream 
retailers and other businesses into the organic sector has created opportunities for smaller 
enterprises and supply chains. This may not always be the case, but presently it appears that 
the increased market share of large retailers has come from the higher demand they have stim-
ulated and not from the transfer of sales from elsewhere.

In closing, we would reiterate the point that underlies concern about ‘conventionalisation’; 
that is, that organic foods must retain their integrity and authenticity if they are to maintain 
any economic value (Latacz-Lohmann and Foster 1997). Although only loosely defined, the 
concepts of integrity and authenticity have enabled organic foods to signify a variety of often 
intangible attributes related to quality, safety, ecology, tradition and provenance. These per-
ceptions have provided the organic industry with the free advertising that has afforded its 
status as the main alternative to industrial agriculture and emphasised all the risks and uncer-
tainties with which mainstream production is attributed. If the market for organic food is to 
continue to grow, it must continue to offer, from standards to supermarket shelves to farmers’ 
markets, the taste, smell and texture of authenticity.
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Introduction
A high proportion of the Earth’s land surface has been transformed by direct human action, 
with significant consequences for biodiversity, nutrient cycling, soil structure and biology, and 
climate. Agriculturally used land accounts for 38% of the world’s total land area, of which 69% 
is permanent pasture, making it the leading type of agricultural land use; 28% is arable land 
and 3% is under permanent crops (FAO 2004).

The location and physical production conditions are important determinants of the types 
and intensities of agricultural land use; in particular, the management of relatively flat, fertile 
land has often been progressively intensified, with mechanisation leading to increased field 
sizes, removal of boundary vegetation and increased application of agrochemicals. In contrast, 
traditional farming systems on marginal land, where possibilities for mechanisation are 
limited because of steep or inaccessible terrain, are in many areas under considerable economic 
pressure or have been abandoned already.

The term ‘organic agriculture’ used in this chapter is based on the Codex definition of the 
FAO (1999, see Chapter 1). According to Parrott and Marsden (2002) organic agriculture, 
which relies on natural methods of building soil fertility and controlling pests and diseases, 
can be divided into two categories: certified organic farming and de facto organic farming. 
Whereas certified organic production is often oriented towards the market for food labelled as 
organic, the latter may represent the major part of organically managed land. Such de facto 
organic farming can often be found in resource-poor and/or agriculturally marginal regions 
where local populations have a limited engagement with the cash economy. This includes many 
traditional farming systems found in developing countries, which have evolved through cen-
turies to create agricultural systems adapted to local environmental and cultural conditions 
(Parrott and Marsden 2002; Scialabba and Hattam 2002). This chapter covers the environ-
mental impacts of organic farming in this wider sense and also includes agroforestry, a man-
agement system that integrates trees in the agricultural landscape and that is systematically 
applied in organic agriculture. Agroforestry is practiced in all agroclimatic zones but is most 
prevalent in the tropical belt (Kotschi and Müller-Sämann 2004).

Organic agriculture is generally perceived as a form of agriculture that is more favourable 
for the environment than conventional agriculture. In this chapter it is asked where, precisely, 
the differences are in environmental terms and whether the available empirical evidence allows 
for a generalisation. Geographical differences and interrelationships are emphasised wherever 
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relevant. Primary sources for this chapter are a review of research results, mainly for developed 
countries in temperate and subtropical zones. There is a lack of scientific research in develop-
ing countries in the tropics and subtropics, but from practical experiences and case studies, it 
may be assumed that results are transferable (Alföldi et al. 2002).

A wide range of indicators are being used in the description of the environmental impacts 
of agriculture. Particularly, the Organisation for Economic Cooperation and Development 
(OECD) pushes the development of a common set of indicators at an international level. The 
assessment presented here is based on the Driver–State–Response (DSR) framework that has 
been developed by the OECD in (OECD 1997). This framework is internationally accepted and 
allows cross-country comparisons. Whenever appropriate, simplifications and modifications 
have been made.

The main indicators used in the analysis presented in this chapter are given in Table 12.1. 
The discussion of environmental impacts is structured by six main sectors. There are signifi-
cant interrelationships between these sectors.

Biodi�ersity
Since its beginnings, agriculture has been a source of positive and negative effects on the eco-
system in terms of wildlife conservation and landscape. The level of intensity that modern 
agriculture has reached in wide areas of Europe has resulted in a decrease in biological diver-
sity of domestic and wildlife species. The destruction of biotopes, as well as the simplifications 

Table 12.1 Overview of the main fields of environmental impact examined and the specific 
aspects covered (after OECD 1997)

Area Aspect/indicator

Biodiversity Genetic diversity

Floral diversity

Faunal diversity

Habitat diversity

Landscape Landscape structures and aesthetic value

Soil Soil organic matter (SOM) and acidity (pH value)

Biological activity

Soil structure

Erosion

Desertification

Ground and surface water Nutrient use and balance 

Nitrate leaching

Phosphorus

Pesticides

Pathogens

Climate and air Carbon dioxide (CO2)

Nitrous oxide (N2O)

Methane (CH4)

Ammonia (NH3)

Energy Intensity of energy use 

Efficiency of energy use 
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of crop rotations, and the increasing input of synthetic fertilisers and pesticides has been 
responsible for changes in the habitat of many species.

Maintaining and enhancing biodiversity is considered central to developing a sustainable 
organic system. Organic farming depends upon stabilising agroecosystems, maintaining eco-
logical balances, developing biological processes to their optimum and linking agricultural 
activities with the conservation of biodiversity (Alföldi et al. 2002). Increased biodiversity 
improves and buffers ecological services such as pollination, pest control, maintenance of soil 
fertility, thus strengthening farming systems and practices. Building on that, some organic 
certification organisations have incorporated biodiversity requirements into their standards 
(Alföldi et al. 2002). The Swiss organic standards, for example, require farmers to use 7% of 
their land as semi-natural habitats (Bio Suisse 2001).

Tybirk et al. (2004) state that organic farming systems seem to be an appropriate tool for 
planners to balance conservation and production, but the philosophy behind ‘the more biodi-
versity the better’ requires a deeper discussion. Many researchers have claimed that processes 
and functional groups of organisms are more important for ecosystem function than ‘just’ 
maximising the diversity (e.g. Kareiva 1994, Tilmann 1997, Hodgson et al. 1998).

In a review of 76 studies that explicitly compared the effects on biodiversity of organic 
farming relative to conventional agriculture, Hole et al. (2004) highlighted three broad man-
agement practices that are largely intrinsic to organic farming (but not exclusive), and particu-
larly favour farmland wildlife: a ban or a reduced use of chemical pesticides and inorganic 
fertilisers, sympathetic management of non-cropped habitats, and preservation of mixed 
farming.

While comparing the impacts of organic and conventional farming systems on biodiver-
sity, Hole et al. (2004) identified the following problems:

•	 variation in the definition of organic farming standards between countries;
•	 disparity between studies in their control for extraneous variation;
•	 variation in the period the studies were carried out;
•	 variation in the spatial scale; and
•	 use of different ‘measures’ of biodiversity.

Furthermore, there are several factors that may result in underestimating the benefits of 
organic farming on biodiversity, such as a possible time lag in the response of wildlife commu-
nities after switching from conventional to organic farming, or the difficulty in detecting sig-
nificant effects at the field scale for mobile taxa such as birds and butterflies.

Nevertheless, most studies reviewed clearly demonstrate that species abundance and/ or 
richness across a wide range of taxa tend to be higher on organic farms than on locally repre-
sentative conventional farms. This particularly applies to species which have experienced 
declines in range and/or abundance as a consequence of past agricultural intensification.

The effects on biological diversity are reviewed in more detail for the following three 
aspects: genetic diversity, species diversity (floral and faunal) and habitat diversity.

Genetic di�ersity
Today, the adoption of high yielding, uniform breeds and varieties has led to a considerable 
reduction in the number of species and in the number of varieties/breeds within species used in 
agriculture (Alföldi et al. 2002). There are many schemes and projects worldwide working to 
conserve seed banks and indigenous varieties, many of which are linked to organic agriculture 
projects (Stolton 2002). A typical example is the Sustainable Agriculture and Rural Develop-
ment Project (SARDI) in Kenya where a community indigenous seed conservation program is 
being implemented. Indigenous seeds have been shown to perform better in drought conditions 
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(Waireg 2000, reported in Stolton 2002). Another example is given by Vreeland (2000) who 
reports on Indians in the High Jungle of Peru who organically cultivated cotton and thereby 
conserved ecotypes adapted to the moist tropical conditions. Vreeland emphasises that native 
cotton can also provide valuable genetic materials for improving commercial cotton varieties 
because of the high degree of natural resistance to insects, disease and drought stress.

Even though there is evidence that organic farming systems are more likely to use rare, 
native or traditional breeds, there are only few studies that investigate the role of organic live-
stock in maintaining the genetic diversity of domesticated stock (Bremond 2002).

Since 1995, organic agriculture has indirectly established a rescue process for species, vari-
eties and breeds threatened by underuse or extinction. As demonstrated in various case studies, 
organic agriculture, almost without the help of governmental institutions, is providing an 
important contribution to the in situ conservation, restoration and maintenance of agricul-
tural biodiversity (Scialabba et al. 2002).

A possible future threat to genetic diversity and biodiversity in general, could be the side 
effects of the release of genetically engineered or modified organisms (GMOs) into the envi-
ronment (Soil Association 2001). In organic agriculture genetic engineering is banned (Alföldi 
et al. 2002).

Floral di�ersity
In general, the diversity of f loral species is closely connected to local site conditions. Neverthe-
less, Hole et al. (2004), while investigating the flora of arable and mixed farming, recorded 
higher weed abundance and species richness in fields under organic management in almost all 
studies. In several studies, organically managed fields held considerably rarer and/or declining 
species. However, in regions with low potential for biodiversity, the positive impact of organic 
farming on wild herb or grassland diversity is less distinct (Baars et al. 1983, Smeding 1992).

Factors that contribute to greater f loral diversity include the proportion of grassland 
relative to arable cropping, the variation in sowing dates for cereal crops and the inclusion of 
both autumn-sown and spring-sown cereals. A richer floral diversity has positive impacts on 
faunal diversity, because it offers overwintering sites, refuges and areas with network links to 
other habitats (Shepherd et al. 2003). Weeds are considered competitive to the crop in conven-
tional farming and are eliminated by herbicides, whereas in organic systems, some of the 
accompanying plants are desired to a certain degree and are considered useful as they provide 
ecological services (Alföldi et al. 2002). In the context of pollinators, which greatly benefit 
from a diversity of f lowers, f lowering weeds are more diverse and abundant in organic arable 
fields and grassland compared to conventional fields (Frieben and Köpke 1996). In organic 
grassland, the average number of species was higher than in conventional, as a result of lower 
stocking rates and lower fertilisation levels in organic farms. Additionally, the mowing date is 
often delayed, which means that grass species can reach the flowering stage and thus achieve 
greater reproduction, leading to plant communities rich in species and structure (Frieben and 
Köpke 1996, Frieben 1997).

Van Mansvelt et al. (1998) compared 7 organic and 8 adjacent conventional farms in the 
Netherlands, Germany and Sweden in order to evaluate their effect on landscape diversity. 
They found the farmland area dedicated to natural elements ranged from 55% to 20% in the 
mixed organic farms and from 11% to 0.3% in the conventional neighbours. A study by Aude 
et al. (2004) compared the conservation value of hedge bottom vegetation on organic and con-
ventional farms in Denmark. The hedgerows studied (28 organic, 28 conventional hedgerows) 
were established in the same way except that the organic hedgerows were managed without 
pesticides. Significantly more plant species were found in the organic hedgerows and their 
species composition appeared similar to semi-natural plant communities.
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The biological relationship between floral diversity and both pest and beneficial insects has 
been studied extensively. The importance of f lowers to attract beneficial insects for adult 
feeding as well as grass banks as overwintering sites for predatory beetles is now fully recog-
nised (Van Emden 2003). Uncultivated land, hedgerows inside crops, in allied crops and in 
neighbouring areas can serve as refugia for beneficial insects such as parasitoids of aphids 
(Verkerk et al. 1998). The data generated by Langer (2001) was based on an organically farmed 
experimental system, and indicated that short rotation coppice hedges and clover/grass leys in 
the rotation may increase diversity and activity of parasitoids attacking cereal aphids. Besides 
the positive effects of biological pest control, from a farmer’s point of view, negative interac-
tions such as pests overwintering in hedges and weeds invading from field margins are also 
important. Many farmers considering converting to organic farming fear that such problems 
will be very difficult to manage. Although some mechanisms of natural enemy enhancement, 
such as increasing diversity within cropping systems, have been explained in specific systems, 
it is difficult to show universal trends due to the great diversity of systems and competing 
processes that vary under different conditions (Verkerk et al. 1998, Tybirk et al. 2004).

Concerning domesticated species, organic farming aims for a greater diversity of crops in 
their rotation. Wide crop rotations are essential as a means of disease and pest prevention. 
They also contribute to maintaining soil fertility, particularly if N-fixing legumes are part of 
the rotation. While organic farming standards recommend cultivating site-adapted crop vari-
eties, organic farmers (just like their conventional colleagues) often choose modern high-
yielding varieties. Nevertheless, the preservation of old land varieties and breeds is an important 
initiative within the organic farming movement (Stolze et al. 2000).

Faunal di�ersity
The effects of organic farming on faunal biodiversity have been studied, particularly for soil 
fauna and birds. In most cases, organic farming displays a greater faunal biodiversity than 
conventional farming. Key factors are: greater fauna-friendly crop protection management, 
the organic fertilisation regimes, the more diversified crop rotation, and the more structured 
landscapes with semi-natural habitats and field margins (Stolze et al. 2000, Alföldi et al. 2002). 
Landscape structures are essential for the survival of many invertebrates, especially due to 
favourable food and overwintering conditions. They also function as habitat crosslinks 
between meadows, fallows and field margins.

An analysis of some specific groups of fauna illustrates the interrelationships.

Earthworms

Earthworm populations can indicate the structural, microclimatic, nutritive and toxic situa-
tions in soils. They are highly suitable bioindicators of soil fertility, and they are known for 
their sensitivity to synthetic pesticides and to many agricultural practices (Mäder et al. 1996, 
Pfiffner and Mäder 1997). Earthworms help to improve soil structure and provide a high con-
centration of nutrients in a form accessible to plants (Alföldi et al. 2002). Many investigations 
in Europe and North America show that organically managed soils tend to exhibit a greater 
abundance and species number of worms compared to conventionally managed plots or farms 
(review in Pfiffner 1997).

Arthropods

Pesticides can affect beneficial arthropods either directly via contamination, or through alter-
ation of the microhabitat and a reduction of their prey. In contrast to conventional farming, 
synthetic pesticides are banned in organic farming and the use of a few approved natural pesti-
cides is very restricted. Most natural pesticides are not very selective and can therefore also 
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affect beneficial arthropods. But the toxicity of natural pesticides is usually lower and their 
degradation significantly faster in comparison to synthetic pesticides (DEPA 1998, UNCTAD 
2003). Additionally, the higher fertilisation levels in conventional fields lead to a greater density 
of crops, which can alter the microclimate and can also reduce the occurrence of species 
dependent on a warm microclimate and on light (Pfiffner and Niggli 1996, Pfiffner and Luka 
1999). Jauset et al. (2000) demonstrated that tomato plants fertilised with high nitrogen (N) 
levels showed a higher intrinsic rate of increase of greenhouse whitefly populations. Yardim 
and Edwards (2003) studied the effects of organic and synthetic fertilisers on pests (aphids) 
and predatory arthropods associated with tomatoes. The application of both organic and syn-
thetic fertilisers could increase pest populations. However, they found lower populations of 
aphids on organically fertilised tomatoes after one year, indicating that organic fertilisers may 
have the potential to reduce pest attacks in the long term.

In Europe, researchers have found greater diversity and abundance of soil and surface-
living arthropods such as spiders, beetles, parasitic f lies and wasps as well as non-pest butter-
flies, and many other invertebrate species in organic farming systems compared to conventional 
farming systems (Feber et al. 1997 1998, Pfiffner and Mäder 1997, Kromp1999, Stolze et al. 
2000, Sunderland and Samu 2000, Tybrik et al. 2004). However, some reports have not found 
these differences to be as clear (Gardner and Brown 1998), and in the case of aphids, there are 
generally fewer present in organic fields (Reddersen 1997). Berry et al. (1996) examined the 
abundance and ecological diversity of selected groups of beneficial arthropods on 16 organic 
and 17 conventional carrot fields in New Zealand. The organic fields had significantly higher 
numbers of Hymenoptera and Neuroptera as well as a significantly more diverse predatory 
and parasitic community than the conventional fields.

Birds

The decline in farmland bird populations is well documented. Birds are well-suited indicator 
organisms that show the environmental status of nature and landscape infrastructure including 
agricultural land. Several studies show that bird densities are higher in organic farms. A study by 
Rhône-Poulenc (1997) has shown a steady annual increase in the number of bird territories on 
land converted to organic production and a larger overall number of territories on organically 
managed land. The British Trust for Ornithology (1995) found that breeding densities of skylarks 
and densities of birds in general were significantly higher on organic farms. In coffee production 
in Latin America, another factor appears more important – research carried out by the Smithso-
nian Migratory Bird Centre in Colombia and Mexico showed more than 90% fewer bird species 
in sun-grown coffee plantations as opposed to shade-grown coffee (Alger 1998). Shade-grown 
practices are recommended in organic standards as they fulfil requirements to enhance soil fer-
tility, pest and disease control and expand crop production options (Rice and Ward 1996). While 
many interactions between organic farming and biodiversity are positive, some actions can have 
a negative impact, particularly on ground-nesting birds. These include mechanical weeding, 
mulching operations, certain mowing techniques and timing of operations (Jones et al. 1996, 
Fuller 1997, Welsh et al. 2002, Shepherd et al. 2003, Reiter and Krug 2003).

Mammals

According to Hole et al. (2005), there are only two strictly comparative studies of organic and 
conventional farming and their influence on mammalian biodiversity. Brown (1999) found 
that activity levels of small mammals (wood mouse, bank vole, common shrew) were greater 
in organic than conventional fields. Increased food abundance through hedgerows and field-
edge habitats was cited as the most significant factor that benefitted these and a range of other 
mammalian species occurring on farmland. Many small mammal species are likely to have 
been affected by reduced insect and weed-seed food resources resulting from intensification 

010602•Organic Agriculture 3pp.i264   264 30/4/06   4:44:46 PM



Environmental impacts of organic farming 265

(Flowerdew 1997). Wickramasinghe et al. (2003) investigated bat activity and species richness 
in a paired (organic/conventional) farm. Total bat activity was significantly greater on organic 
farms than on conventional farms, while no significant difference in species richness was 
found between the farm types. Responsible factors for the greater activity levels appeared to be 
better water quality and greater prey availability.

Comparatively few data are available on the effects of organic farming on other wild animal 
groups, particularly in regard to pollinators. This could be an important research theme. Apart 
from wild bees and other insects, bats are the principal pollinators of fruit trees and major 
staple food crops, including potato, cassava, yams, sweet potato, taro, beans, coffee and 
coconut. Declines in populations of pollinators now threaten both the yields of major food 
crops and the survival of wild plant species (McNeely and Scheer 2001). Many vertebrate polli-
nator species are threatened in Australia, Colombia, Ecuador, Indonesia, Madagascar, Mexico, 
Papua New Guinea, Peru and the USA. The main reasons include: loss of nesting and roosting 
sites, habitat fragmentation by excessive exposure of nectar plants to herbicides and pollina-
tors to pesticides, overhunting, disruption of nectar corridors required by migratory pollina-
tors, and competition by invasive species (Nabhan 1998).

Habitat di�ersity
Semi-natural areas are extremely valuable habitats in the agricultural landscape with respect 
to the conservation of threatened species. They are also of great functional importance for 
nutrient cycling (e.g. meadows retaining nutrients and thereby preventing leaching) and proc-
esses of succession (e.g. colonisation) (Tybirk et al. 2004).

In Denmark, there are four major pressures which affect semi-natural habitats such as per-
manent grasslands and meadows: changes in hydrology, fragmentation, eutrophication, lack 
of management and consequently, succession into shrub and forest (Ellemann et al. 2001). 
Tybirk et al. (2004) argue that organic farming may affect these biotopes in the same manner 
as conventional farming except for the absence of chemical fertilisers and pesticides. While 
pesticides are rarely used on semi-natural areas in general, organic nutrients may be applied by 
organic farmers at (almost) the same levels as in conventional farming systems. Attention 
should therefore be given to developing organic farming practices that support the characteris-
tic balance of functional groups of organisms, and that ensure a proper functioning of the 
relevant processes and functions (Stolton et al. 2000). An example is the maintaining of unfer-
tilised buffer strips along uncultivated biotopes (Tybirk et al. 2004).

Overall, there is little information available to compare habitat diversity in organic and 
conventional farming systems. Stockdale et al. (2001) and Alföldi et al. (2002) indicate that 
semi-natural habitats are intrinsic in organic regimes where their management is central to the 
philosophy. Organic farming does indeed tend to have a positive impact on habitat diversity, 
presumably for the reasons that have already been given. But the correlation is not very strong, 
since habitat diversity depends highly on given/historic landscape structures and site-specific 
aspects too (Stolze et al. 2000, Shepherd et al. 2003, Reiter and Krug 2003).

Diversity and density of habitats in the agricultural landscape may influence the produc-
tion system, but the overall effects are extremely difficult to determine. There is a great need to 
intensify research of these interactions and to develop reliable indicators of a supposed func-
tional integrity and both the positive and negative interactions between cultivated and uncul-
tivated areas in organic farming systems (Tybrik et al. 2004).

Landscape
Landscapes are territorial or spatial units produced through the interaction between human 
societies and cultures with the natural environment (Wascher 2000). They are viewed as 
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 integrating various functions demanded by society – the multifunctional landscape. In this 
sense, landscapes can be classified according to their intrinsic beauty, historical features, 
embodiment of cultural values, past and present impacts of land use, farm practices, composi-
tion of farming systems, distribution of habitats and human-made features like stone walls or 
historic buildings (OECD 1997). Landscape goals and the relevant land use and management 
practices need to be addressed at the farm as well as at the landscape level. Van Mansvelt and 
van der Lubbe (1999) as well as van Elsen (2001) suggested that a minimum of 3% to 5% of 
each farm should be designated to on-farm nature conservation, although the spatial separa-
tion of the conservation areas from the production zones should be minimised (van Elsen 
2000). Tybirk et al. (2004) state that minimum standards on the extent of uncultivated areas 
should rather be implemented at the landscape level, where due consideration of landform and 
habitat structure could be taken.

In a comparative analysis of organic and conventional farms in two Danish counties, Tress 
(1999) found generally fewer fallow fields and a larger area of permanent and extensive grass-
land on organic farms. More fields of smaller size and a significantly larger share of inner and 
outer hedgerows on organic farms are creating a more diverse mosaic within the farm (Clausen 
and Larsen 1997, Tress 1999). Alföldi et al. (2002) found that the diversity of landscapes and 
production systems was greater in organic farms than on conventional farms, regarding land 
use types, crops, livestock, plantings (hedges, solitary shrubs, trees), f lora and sensorial 
information.

Farms exert a joint but uncoordinated impact on landscape (Baudry et al. 2003, Thenail 
and Baudry 2004). The development of high-input systems has reduced the area of extensively 
cultivated fields, grassland, uncultivated areas and small biotopes. Therefore, the landscape 
level management of habitats becomes crucial for the purpose of leaving room for natural 
processes (Reenberg and Baudry 1999). Development of organic farming in this respect is a 
potential instrument for such management (Tybirk et al. 2004).

Organic farming generally provides a good potential for landscape diversity, including 
criteria related to perception and sensory qualities (Van Mansvelt and van der Lubbe 1999; 
Stolze et al. 2000; Stobbelaar and van Mansvelt 2000). Van Elsen (1997) states that the basic 
principles of organic farming provide a perspective for further development of high-quality 
landscapes which include the possibility of a cautious utilisation of sensitive areas (Noquet et 
al. 1996), as well as a requalifying of the identity of rural sites (Pennanzi 1996). How precisely 
organic farms (can) contribute to landscape quality is a main area for further research.

Soil
Soil care is a main principle in organic farming. It is, therefore, not surprising that the impacts 
of organic farming on soil properties have been researched comprehensively. Special focus in 
this research is on organic matter content, biological activity, nutrient cycles and soil erosion. 
Even though soil performance is very site specific, results of studies in different countries (e.g. 
Europe) show that organic farming tends to conserve soil fertility and system stability better 
than conventional farming systems (Stolze et al. 2000, Shepherd et al. 2003).

As organic farmers cannot use synthetic substances (e.g. fertilisers, pesticides, pharmaceu-
ticals), they pay particular attention to operating a sound rotational system to ‘nourish the 
soil’ in order to maintain organic matter content and to keep it in good condition. Organic 
management focuses on nutrient cycling with the aim of maximising agroecosystem stability 
and homeostasis. To restore the natural ecological balance is seen as essential by organic 
farmers because ecosystem functions are considered to be the main productive ‘input’ (Alföldi 
et al. 2002, Shepherd et al. 2003).
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Soil organic matter
The environmental relevance of organic matter content is based on its capacity to improve 
nutrient availability as well as biological activity and to reduce the vulnerability to physical 
damage. Soil organic matter strongly influences many soil properties including bulk density, 
water-holding capacity, infiltration rate, hydraulic conductivity and aggregate stability (Alföldi 
et al. 2000, Shepherd et al. 2003). Research on organic matter concentrates on soil organic 
carbon (C) content as a key parameter. The level of organic matter content correlates with site-
specific conditions such as soil type, texture and precipitation as well as farming system (Stolze 
et al. 2000).

Soil organic matter (SOM) and humus are important components in the organic farming 
philosophy. Fertilisation is based on organic substances such as farmyard manure from animal 
husbandry, compost, green manure, plant residues and commercial organic nitrogen fertilis-
ers. Consequently, there is an extensive supply of organic matter passing through aerobic 
decomposition processes. Mineralisation and decomposition processes are influenced by 
humidity, temperature and oxygen. This means that under tropical conditions these processes 
run faster and all year long, whereas under temperate conditions they are slower and come to a 
halt during the colder months (Stolze et al. 2000, Alföldi et al. 2002).

Several long-term trials that compare organic farming to conventional farming have been 
performed in various European countries. The research shows that soil organic carbon content 
is higher in organic systems than in conventional farming (e.g. Goldstein and Young 1987, 
Garcia et al. 1989, Mäder et al. 1995, Petersen et al. 1997, Clark et al. 1998, Stolze et al. 2000). As 
for pastures, the differences are less pronounced (Shepherd et al. 2003). However, some authors 
could not report an increase of SOM in organically managed soils. Gosling and Shepherd 
(2004) found that soils in England under mixed organic arable rotations maintained concen-
trations of SOM at similar levels to those under typical conventional systems. 

The most important farm practices for organic matter supply vary in different regions as 
European organic farm characteristics differ considerably between climatic zones. Organic 
farming in the Northern countries is characterised by a high percentage of leys in crop rota-
tions because animal husbandry is the dominant farm type. SOM content and composition on 
organic farms in the Mediterranean countries is based more on plant residues and green 
manure (Persson 1994, Pomares et al. 1994, Vizioli 1998, Stolze et al. 2000).

Overgrazing and the need for fuel (both wood and dung) in the countries of Africa, Asia, 
Latin America and the Caribbean can both exert extreme pressures on local bioproductivity, 
leading to nutrient losses and reducing the amount of available compostable and recyclable 
organic materials. According to Parrot and Marsden (2002), organic and agroecological 
systems do not provide panaceas for areas with depleted and declining nutrient status. However, 
their case studies in Burkina Faso and Tigray (Ethiopia) show that organic and agroecological 
systems can significantly help address problems of declining soil fertility by building up local 
productive capacity (both ecological and social), rather than relying upon external inputs.

Acidity and pH le�els
The pH of the soil is an important parameter since it can affect the plant’s ability to take up 
nutrients and the microbial activity in the soil that influences the processes required for plant 
nutrition. Changes in soil pH occur by the displacement of cations or by additions of sources 
of acidity such as hydrogen and aluminium ions (Tisdale et al. 1993).

Chemical fertilisers are highly reactive and can cause extreme pH fluctuations in localised 
areas such as those near the fertiliser band (Cooke 1967). In contrast, organic manure can 
increase the buffering capacity of soils, preventing swings in pH, because of additional organic 
matter. Comparative studies of conventional and organic farming systems revealed that organic 
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systems sometimes have higher pH levels in mildly acidic soils than their conventional counter-
parts (Alvarez et al. 1993, Reganold et al. 1993, Drinkwater et al. 1995, Werner 1997, Clark et al. 
1998). During a long-term organic farming study in the Great Plains in Northern Colorado, 
Daniel et al. (2002) found that the pH levels in the alkaline soil decreased significantly over time 
with organic production. Results from a long-term Swiss trial comparing biodynamic, organic 
and conventional farming systems, the DOK (bioDynamic–Organic–Konventional) trial, dem-
onstrate that the utilisation of composted manure, common in organic systems, has a positive 
effect on the content of organic matter and helps to avoid soil acidification (Fließbach et al. 
2001).

Biological acti�ity
High biological activity within the soil promotes metabolism between soil and plants and is an 
essential part of sustainable plant production and fertiliser management. The role of soil 
organisms is central to soil processes and fertility since they render available the elements in 
plant residues and organic debris entering the soil (Alföldi et al. 2002).

Earthworms and mesofauna

Earthworms have many positive direct and indirect effects on soil quality, both in terms of 
their effects on soil physical properties and nutrient cycling. Furthermore, they are important 
in soil organic matter turnover (Shepherd et al. 2003). As a key species of soil mesofauna, they 
are an appropriate indicator of soil biological activities as a result of their sensitivity to any 
kind of soil disturbance (Stolze et al. 2000). In a synthesis of relevant scientific results, Pfiffner 
and Mäder (1997) compared organic and conventional farming systems and concluded that in 
organically farmed soils, a significantly higher biomass and abundance of earthworms 
occurred as well as a considerably higher diversity of earthworm species. These results were 
also reported by Siegrist et al. (1998) during a long-term field trial and by others (Gerhardt 
1997, Whalen et al. 1998). A possible reason for the abundance of earthworms in organic 
farming could be that organic production depends more on a high, sustained supply of organic 
substance from plant residues and manure than conventional farming, which can rely at least 
partly on the mineral supply of nutrients. Organic rotations and particularly the inclusion of 
grass leys, preferably of several years (>2 years), into farming systems tend to favour earth-
worms because of the beneficial effects of organic matter additions and leys (Rhône-Poulenc 
1997, Neale 1998, Scullion et al. 2002). However, organic farming systems rely more on 
mechanical weed control and in certain crops, on intensive soil tillage as the use of synthetic 
herbicides is prohibited. This can have negative effects on other key species of soil mesofauna 
such as Collembola insects (springtails) (Krogh 1994).

Soil microorganisms

The soil microbial biomass serves as a labile source and an immediate sink of carbon, nitrogen, 
phosphorus (P) and sulfur (S) in soils and performs critical functions such as nutrient trans-
formation and pesticide degradation. Additionally, microorganisms form symbiotic associa-
tions with roots, control plant pathogens and participate in soil formation (Shepherd et al. 
2003). In order to characterise soil microbial activity, parameters like total microbial biomass, 
diverse enzymatic parameters, carbon turnover and mycorrhization (mycorrhizal soil fungi 
build up symbioses between fungus and plant) are used. Generally, pesticides affect the popu-
lation of microorganisms and fungicides tend to inhibit or kill soil fungi, including mycor-
rhizae (Johnson and Pfleger 1992, Scullion et al. 1998) which are particularly important in 
organic systems. At the same time, however, the evidence for increased microbiological activity 
under organic farming is mixed. Stolze et al. (2000) reviewed European research results and 
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found that an improvement of microbial activity correlated with the period soils were farmed 
organically. In comparison to conventional plots, several scientists found higher microbial 
biomass (Mäder et al. 1996, Fließbach et al. 2001), higher microbial activity and diversity (Beck 
1991, Fließbach and Mäder 1997, Fließbach 1998) as well as a higher efficiency in organic 
carbon turnover in organic plots (Mäder et al. 1995). Hole et al. (2004) reviewed 14 studies that 
investigated microbial communities under organic and conventional systems and found only 
limited differences (Yeates et al. 1997, Shannon et al. 2002, Girvan et al. 2003). However, they 
detected a general trend towards elevated bacterial (Bossio et al. 1998) and fungal (Yeates et al. 
1997, Shannon et al. 2002) abundance/activity under organic systems.

According to Raupp (1995), who reviewed the results of several experiments in Germany, 
Sweden, Denmark and Finland, the parameters of biological activity were influenced to differ-
ent degrees by types of organic fertilisers dependent upon type and quality of the applied 
manure and agronomic techniques (crop rotation, soil tillage). Scow et al. (1994) found in the 
Sustainable Agriculture Farming Systems (SAFS) Project (USA) that after 4 years, microbial 
biomass levels were consistently higher in organic and low input systems than in conventional 
systems, while plant parasitic nematode numbers were also consistently lower.

Concerning soil fungi, Elmholt (1996) found a larger number and abundance of sapro-
phytic soil fungi with a higher potential of decomposition of organic material. Furthermore, 
the degree of mycorrhizal root colonisation was found to be significantly greater in organic 
plots than in conventional plots (Mäder et al. 2002).

Shannon et al. (2002) reported recent work under United Kingdom (UK) conditions and 
concluded that differences in the size, activity and diversity of the soil microbial biomass were 
subtle, rather than dramatic. They found no consistent differences between organic and con-
ventional farming. A possible explanation for the differing results could be that the level of 
biological activity changes very slowly in response to altering fertilisation levels and cultiva-
tion techniques. This could explain why no differences in microbial activity between organic 
and conventional plots were observed in several on-farm investigations (Maidl et al. 1988, 
König et al. 1989, Necker et al. 1992). Several authors state that any experiment trying to assess 
these changes requires 8–10 years of post-conversion farming (Peeters and van Bol 1993, Rinne 
et al. 1993).

Since 2002, the International Federation of Organic Agriculture Movements (IFOAM) has 
regulated total copper input on organic farms to a maximum of 8 kg ha–1 y–1. These restric-
tions acknowledge the potential for copper levels in orchard topsoil to accumulate with 
repeated application. Van Zwieten et al. (2004) have demonstrated that copper residues origi-
nating from fungicide application reduce soil microbial biomass while stressing the microor-
ganisms. Therefore, it is necessary to better evaluate the potential impacts of copper 
contamination in agricultural land. In order to reduce the bioavailability of existing residues, 
management strategies and technologies need to be developed.

On ferralitic soils of the tropics and subtropics, mineralisation occurs much faster than on 
soils typical of temperate and continental zones. Consequently, a high organic matter content 
and high biological activity are essential for sustainable soil fertility. The beneficial impacts of 
organic farming on biological activity, micro-organisms and soil organic matter content are, 
therefore, particularly important for soils in the tropics and subtropics (Alföldi et al. 2002).

Soil structure
The environmental importance of a favourable soil structure lies in an improved resistance to 
structural soil damage, such as compaction and erosion. Soil structure can be measured by 
several physical parameters, such as the stability of aggregates, coarse pores, air capacity and 
water holding capacity. The maintenance of a favourable soil structure is a major concern in 
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organic farming systems. Favourable rooting conditions as a result of microbial activity and a 
good exchange of water and air ensure improved spatial and chemical availability of nutrients 
(Stolze et al. 2000).

Stockdale et al. (2001) reported evidence of increased aggregate stability under organic 
farming (Jordahl et al. 1993, Gerhardt 1997, Siegrist et al. 1998). Reganold (1995) showed sig-
nificant differences in soil structure when 16 fields of biodynamic or conventional commercial 
farms were compared in a paired study in New Zealand. There were also highly significant dif-
ferences in total topsoil C and a range of physical parameters (e.g. reduced bulk density and 
penetration resistance and increased topsoil depth under organic and/or biodynamic farming). 
Reganold (1988) undertook a similar paired study on a conventional and an organic farm in 
the USA and again found improved physical properties under the organic system. In contrast, 
Stolze et al. (2000) found that in most relevant long-term trials in Europe no significant differ-
ences in soil physical parameters, like macropore volume, bulk density and soil stability, could 
be detected between organic and conventional farming systems (Meuser 1989, Alföldi et al. 
1993, Niggli et al. 1995). Again, a long time of organic management and longer term changes 
may be more important than short-term effects.

Erosion
Soil erosion by wind and water is assumed to be the main cause of soil degradation worldwide 
(Oldeman 1994, Pimentel et al. 1995). The loss of fertile topsoil by erosion results in a lower 
yield capacity, and in an undesired transfer of nutrients, pesticides and sediments in surface 
water. Although erosion partly depends on site-specific risk factors, such as topography and 
climate, the extent of damage by soil erosion can be limited by farm management practices. 
The C-factor (tillage and coverage factor) describes soil losses on a slope relative to soil losses 
at full fallow (Schwertmann et al. 1990) as figured in the Universal Soil Loss Equation (USLE). 
Organic farming systems are usually characterised by a lower C-factor and a reduced erosion 
risk because of the wider crop rotations (Stolze et al. 2000). In addition, soil management tech-
niques like organic fertilisation, mulching and cover cropping improve soil structure and, 
therefore, increase the water infiltration and retention capacity, and thus reducing the erosion 
risk substantially. These management techniques are particularly relevant on the porous ferra-
litic soils of the tropics and subtropics to reduce the soil erosion risk after heavy rainfall (Alföldi 
et al. 2002).

However, highly effective soil erosion minimising measures like direct drilling and mulch 
drilling can be found more often on conventional farms than on organic farms as these 
measures require a herbicide-based management (Dabbert and Piorr 1999, Stolze et al. 2000). 
Comparative data for erosion under organic and conventional systems are rare (Unwin et al. 
1995). There are only a few studies and the most cited is that of Reganold (1988), who compared 
the long-term effects (over 40 years) of organic and conventional farming on selected proper-
ties of the same soil on farms near Spokane in Washington, USA. The organically farmed soil 
did not only have a thicker topsoil but also had a significantly higher organic matter content 
and less soil erosion than the conventionally farmed soil. In the long-term DOK-trial carried 
out by the Swiss FiBL (Fließbach et al. 2001) relevant soil parameters of conventionally and 
organically farmed soils were compared. One of the results was that organic soil management 
improved soil structure by increasing soil activity, thus reducing the risk of erosion (Alföldi et 
al. 2002).

In conventional farming in the tropics, even flat soil gets eroded as a result of the use of 
herbicides and the lack of soil cover; however, organic farming can counter erosion success-
fully. In trials on a Cuban citrus plantation, the Cuban Citrus Institute and Swiss FiBL used 
locally adapted leguminous crops and were able to restore degraded soils very quickly, to suc-
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cessfully suppress weeds, to fix nitrogen and prevent erosion (Alföldi et al. 2002). Parrott and 
Marsden (2002) report that the shift to biodynamic methods in the Ambootia Tea Estate (Dar-
jeeling, India) has significantly reduced problems of soil erosion and risk of landslide, and 
increased retention of soil moisture in an area with very seasonal rainfall.

Desertification

Since organic farming techniques have the potential to improve soil fertility, soil structure and 
moisture retention capacity, organic management provides solutions to the problems associ-
ated with desertification (degradation of drylands). Relevant techniques in this context include 
composting, mulching, use of cover crops, intercropping, the use of supplemental organic fer-
tilisers and mineral fertilisers (e.g. rock powder, rock phosphate, potassium sulfate). Addi-
tional benefits are provided by the frequent use of endemic species which are more adapted to 
climate stress, as well as the use of water preserving and agroforestry techniques (Djigma et al. 
1990, Harris et al. 1998). With a high level of organic matter and permanent soil cover, the 
water and nutrient retention capacity is increased and microorganisms create a stable soil 
structure. Organically managed soils, therefore, tend to be more resilient to water stress and to 
nutrient loss. The high moisture retention capacity can substantially reduce the amount of 
water needed for irrigation (Alföldi et al. 2002).

The organic farming’s potential for countering desertification is demonstrated by some 
practical examples in arid areas. In Kenya, the International Centre for Research in Agrofor-
estry (ICRAF) runs organic farming projects to fight drought (Stolton 1997). Agroforestry 
systems generate multiple benefits, including erosion control and moisture retention (Alföldi 
et al. 2002). The organic farm Fazenda Tamanduà in Brazil is situated in an arid area severely 
affected by salinisation resulting from inappropriate irrigation techniques. It is a certified 
organic farm with more than 3000 ha of which 650 ha are cropped with mango trees. Conven-
tional agriculture in the area uses the water from the rivers and causes further salinisation by 
overirrigation. By using only rainwater, the Fazenda Tamanduà avoids the depletion of water 
resources and reduces soil salinisation considerably. Fertilisation regimes include grazing 
cattle under mango trees as well as application of composted manure (Alföldi et al. 2002).

According to Harris et al. (1998) organic farming offers a favourable option in arid areas, 
but has to face constraints such as a lack of knowledge, lack of organic materials, land-holding 
constraints and the perception of organic farming as being old fashioned. The examples above 
have shown the potential benefits of organic farming for countries hit by desertification. 
Organic management could be a key to bringing degraded land back into production and 
therefore significantly contribute to the solutions of the world food problem. Governments 
would need, however, to actively promote organic farming systems and land reform (Alföldi et 
al. 2002).

Ground and surface water
The harmful effects of intensive agriculture on ground and surface water are caused mainly by 
the following practices (Stolze et al. 2000, Alföldi et al. 2002):

•	 excessive application of mineral N fertilisers, nutrient surpluses and a high level of 
available nitrogen after harvest;

•	 high organic fertilisation level in combination with high stocking rates;

•	 contamination of water with synthetic pesticides; and

•	 lack of a protective soil cover, a narrow crop rotation and frequent tillage.
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In areas where water is scarce (e.g. in the Mediterranean countries and in arid and semiarid 
zones), excessive water use, particularly for irrigation, is a problem. National standards for 
organic farming in Europe set up limits for irrigation in order to conserve water resources 
(David et al. 1996).

Nutrient use and balance
The general conclusion that can be drawn from the literature is that organic farms often have 
smaller nutrient surpluses than conventional farms. Obviously, the same farm types need to be 
compared because livestock farms often have higher nutrient surpluses. It follows that in 
organic farming, the risk of water and air contamination as a consequence of nutrient sur-
pluses tends to be lower (Stolze et al. 2000, Shepherd et al. 2003).

Restrictions in organic standards include a ban of mineral N fertilisers and a limitation of 
livestock density. More characteristic of organic farms, therefore, is that N tends to be a 
minimal factor, particularly on arable farms. Since the opportunity costs to produce N on-
farm in organic systems can amount to from seven to 16 times the cost of mineral N fertilisers 
(e.g. Stolze 1998), it is of particular economic interest to avoid N losses. As far as nutrient defi-
ciencies are concerned, Unwin et al. (1995) argue that the medium-term effects of an unbal-
anced nutrient supply are likely to take the form of a reduction in economic performance 
rather than environmental detriment.

Nitrate leaching
As a result of fertiliser or manure applications as well as N fixation by leguminous crops, N 
accumulates in the soil. Nitrate leaching occurs when the amount of nitrate in the soil exceeds 
the plant’s requirements and when water from rain, irrigation or snowmelt moves through the 
soil into the groundwater. Nitrate in water can lead to toxic contamination of drinking water 
for humans and animals, as well as an eutrophication with excessive algal growth. The most 
common parameters used are the nitrate leaching rate and the potential for nitrate leaching 
(Stolze et al. 2000).

Variation in leaching from individual fields is large both in organic and conventional agri-
culture. Many organic systems operate at a lower level of N intensity than conventional systems 
because of lower stocking rates and fertilisation levels. Another reason for lower N losses in 
organic farming is that their application is bound to organic manure and its corporation into 
the soil. Straw-based manure, common in organic farming, reduces the nutrient availability 
and the risk from run off in comparison to slurry. Other organic farming practices which 
minimise losses are wide crop rotations, soil cover during winter, intercrops, underseeds and 
fallows of several years (Nocquet et al. 1996, Dabbert and Piorr 1999, Shepherd et al. 2003).

Nitrate leaching in meadows, where herbage is removed from the field, are generally small. 
Greater losses occur where pastures are grazed because of the large returns of N in excreta. The 
flush of N mineralisation following the ploughing up of leys is another feature of organic 
systems that possibly increases the risk of nitrate leaching (Stopes and Philipps 1992, Scheller 
and Vogtmann 1995). Leaching from arable land is increased where fertiliser rates exceed crop 
requirements. In particular, losses are associated with the temporary nature of annual crops 
and, sometimes, the lack of synchrony between release of N from organic matter and crop 
uptake. Improving the fertility of organically farmed soils by building up the content of SOM 
and incorporating organic residues and manures may increase this risk (Shepherd et al. 
2003).

Taking all these factors into account, overall leaching losses from organic farms tend to be 
less than from conventional farms (Edwards et al. 1990, Younie and Watson 1992, Eltun 1995). 
Using a modelling approach, Condron et al. (2000) found that conventional dairy farms in 
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New Zealand had higher annual losses than organic dairy farms. Farm comparisons in Europe 
presented by Stolze et al. (2000) show that nitrate leaching rates in organic farming in most 
studies are significantly lower than those of conventional systems. However, if the nitrate 
leaching rate is related to the output of grain and milk, organic systems tend to perform simi-
larly or even worse.

The farm level data are supported by the results of nitrate screening. Large-scale surveys in 
water protection areas in Germany and Denmark indicate that organic farming results in a 
lower or at least similar potential for nitrate leaching into ground and surface water. The 
absolute values generally did not exceed critical levels. As a result of improved conventional 
(integrated) management of mineral N fertilisation, or systems using extensification measures 
especially in water reclamation areas with strict regulatory standards and extensive control 
measures, differences between organic and conventional systems have become smaller recently 
(Piorr and Werner 1998).

Even though scientific results from other climatic zones are scarce, positive effects of 
organic farming on the nitrate leaching risk can be reported from a citrus farm in Cuba. Under 
organic fertilisation management based on composting with 60 kg N ha–1, the farm achieved 
exactly the same yield level as under conventional fertilisation management with 200 kg of 
mineral N. This example shows that organic fertilisation management can help reduce the risk 
of nitrate leaching, especially under extreme climatic conditions (Kilcher 2001).

Although not all the results showed that organic farming results in less nitrate leaching 
than conventional farming, a strong tendency towards a decreased risk of nitrate leaching can 
be deduced. Losses after ploughing of leys for instance, can be large. But the growing con-
sciousness of problematic phases in crop growth or cultivation has resulted in improvements 
in organic management practices. The remaining differences may decline as conventional fer-
tiliser practices improve under increasing regulatory pressure (Stolze et al. 2000, Shepherd et 
al. 2003).

Phosphorus
The main pathway for P losses is by movement of soil particles (i.e. together with soil erosion). 
Leaching is a much smaller and a more site-limited effect. Although the quantities of P lost 
from farmland are usually small in agricultural terms, losses of a few kilograms of P per 
hectare are sufficient to be of environmental concern (Shepherd et al. 2003). Leaching is most 
likely on deep sandy soils or high organic matter soils with little capacity to adsorb P (Sims et 
al. 1998, Haygarth and Jarvis 1999).

Data on P leaching and runoff from organic agriculture are scarce. As nutrient balances for 
organic farms rarely show a significant surplus of P, losses are assumed to be small (Edwards 
and Withers 1998). A more reliable indicator to determine losses could be the differences in 
the dominant loss pathways in livestock and arable farming.

Because of the relatively infrequent use of P and potassium (K) fertilisers in organic farming 
(e.g. rock phosphate, sugar beet processing waste), organic systems have been criticised for 
exploiting reserves of P and K built up by conventional farming (Nguyen et al. 1995, Greenland 
2000, Oehl et al. 2002). Some authors have reported a decline in the concentration of extracta-
ble P and K in soils after conversion to organic management (Haraldsen et al. 2000, Løes and 
Øgaard 2000), but this decline does not always occur, even where budget deficits of P and K are 
measured (Watson et al. 2000). Gosling and Shepherd (2005) have researched long-term (over 
15 years) changes in soil fertility in organic farming systems in England. Their results support 
the argument that organic arable systems are mining reserves of P and K. Therefore, they state 
that changes to organic management practices are required in order to increase inputs of P and 
K, if long-term declines in soil fertility are to be avoided. In the case of broadacre organic 
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farming in Australia, soil available P has declined to levels where yields are being compro-
mised and the sustainability of the farming system is being questioned (Penfold 2000).

Pesticides
The term ‘pesticide’ covers a wide range of chemicals (e.g. fungicides, herbicides, insecticides, 
acaricides, algicides, lumbricides, molluscicides, nematicides, rodenticides, plant growth regu-
lators). Pesticide use in organic farming is very restricted. Only a few pesticides are approved 
for organic use (e.g. sulfur, copper, natural pyrethroids) and tend to be used only as a last 
resort for minority or protected crops. Synthetic pesticides are completely banned (Shepherd 
et al. 2003). In addition to the pollution of surface and groundwater, there is also a risk of air 
and soil contamination.

Many reviews come to the same conclusion: because synthetic pesticides are not permitted 
for use in organic agriculture, the risk of contaminations of air, soil and water in this respect is 
avoided (Condron et al. 2000, Stolze et al. 2000, Hansen et al. 2001, Stockdale et al. 2001). 
According to Unwin et al. (1995), the spraying of pesticides permitted in organic farming is 
connected with a comparatively negligible risk due to low volatility. The exposure of certified 
biocides is measured at extremely low levels when compared to conventional systems in organic 
permanent crops, these being more prone to pests and diseases (Kabourakis 1996). The appli-
cation of powdered and fluid substances permitted by organic standards may cause a short-
time impairment of air quality (Stolze et al. 2000).

The impact of pesticides on water quality in organic systems has rarely been studied (Stock-
dale et al. 2001). Again, however, most of the water contamination comes from herbicides used 
in conventional farming. There is some debate about the disposal of sheep dip and the relative 
risks of pyrethroids versus organophosphates. Organic farmers only use the former and they 
are potentially more damaging to aquatic habitats.

Pathogens
Pathogenic organisms from livestock can contaminate surface waters used for drinking, 
bathing or irrigation. The application of organic manures to agricultural land is one route by 
which pathogens may be introduced into the human food chain. There are only few data avail-
able on the relative risks of pathogen transfer from organic and conventional farming 
systems.

Pathogen levels can decline during manure storage, particularly if solid manure is actively 
composted to increase the temperature of the heap (Kudva et al. 1998, Himathongkham et al. 
1999, Nicholson et al. 2002). Thus, it might be concluded that biodynamic farming provides a 
lesser risk because manures are more often composted. So far, there are no data to prove this, 
but research is on-going (Shepherd et al. 2003).

The overuse of antibiotics and pesticides in conventional farming, in horticulture and 
especially intensive enterprises like poultry farming, has the potential to lead to drug resist-
ance of pathogens and consequently to the contamination of the environment and the food 
supply (APHA 2002, Allersberger et al. 2003). In organic farming, the use of regular synthetic 
veterinary medicines is restricted and the use of antibiotics for preventive treatments prohib-
ited (Kijlstra et al. 2003). Therefore, organic agriculture does not carry the same risk as con-
ventional agriculture.

Climate and air
Global climate change (greenhouse effect) is considered one of the most urgent environmental 
problems. The gases carbon dioxide (CO2), nitrous oxide (N2O) and methane (CH4) mainly 
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contribute to the greenhouse effect and are largely, directly or indirectly, as a result of the 
burning of non-renewable resources. On a global scale, agriculture is responsible for roughly 
15% of the trace gas emissions with climatic impact (Burdick 1994, Cole et al. 1997, Stolze et al. 
2000). However, agriculture also provides a sink for CO2 because of the fixation of carbon by 
crops and pasture.

An important side-effect of global warming could be that cultivation zones will shift pole-
wards and that agricultural yields will be affected. Reilly et al. (1996) and others expect that 
extreme climatic events will occur more frequently and that this will jeopardise plant 
production.

Carbon dioxide
Carbon dioxide emissions from the agricultural sector in OECD countries are estimated at less 
than 1% of overall CO2 emissions (IPCC 2001). Net emissions of CO2 from agriculture depend 
upon the direct and indirect use of fossil fuels, and on the amount of carbon sequestration in 
soil organic matter and crop growth (Shepherd et al. 2003).

In order to compare farming systems CO2 emissions need to be differentiated between the 
emission due to the burning of fuel (direct energy) and the fuel used for the production and 
transport of fertilisers, machinery and synthetic pesticides (indirect energy). Haas et al. (1995) 
found that 70% of CO2 in organic farming resulted from fuel consumption and the production 
of machinery, whereas 75% of the CO2 emissions in conventional systems were due to N ferti-
lisers, feedstuff and fuels.

On a per hectare scale, most studies found lower (up to 40–60%) CO2 emissions in organic 
systems (Burdick 1994, Haas and Köpke 1994, Stolze et al. 2000). The main reasons for these 
positive effects are the renouncement of the use of mineral N fertilisers with high energy con-
sumption, lower use of high energy consuming feedstuffs and mineral fertilisers as well as the 
elimination of pesticides. But, on a per unit output scale, which mainly depends on the yield 
that is achieved, CO2 emissions tend to be higher in organic farming.

Carbon sequestration
According to Tilman (1998), soil carbon levels have decreased under agricultural land use. 
Therefore, sustainable agricultural strategies including recycling of organic matter, tightening 
nutrient cycles, and low-tillage or no-tillage practices may rebuild organic matter and reduce 
losses from the system. Haas and Köpke (1994) calculated that, despite generally lower crop 
yields, plant productivity in organic farming accounts for almost the same organic matter 
return as in conventional systems. Drinkwater et al. (1998) found over a 15 year period that 
mixed farming with manure application and the combination with other organic farming 
techniques lead to significantly higher organic matter levels in soil as compared to conven-
tional farming.

There is a huge potential for CO2 sequestration, which differs for tropical and temperate 
countries. Developing countries, mostly in the tropical belt, have a 30–60% higher potential 
than industrial countries, mainly located in temperate climatic regions. Agroforestry holds the 
highest potential of agricultural carbon sequestration in tropical countries and is seen as a viable 
alternative to slash-and-burn agriculture in the humid tropics (Kotschi and Müller-Sämann 
2004). Simple agroforestry systems with one species (e.g. oil palm, rubber) can regain 35% of the 
original carbon stock of the forest, which is three times more than cropland and pastures (Palm 
et al. 2000). Extensive research on the situation and on the potential impact of agroforestry has 
been undertaken by ICRAF for East and Southern Africa. Carbon stocks can be tripled over 25 
years, similar results can be assumed for subhumid West Africa and subhumid South America, 
but there is little researched evidence (FAO 2001). Sound technologies have been developed to 
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sequester additional carbon in cropland management and in agroforestry and they are systemati-
cally applied and improved in organic farming. The evidence of their performance is still frag-
mentary, however, and does not allow regular comparison and quantification for the various 
agroclimatic regimes and socioeconomic patterns (Kotschi and Müller-Sämann 2004).

Burdick (1994) concluded that organic farming enables ecosystems to better adjust to the 
effects of climate change and it also offers a major potential to reduce the emissions of agricul-
tural greenhouse gases. Moreover, mixed farming and the diversity of organic crop rotations 
are protecting the fragile soil surface and may even counteract climate change by restoring the 
organic matter content (Haas and Köpke 1994). The carbon sink idea of the Kyoto protocol 
may therefore be accomplished efficiently by farming organically (Alföldi et al. 2002).

Nitrous oxide
Nitrous oxide contributes severely to global warming and the depletion of ozone in the strato-
sphere (Crutzen 1981, Bouwman 1996). Almost 90% of the global atmospheric N2O is formed 
during the microbial transformation of nitrate (NO3

–) and ammonia (NH4
+) in soils and 

water. In OECD countries the agricultural contribution to N2O emissions is estimated at 58% 
(IPCC 2001). Soils fertilised with inorganic fertilisers and manure stores are seen as the largest 
sources (Chadwick et al. 1999, Brown et al. 2002).

Nitrous oxide emissions are very difficult to measure and, therefore, have been related to 
the total N input in the form of fertilisers, manures and crop residues (Flessa et al. 2002). Con-
sequently, it has been largely assumed that, because organic farming operate at a much lower 
intensity, with lower N inputs and less available mineral N in both manures (Shepherd et al. 
1999) and soils, N2O losses will also be lower (Köpke and Haas 1994, Stolze et al. 2000, Alföldi 
et al. 2002). However, until recently there have been no quantitative comparisons between 
organic and conventional systems. Within conventional agriculture, the main risks arise from 
manures and from the waterlogging of soils by heavy rainfall following fertiliser application. 
Within organic farming, the main risks come from manures and the incorporation of residues 
from legumes. In the absence of direct measurement, one may assume that the amount of N2O 
lost per unit of yield is unlikely to differ to that from conventional systems, but losses per unit 
area may differ, depending on the cropping system and input of organic manures (Stolze et al. 
2000, Shepherd et al. 2003).

Methane
Schönwiese (1995) calculates the CH4 share in the greenhouse effect of about 2.5% and agri-
culture is believed to account for roughly two-thirds of the total human-generated CH4 
(Watson et al. 1996). While paddy rice fields, cattle feedlots and the burning of biomass con-
tribute to methane emissions, about 75% of methane on farms is emitted directly from 
ruminant animals, from digestive processes and excretion (Stolze et al. 2000, Alföldi et al. 
2002, Shepherd et al. 2003).

In order to assess the overall methane emissions from farming systems, several factors like 
animal numbers and type, diet and manure management system need to be considered as well 
as their interactions. Diets, that are high in roughage, for example, will release higher rates of 
methane than diets high in starch. This may result in higher emissions from organic systems, 
where diets tend to be high in roughage and low in concentrates (Shepherd et al. 2003). The 
higher proportion and lower productivity of ruminants in organic farming may lead to slightly 
higher CH4 emissions. But according to Alföldi et al. (2002), standards and breeding programs 
in organic systems aim at longevity in order to prolong the productive period in relation to the 
‘unproductive’ life of young cattle. Correspondingly, the ‘unproductive’ CH4 emission of calves 
and heifers may be reduced (Sundrum and Geier 1996).
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Comparative empirical studies on CH4 emissions in different farming systems are scarce. 
Flessa et al. (2002) compared a conventional and an organic farm rearing beef cattle in southern 
Germany and calculated that CH4 emissions were about 25% higher on the conventional farm.

On the basis of the literature reviewed and expert knowledge, only the following conclu-
sions (based mainly on studies for milk production) can be drawn: as a result of lower stocking 
densities, organic farming might have a lower CH4 emission potential on a per hectare scale, 
whereas per unit output, the CH4 emission potential tends to be higher than in conventional 
farming (Stolze et al. 2000, Shepherd et al. 2003). However, in the absence of extensive solid 
data, no significant differences between the two farming systems with respect to CH4 emis-
sions can be identified.

Ammonia
Ammonia does not contribute to the greenhouse effect, but causes acidification and eutrophi-
cation when redeposited to soils and water and can damage sensitive habitats (Roelofs and 
Houdijk 1991). In agriculture, livestock production, in particular, accounts for the main part 
of NH3 emissions. Ammonia is produced when urea in urine and dung comes into contact 
with the enzyme urease, which can be found in both manure and soil. Therefore, animal 
housing, manure stores and the spreading of manures to land are major sources of NH3 
(Shepherd et al. 2003). There has been a large amount of research into NH3 emissions from 
conventional animal production but only a few studies specifically on organic farms (Stock-
dale et al. 2001).

Differences in dietary N intake and N excretion, housing system and period, manure storage 
and spreading, and livestock density will affect the amount volatilised (Stolze et al. 2000). Since 
organic systems operate at a lower level of intensity, NH3 losses may be lower too.

Emissions from housed animals are considered to be greater than those from grazed, as 
urine is quickly absorbed into soils. In organic systems, maximum grazing is recommended, 
which tends to reduce housing periods. Therefore, the potential for ammonia loss is likely to be 
less, although this has not been tested (Stolze et al. 2000). Straw-based systems also tend to 
have lower emission rates than systems based on slurry; the latter are more common in con-
ventional farming (Pain et al. 1998). Furthermore, much evidence suggests that ammonia 
losses are greater from composted manures compared to those which are just stockpiled 
(Shepherd et al. 1999, Gibbs et al. 2000).

Studies in Europe reviewed by Stolze et al. (2000) suggest that organic farming tends to 
bear a lower potential for NH3 emissions than conventional farming systems. In a scenario of 
complete conversion to organic farming, Köpke (2002) estimated a potential reduction of acid-
ification by more than 30%, caused mainly by reduced ammonia emissions. In contrast, 
Unwin et al. (1995) provides a risk assessment upon which NH3 emissions will not necessarily 
be lower in organic farming than in conventional. In the absence of direct measurements, one 
may assume that the amount of NH3 lost per unit of yield is unlikely to differ to that from con-
ventional systems, but that losses per unit area are likely to be less, due to lower livestock densi-
ties (Shepherd et al. 2003).

Energy
The OECD (1997) proposed to use energy intensity and efficiency as appropriate indicators to 
measure and evaluate energy use. The corresponding parameters are:

•	 energy consumption (per hectare and per output); and
•	 energy efficiency (input/output ratio).
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Several studies have been conducted on energy use in organic farming systems that differ 
in methodology and in the boundaries of the systems being studied. Furthermore, there is no 
clearly defined system of conventional farming, which ranges from high input intensive 
systems to near-organic systems. Therefore, it is difficult to make meaningful comparisons. 
This must be taken into account when drawing conclusions from studies that compare organic 
and conventional systems (Refsgaard et al. 1998).

Intensity of energy use
Direct on-farm consumption of fossil energy (e.g. for fuel and oil) needs to be distinguished 
from indirect energy consumption, which results from the production of synthetic fertilisers 
and pesticides, the transport of imported feedstuffs and from investment goods such as agri-
cultural machinery (Stolze et al. 2000).

Inputs of direct energy per unit area in the long-term DOK trial in Switzerland were similar 
across conventional, low input and organic systems (Alföldi et al. 1995). Since basic operations 
such as ploughing, cultivation, sowing and harvesting are likely to be similar, reduced fuel 
costs in organic systems due to the absence of most pesticide applications and lower harvesting 
energy inputs because of lower yields, are more or less balanced by increased fuel use for 
mechanical weed control.

Inputs of indirect energy tend to be substantially lower in organic systems. The major dif-
ference is the greater energy use in conventional systems to produce and transport fertiliser, 
particularly N fertilisers (Alföldi et al. 1995, Cormack 2000, Stolze et al. 2000).

If both direct and indirect energy use are considered together, calculations of energy con-
sumption per hectare indicate that organic farms use less energy than conventional farms 
(Haas and Köpke 1994, Kalk et al. 1996). Lampkin (1997) calculated that average energy con-
sumption on organic farms amounts to 64% of conventional farms. Zarea et al. (2000) in Iran 
and Fließbach et al. (2001) in Switzerland determined that the energy consumption of organic 
farms amount to 30% to 50% of conventional farms. For organic potatoes and apples, energy 
consumption per output unit is higher relative to conventional production. This is the result of 
a higher energy input for mechanical measures like weed control and the lower mineral N fer-
tiliser use in conventional production (Alföldi et al. 2002).

Barbera and La Mantia (1995) found lower energy consumption on organic farms for olive 
and citrus production in Sicily (Italy), both with regard to energy consumption per hectare 
and per output unit. A comparison of the energy use per hectare for organic and conventional 
farming (e.g. in UK, USA, the Philippines) showed a 30% to 70% lower consumption per unit 
of land for organic systems (Pretty and Ball 2001).

Efficiency of energy use
There are varying results on the energy efficiency of different farming systems. In many 
organic systems, the yield of crop and animal products is less than in conventional systems 
(Alföldi and Niggli 1994, Stockdale et al. 2001). However, the size of the differences will depend 
on factors such as farm type, soil type, climate and the intensity of production (Shepherd et al. 
2003). Furthermore, no standardised scheme for calculating energy use efficiency exists. 
Shepherd et al. (2003) state that analysis should take account of overall farm energy balance 
and also include activities that are not crop specific (e.g. handling and application of manures 
and fertilisers, winter catch crops, use of fallows for weed control). However, apart from a few 
studies based on long-term rotation experiments (Alföldi et al. 1995, Hülsbergen and Kalk 
2001) these energy inputs have not been considered. Thus, comparing individual research 
results in this context is only of limited value (Stolze et al. 2000).
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Nguyen and Haynes (1995) found little difference in overall energy efficiency when they 
compared mixed sheep and arable farms in New Zealand. But they noted that the conventional 
farms relied more on legumes for N supply, and therefore were more energy efficient than 
European equivalents. Smolik et al. (1995) compared conventional, minimum tillage and 
alternative (equivalent to organic) systems of growing soya, wheat and barley over seven years 
in South Dakota, USA. Overall, the alternative system had the greatest energy efficiency. The 
minimum tillage system had the lowest efficiency because reduced direct energy input, as 
tractor fuel, was more than balanced by increased fertiliser and herbicide energy input.

Comparing rotations of different productions systems in Iran, Zarea et al. (2000) found the 
energy efficiency of organic farming to be 81% better compared to high-input conventional 
farming. In a similar investigation in Poland, Kus and Stalenga (2000) calculated a 35% higher 
energy efficiency of organic compared to conventional farming.

Overall, the literature review suggests that organic methods generally use less energy per 
unit area and per unit of output, both for individual crops and livestock types, as well as on a 
whole-farm basis. Again, however, the setting of system boundaries, methods of calculating 
the energy values of inputs and methods of calculating energy use efficiencies vary substan-
tially between studies. Comparisons across studies are hardly possible – there is an urgent 
need for a commonly agreed standard methodology (Shepherd et al. 2003).

Conclusions

Is organic farming more en�ironmentally friendly?
The evidence presented in this chapter indicates that there is wide agreement that organic 
farming comes closest to an environmentally friendly agriculture (Table 12.2). Particularly 
pronounced is the significant level of pesticide pollution in conventional agriculture; in organic 
farming, in contrast, there is only a very limited use of pesticides. The differences are likely to 
hold whether assessed per area or per unit of food produced (Shepherd et al. 2003). A second 
major area where organic farming is more environmentally friendly is soil conservation. Soil 
care is a guiding principle in organic agriculture. It is expressed in higher levels of soil organic 
matter, the active promotion of soil biological activity, more balanced nutrient cycles and lower 
soil erosion risks. A third main benefit is the expressed goal to enhance biodiversity: organic 
farming depends upon intact ecological balances and favourable biological processes expressed 
in ecological services like pollination or pest control by natural predators (Alföldi et al. 2002). 
Stolze et al. (2000) and others conclude that organic farming creates more favourable condi-
tions at the species and ecosystems level of f loral and faunal diversity than conventional 
farming systems.

Less affirmative, though not necessarily less favourable than for conventional systems, is 
the evidence that has been presented in fields like pollution of water resources and the food 
chain with pathogens (due to the more pronounced use of organic fertilisers and manure). The 
same applies to the emission of N2O and CH4 (because manure stores are seen as a major 
source and because, on an output unit scale, the CH4 emission potential tends to be higher in 
organic farming).

Organic agriculture is not exempt from the trend of intensification. Therefore, Reiter and 
Krug (2003) and others stress that the increasing economical pressures endanger the positive 
aspects of organic farming. In order to maintain the view of nature conservation of valuable 
grassland, for example, a very low intensity of production is necessary. But because of increas-
ing intensification, this is hard to realise (Hopkins and Hrabe 2001). The same economic 
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 pressures lead to a rationalisation of organic production that, in many respects, starts to 
resemble the rationalisation path of conventional agriculture (Knickel 2001). Field parcel sizes 
are being continuously increased, agricultural workers are being replaced by larger machinery, 
and livestock husbandry systems are becoming more rationalised and often more intensive. 
Clearly, organic farming has the potential to develop sustainable land use systems, but the 
motivation of farmers and financial support are the main factors required to achieve this goal 
(Van Mansveldt et al. 1998). Organic management could also be a key to bringing degraded 
land back into production and therefore significantly contribute to the solutions of the world 
food problem (Alföldi et al. 2002).

Organic farming in protected areas
Protected areas are dedicated to the protection and maintenance of biological diversity (as 
defined by the World Commission on Protected Areas). Since organic farming can support 
biodiversity, it offers an important agricultural management option (Stolton and Dudley 
2000b). In Italy (e.g. in Tuscany) or Germany (e.g. in biosphere reserves such as Schorfheide-

Table 12.2 Overview of the absolute and relative environmental impacts of organic farming 
compared with conventional farming (author’s compilation based on the empirical material 
presented in this chapter)
‘Absolute’ refers to the impact of organic farming on the environment and ‘relative’ refers to the relative impact in 
comparison with conventional systems.

Area Aspect En�ironmental impactA

Absolute Relati�e

Biodiversity Genetic diversity + +

Floral diversity + ++

Faunal diversity + +++

Habitat diversity +? +

Landscape Landscape structures and aesthetic value +? +

Soil Soil organic matter and acidity ? ++

Biological activity +? +++

Soil structure ? +

Erosion – ++/–

Desertification + +

Ground and surface 
water

Nutrient use and balance – ++

Nitrate leaching – ++/–

Phosphorus 0 +?

Pesticides – +++

Pathogens – –?

Climate and air Carbon dioxide (CO2) +? +?

Nitrous oxide (N2O) – +/-?

Methane (CH4) – ?

Ammonia (NH3) – +/–?

Energy Intensity of energy use na ++/–

Efficiency of energy use na +?
A  + = Slightly better; ++ = better; ++ = substantially better; ++/– = better with some aspects that are negative; +? = 

better with some uncertainties; +/–? = partly better and partly worse with some uncertainties; ? = unclear; – = 
negative impact; 0 = no impact or change; na = not applicable.
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Chorin), organic farming is specifically promoted in protected high nature value areas (Knickel 
2001, Stolton and Geier 2002, Kullmann 2003).

Not only in developed countries but also in the developing world the nature conservation 
agenda is one of the driving forces behind the growth of organic farming. A recent literature 
survey highlights examples where nature conservation organisations are working closely with 
local farmers who live in, or close to, areas of significant nature conservation interest (Parrot 
and Marsden 2002). The Estancia Itabo in Paraguay is an example. It is a protected area of 
5000 ha of high quality Interior Atlantic Forest where organic cultivation of yerba maté (Ilex 
paraguariensis) and the heart of the palm Euterpe edulis is in line with conservation goals 
(Pryor 2000). Another example is the buffer zone of the Ampay Forest Sanctuary in Peru, 
where organic farming practices are promoted (Flores-Escuerdo 2000). In the Meso-American 
Biological Corridor, a projected complex of protected areas and sustainable management 
stretching over seven countries, a range of sustainable land uses within buffer zones and 
linking areas have been explored, including certified forest management and organic agricul-
ture (Stolton and Dudley 2000a; Miller et al. 2001).

Future research needed
The main gaps in the literature (and presumably research) on the environmental effects of 
organic farming can be summarised as follows.

•	 Scientific evidence of the environmental impacts of organic farming for the Southern 
hemisphere is rare. More research on the environmental services and benefits or impacts 
of organic farming is urgently needed.

•	 The knowledge of the impacts of organic farming in pastoral and upland agriculture is 
limited. Therefore, a need for longitudinal, system-level studies that address these issues 
remains. Furthermore, well-replicated studies are required that follow the development 
of flora and fauna on organic farms during and after conversion, and compare them with 
neighbouring farms that continue with conventional management.

•	 The complexity of interactions between species and ecosystem functions are not yet fully 
explored so that simple biological indicators of soil productivity are yet to be identified. 
In particular, more research is needed on the interactions between the diversity and 
density of habitats in the agricultural landscape, and the performance of production 
systems. Both the positive and negative interactions between cultivated and uncultivated 
areas in organic farming systems need to be covered. Reliable indicators of a supposed 
functional integrity need to be developed.

•	 Comparatively few data are available on the effects of organic farming on wild animal 
groups (e.g. birds, mammals, amphibians, arthropods). There is particular urgency with 
regard to the questions of pollinators. Organic farming (like conventional farming) is not 
able to support highly specialised species which depend on complex mosaics of habitats. 
Strategies to optimise nature conservation within organic systems are therefore required 
(Reiter and Krug 2003). Particular attention should be given to developing organic 
farming practices that support the healthy functioning of the relevant ecosystem processes 
and functions.

•	 The basic principles of organic farming provide opportunities for the further development 
of high-quality landscapes and a cautious utilisation of sensitive areas (Noquet et al. 
1996). How precisely organic farms (can) contribute to landscape quality should become 
a main area of further research. There is, for example, little information available to 
compare habitat diversity in organic and conventional farming systems. Particular 
attention should be given to developing reliable indicators of both the positive and 
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negative interactions between cultivated and uncultivated areas in organic farming 
systems.

•	 Only very scarce research is available on the interrelationships with climate (change) and 
air pollution. Studies are needed which analyse CO2 emissions and accumulations of 
different farming systems in a net balance approach.

•	 The development of methodologies for evaluating landscape quality has just begun and 
quantitative research investigating the impacts of different farming systems on landscapes 
is scarce. Clearly, the development of methodologies that deal with landscape quality in 
an integral way deserves greater attention in order to assist the evaluation of environmental 
impacts (Hansen et al. 2001). Particularly little is known about the influence of organic 
agriculture to aesthetical attributes of the farming landscape. At the same time, the 
assessment of landscape in terms of an area’s visual character is likely to become 
increasingly important as public money is used to support delivery of ‘social goods’. How 
an organic farm can contribute to the landscape should be a main area of interest for 
further indicator development (Shepherd et al. 2003).

•	 There is an urgent need for a commonly agreed standard methodology for calculating 
energy use efficiency. Critical questions include the setting of system boundaries, the 
methods used for calculating the energy values of inputs and the methods used for 
calculating energy use efficiencies (Shepherd et al. 2003).

•	 As for the development of agrienvironmental indicators, there has been substantial 
progress since 1990. Particularly useful are the schemes developed by OECD, Eurostat 
and the European Environmental Agency (EEA). The main challenge is to apply these 
schemes in practice, because in many areas and in most parts of the world, an 
environmental monitoring that is sufficiently disaggregated in temporal and spatial terms 
is still rudimentary.
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Introduction
Soil tillage is often perceived to exert negative effects on organic farming systems. This percep-
tion likely stems from the consideration that tillage can deteriorate soil structure, disrupt eco-
logical niches for soil biota (e.g. earthworms and vesicular-arbuscular mycorrhizae) that have 
positive ecological functions in agroecosystems, enhance soil organic matter (SOM) minerali-
sation and impair SOM build up, increase risks of nutrient losses to the environment and of 
soil erosion and ultimately contribute to soil fertility loss and soil quality degradation. 
However, it would be incorrect to claim that soil tillage per se is the cause of these negative 
effects. Indeed, such effects are more appropriately associated with repeatedly wrong technol-
ogy application, such as the blanket use of deep mouldboard ploughing regardless of crop and 
environmental context, as it has been the typical long-term situation in conventional systems, 
like continuous wheat cropping in Southern Europe (Bàrberi and Lo Cascio 2001).

As the negative effects of tillage are often associated with conventional agriculture, and as 
one of the main goals of organic agriculture is to counteract and/or prevent negative aspects 
related to conventional systems management, it would seem logical to always associate organic 
systems management with tillage reduction. The aim of this chapter is to challenge this dogma 
through a reasoned analysis of the pros and cons of tillage in organic agriculture based on the 
rather scant scientific literature available, and underlining the need to conceptualise tillage 
management in a cropping system and environmental context. Lastly, differences between the 
expected effects of tillage management in conventional and organic systems will be 
discussed.

When tillage is important in organic agriculture
Organic systems rely on the application of organic amendments, green manures and other 
organic matter sources with the dual purpose of:

1 building up soil fertility through an increase in SOM quantity and quality; and
2 supplying adequate amounts of nutrients, especially nitrogen (N), to sustain crop growth 

and productivity.

This indirect approach to crop fertilisation, which clearly reflects the preventive, long-term 
nature of agronomic recommendations set forth in organic systems (IFOAM 2005), increases 

010602•Organic Agriculture 3pp.i295   295 30/4/06   4:44:57 PM



Organic agriculture: a global perspective296

the difficulty of meeting timely crop nutrient requirements, especially in environments char-
acterised by high climatic variation. For example in Wales, Adams and Jan (1999) observed 
that the optimum date (August–September) of incorporation of a clover ley differed between 
years due to different rainfall patterns, which affected nitrogen (N) leaching during the germi-
nation and early growth phases of the subsequent ryegrass crop. In temperate climates, some 
degree of biomass incorporation by tillage is usually required to trigger SOM mineralisation 
and consequent nutrient release, especially in stockless organic arable crop rotations (Schmidt 
et al. 1999). Drinkwater et al. (2000) showed that N release from vetch residues was quicker 
when incorporated by chisel or mouldboard ploughing as compared to mow-killed vetch with 
residues left on soil surface. In addition to crop growth and yield, biomass incorporation in the 
soil facilitated weed control and reduced soilborne pest and pathogen loads in several cases 
(Liebman and Davis 2000). However, this effect is controversial since in south-western Japan, 
Hidaka (1997) observed that the abundance of Sogatella furcifera (Horvath) (a rice insect pest) 
was much reduced while its most important predators (sedentary lycosids) increased in lower-
input organic farming systems based upon no tillage and winter legume surface mulch 
compared to traditionally managed organic paddy rice. Similarly, van Bruggen and Termor-
shuizen (2003) claimed that SOM conservation through reduced tillage application is a key 
element of integrated disease management because it favours the establishment of more equili-
brated soil microbial communities.

However, the main reason why some soil tillage is needed in organic systems is to facilitate 
weed management. Most studies that have analysed weed community dynamics following 
conversion from conventional to organic agriculture have shown increased weed problems 
(Belde et al. 2000), especially when reduced or no-till systems were adopted compared to 
organic plough-based systems (Gruber et al. 2000). In particular, no-till increases the abun-
dance of grasses, perennial weeds and anomochorous (wind-dispersed) species (Zanin et al. 
1997). These species are particularly favoured by reduced soil disturbance because of a lack of 
primary dormancy, vegetative propagation and possession of ecological traits favourable to 
site recolonisation, respectively. The same effect is usually observed in reduced or no-till con-
ventional systems, but direct (e.g. mechanical, thermal) weed control methods applied in 
organic systems are usually less effective than chemical herbicides. This reduces the selection 
pressure against weeds and hence the risk of undesired evolution in weed community compo-
sition (Bàrberi 2002), but accelerates the build up of weed seedbank densities that can more 
often turn into competitive weed stands. Also, minimum tillage coupled with organic fertili-
sation can increase the abundance of troublesome arable weeds like Galium aparine (McClos-
key et al. 1996). It can then be assumed that, at least in temperate regions, management of 
organic systems without returning to tillage from time to time would soon become unsustain-
able due to intolerable weed pressure, although this negative effect could be retarded by the 
adoption of an appropriately diversified crop rotation (Rasmussen et al. 1999).

When o�er-reliance on tillage can be troublesome
Whereas tillage may be necessary in organic systems, there are other cases in which the negative 
effects can overcome the benefits. This is the case in soils highly susceptive to erosion (e.g. 
sloping soils) and compaction (e.g. silty or heavy clayey soils). Pulleman et al. (2003) observed 
that soil compaction, although lower than in a conventionally managed arable crop rotation, 
was all but negligible in an organically managed one. It is then incorrect to assume that amel-
ioration of soil fertility parameters, as typical of organic management (see Conceptualising 
tillage management in organic agriculture), would always prevent these soils from undergoing 
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physical (e.g. structural) damage caused by overweighing machinery, especially when they 
have excess soil moisture content and are exposed to traffic.

Another case in which tillage may be deleterious is when the climate is conducive to high 
SOM mineralisation and thus to soil fertility depletion (e.g. in the humid tropics). Again, this 
effect is not exclusive to organic systems; nevertheless, in such conditions any soil disturbance, 
including mechanical weed control, should be avoided since it greatly accelerates microbial 
degradation of SOM. For this reason, organic systems management in these environments 
should always rely upon the regular application of organic amendments, surface mulching and 
conservation tillage practices (Eyhorn et al. 2002). However, in this situation even these prac-
tices would be unlikely to increase SOM content considerably. It is well known that SOM 
depletion makes soils frailer and hence more prone to erosion regardless of their innate erodi-
bility, thus any application of tillage under tropical conditions should always be carefully con-
sidered. In the arid Sudano–Sahelian area, however, regular manure application can partly 
counteract the negative effects of tillage on SOM content (Mando et al. 2005).

In contrast, organic farmers in cold temperate regions could have the opposite problem 
(i.e. insufficient nutrient release due to slow SOM mineralisation), thus some degree of tillage 
may be needed to aerate the soil and thus enhance microbial activity. Besides considering the 
already mentioned problems (e.g. pathogen and weed population build up), reduced tillage 
and/or mulch-based organic systems would probably retard crop emergence and early growth 
because of the well-known negative correlation between mulch and crop residue thickness and 
the temperature of surface soil layers.

Environmental impact of tillage
In general, the potential environmental impact of organic plough-based systems is assumed to 
be higher than those of systems based on non-inversion tillage, since the former are more det-
rimental to populations of beneficial arthropods and earthworms, and may increase nitrate 
leaching, pest and disease problems (see When tillage is important in organic agriculture).

However, appropriate crop rotation planning and timing of soil cultivation can greatly 
reduce N leaching in organic systems. In the United Kingdom (UK), Stopes et al. (1996) observed 
that about one-third of the total N accumulated by a red clover green manure crop (above-
ground biomass) was lost by leaching following cultivation in September before sowing a winter 
wheat crop. In contrast, delayed cultivation until the next spring substantially reduced nitrate 
leaching because the soil was protected by clover residues throughout the rainy winter season.

Deep plough-based organic systems may increase energy consumption in agroecosystems 
(Kouwenhoven et al. 2002), which is another important indicator of environmental impact. In 
contrast, mulch-based systems and systems in which manure is left on the soil surface or is shal-
lowly incorporated would enhance N volatilisation losses to the atmosphere. However, compared 
to ploughing, shallow incorporation (rotovation) of an organic ley did not significantly increase 
cumulative nitrous oxide (N2O) emissions from soil (van der Weerden et al. 2000).

There is little scientific literature available on the effect of different tillage systems on bio-
diversity in organic agriculture. Usually, the literature refers to comparisons between conven-
tional and organic systems in which almost invariably, biodiversity indicators (e.g. f loral, 
faunal, habitat, landscape diversity) show more favourable values for organic than for conven-
tional systems (Stolze et al. 2000). Organic systems may also help preserve endangered wild 
flora species which in conventionally managed agroecosystems would otherwise be shifted 
towards the brink of extinction (Albrecht and Mattheis 1998). However, these types of studies 
often do not consider that the functional value of biodiversity indicators (e.g. field margin 
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complexity and landscape diversification) may be different between conventional and organic 
systems because the aims of these systems differ. In organically grown wheat, Petersen (2002) 
showed that tillage technique (mouldboard ploughing v. chiselling) significantly affected the 
distribution of Collembola populations over soil depth, but the functional implications of 
these differences were unclear. In studies comparing the effect of alternative tillage systems on 
biodiversity in organic systems it would be desirable to include parameters expressing the 
quantity beside the quality of indicators and weigh their positive and negative functions 
accordingly. For example, the value of a biodiversity indicator such as ‘spontaneous vegetation’ 
(i.e. potential weeds) should be based on both quality (e.g. species richness, evenness) and 
quantity (e.g. density, biomass) parameters, to also express the negative functions (weediness, 
competition) potentially associated with them (Bàrberi 2002).

Conceptualising tillage management in organic agriculture
Tillage can have either a positive or negative connotation in organic agriculture depending on 
the specific context, and especially on the climatic region where agriculture is conducted. 
Socioeconomic and cultural factors may also influence organic farmers’ attitude towards 
tillage; here however, only some agronomically based concepts will be discussed. To date, sur-
prisingly few scientific investigations have tried to address the tillage issue with such a global 
approach.

Since SOM build up or conservation is crucial to the success of organic systems, an apparent 
SOM budget (inputs minus outputs) may be proposed as a reference indicator to guide tillage 
choice and management in different environments (Table 1). If the SOM budget is negative, 
then increased biomass supply (e.g. through cover crop use, cautious crop residue manage-
ment) or recourse to mixed farming systems should be coupled with minimum soil distur-
bance to reduce SOM mineralisation. If the SOM budget is neutral or slightly positive, then no 
specific restrictions should be applied to tillage, besides those based on agronomic common 
sense (e.g. tillage avoidance close to expected heavy rainfall to reduce the risk of nitrate leaching 
and wherever possible, abandonment of heavy machinery use to protect soil structure). If the 
SOM budget is decidedly positive (e.g. in some farming systems of cold temperate regions with 
large amounts of soil-applied farmyard manure or compost) (Asdal and Bakken 1999), cautious 
tillage management is again required to prevent groundwater nitrate pollution. This problem, 
frequent in Northern European organic farming systems (Eriksen et al. 2004), has driven 
research towards the development and application of reduced tillage in organic systems. Much 
of this work has been done in Denmark. Henriksen et al. (2000) studied the application of the 
Kemink exact soil tillage system to sugar beet production. The Kemink system is based on use 
of non-inversion soil tillage, subsoiling, ridges, controlled traffic and low manure input. The 
top 35–40 cm of the soil is loosened by a winged subsoiler before and/or during and after the 
growing season. Kemink subsoiling prior to sowing stimulated sugar beet growth and increased 
root yield by 7%, probably because of better soil tilth formation and increased N mineralisa-
tion. In contrast, root yield diminished when the Kemink subsoiler was passed post-emer-
gence, because of the likely indirect and/or direct damage caused to growing beet roots.

However, the effect of subsoiling on soil tilth is controversial even in the same environment 
(i.e. Denmark). Munkholm et al. (2001b) showed that, compared to mouldboard ploughing at 
22 cm depth (MP), subsoiling at 35 cm (S) + rotovation (S + R) resulted in a poorer soil tilth in 
the surface layer (i.e. higher soil strength and a lower ease of fragmentation and friability 
index), although it loosened the plough pan (the soil penetration resistance measured at field 
capacity was about 1800 kPa in MP and <1000 kPa in S + R). Cropping system structure, 
incorporating the inclusion of a grass ley in the rotation or differences in manure application 
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rates, had a more pronounced effect on soil mechanical characteristics than tillage per se 
(Munkholm et al. 2001a). For example, cropping systems with higher organic matter input 
showed more desirable aggregate strength and soil fragmentation features, while systems with 
lower organic matter input showed increased cementation of dispersed clay with increased soil 
dryness, leading to higher aggregate tensile strength (Munkholm 2002, Munkholm et al. 
2002). All these effects, however, were highly dependent on soil water content (Munkholm and 
Kay 2002).

In the Netherlands, Kouwenhoven et al. (2002) tested an ‘ecoplough’, developed to meet 
organic system requirements of relatively shallow ploughing with good soil inversion for weed 
control, on Luvisols. This plough has seven or eight bottoms for ploughing depths of 0.12–0.20 
m, a working width of 2.1 m and a working speed of 1.7 m s–1, and can be coupled with a 
tractor equipped with low-pressure tyres. The ‘ecoplough’ produced a rather smooth soil 
surface with relatively fine, strong, stable and moist aggregates. Organic matter, soil biota and 
nutrients were concentrated higher in the soil profile, which positively influenced soil worka-
bility and crop growth. Crop yields were similar to those after conventional ploughing, but 
weed populations (especially perennials) increased when ploughing depth was <0.2 m.

Most of these findings demonstrate that the abstraction of the tillage effect out of a cropping 
system context can lead to misleading conclusions. Furthermore, this ‘reductionist’ approach is 
highly questionable in organic farming, where agricultural management should always be 
systems based (Ikerd 1993). In general, it would always be desirable to first plan an organic crop 
rotation well suited to the local context and subsequently to tailor tillage choice and manage-
ment to such a rotation (Wijnands 1999). Where some reduction in tillage frequency is desira-
ble, inclusion of a no-till ley phase in the rotation should be considered (Olesen et al. 1999).

The relative importance of the pros and cons of tillage in a given environment should 
always be carefully considered before planning the crop rotation, based on the expected value 
of relevant soil and cropping system quality indicators (Table 1).

Table 1 Expected potential values of soil and cropping system quality indicators influenced by 
soil tillage in different environments
SOM = soil organic matter, + + very high, + high, – low, – – very low.

En�ironment

Indicator Tropical, 
humid

Temperate, 
warm

Temperate, 
cold

Semi-arid, 
warm

Semi-arid, 
cold

Cropping system 
diversificationA

+ + + + – – – –

SOM mineralisation + + + – + – –

Organic matter 
(biomass) production

+ + – + – – – –

N volatilisation + + + + – –

Soil compaction + + – + +

Soil tilth – – + – –

Soil erosion + + + – + +

Soil water retention – – + – – – –

Soil nutrient uptake + + + – – – –

Nitrate leaching + – + + – – –

Pests, diseases and 
weeds

+ + + + + – –

A Includes the possibility to grow cover crops and intercrops.
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Are there any differences between tillage management in 
organic and con�entional agriculture?
A logical assertion that could stem from what has been reported in the previous paragraphs is 
that hardly any differences can be seen between the theoretical approach to tillage manage-
ment in conventional and organic agriculture. This is true if it is assumed that agroecosystem 
management, including tillage, should always be based on good agronomic practices regard-
less of the production system. In practice, however, there are some differences that are more 
related to cropping system structure and effect rather than to tillage itself. In a given context, 
organic cropping systems are invariably more diversified than their conventional counterparts 
(Stolze et al. 2000). The inclusion of more crops (including cover crops) in a rotation usually 
results in consequent diversification of tillage practices, either because requirements (e.g. for 
soil penetration resistance) may differ depending on type of cash crop and useful product (e.g. 
grain v. root crops) and/or because cover crops may need some degree of incorporation in soil 
to exert their positive agroecosystem functions (e.g. nutrient release).

In addition, organic systems usually enhance soil physical and biological fertility in the 
long term compared to conventional systems, such as aggregate stability, soil A horizon depth, 
organic matter content, porosity, earthworm abundance and activity, microbial biomass 
carbon (C) and N and their ratios to the total and light fraction C and N pools in soil, lower N 
microbial turnover rate and soil colonisation by mycorrhizae (Gerhardt 1997; Siegrist et al. 
1998, Fließbach and Mäder 2000, Mäder et al. 2000, Pulleman et al. 2000, Friedel et al. 2001). 
These effects, which cannot easily be attributed to one or more specific agroecosystem compo-
nents (including tillage) but rather to their positive interactions, by being beneficial to agroec-
osystem production, stability and resilience, can also bring about a new vision of tillage 
management. In a more stable and resilient agroecosystem it can be assumed that the potential 
disrupting effect of any disturbances, including tillage, would be buffered. Therefore, the 
degree of detail that should be paid to tillage management in an organic system is negatively 
correlated to the degree of stability and resilience of the system itself.

Skilled organic farmers know well that they have to integrate tillage management into their 
cropping system management strategy. Surprisingly, this integration is less obvious when 
examining the organic research literature, although there are exceptions. One of them is the 
so-called ‘punch planting’ method, also developed in Denmark. With this method, a hole is 
punched in the soil and a seed is dropped into it, without any seedbed preparation and soil dis-
turbance outside the hole (Rasmussen 2003). Although this system has been developed mainly 
to improve in-row weed control (coupled with stale-seedbed and flame weeding) in row crops 
(e.g. fodder beet), it has also proved beneficial to soil tilth preservation. Conversely, Drinkwa-
ter et al. (2000) observed that compared to no-till management, post-emergence cultivation 
for direct weed control in maize also increased mineralisation of vetch residues, thus increas-
ing N supply during maximum N demand by the crop.

Conclusions and future perspecti�es
It is not possible to generalise the effects of tillage management, since the positive or negative 
features depend largely on the agrienvironmental context and on cropping system structure. 
This is even more so in organic agriculture, where cropping system management cannot (and 
must not) be standardised, unlike what is usually done in conventional systems. It would be 
desirable to see more scientific projects and publications about not only the development of 
innovative, non-inversion tillage systems, but also with their actual integration in organic 
cropping systems planning and management. There is a discrepancy between the overall agree-
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ment on the need to apply system theory to organic farming and how mainstream organic 
farming research is usually conducted (Lockeretz 2000). Obviously, the requirements set forth 
by scientific communities as well as shortages in long-term research funding prevent many sci-
entists from adopting a real system approach to organic farming research. However, this 
approach would be the most correct in organic systems (Niggli 1997); the hope is then to see it 
more frequently applied in future scientific papers.
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Abstract
In response to the greatly increased market share of organic food, there is an increasing interest 
in investigating whether there is any difference in the effects of organic and conventional food 
on health. Previous studies have not been able to provide definitive proof for differences 
between these two food production systems in terms of human health. This conclusion mainly 
suggest that the designs of these studies were neither adequate to provide such proof, nor 
targeted to those aspects where differences are most likely.

However, there are ample examples that the methods used for food production do make a 
difference to food composition or other aspects of its quality, and that these differences are 
large enough to make a real difference for the consumer in terms of health. While these differ-
ences may cause yet unproven general differences in food quality between organic and conven-
tional products, many of the methods that benefit food quality are not necessarily restricted to 
either organic or conventional systems. Understanding the links between production methods 
and food quality, therefore, allows improvement of the products of any system, whether organic 
or conventional. However, some of these benefits are linked with what is common practice in 
organic farming, and for these the main challenge can be to conserve existing quality benefits 
during further development of the productivity of organic methods.

Introduction

Relationships between organic regulations and food quality
Organic food production is defined by the International Federation of Organic Agriculture 
Movements (IFOAM) as a set of principles that should be fulfilled as much as possible, and by 
the European Union (EU), and other international, national or private bodies and certifiers as 
a legally binding certification standard, defining what is allowed and required in order to 
qualify for this label (see Chapter 9). Although the IFOAM principles do mention quality as a 
desired aim, none of the specified requirements actually refer to quality or safety, beyond 
general requirements that need to be observed by all food producers. In a stringent sense, the 
quality of organic food is thus a process quality rather than a product quality. For the primary 
production steps in the supply chain, systematic effects on food quality are mainly, or only, 
indirect, results of the specified farming methods. For example, banning synthetic fertiliser 
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and pesticides means that the nutrient supply to the crops needs to be provided from sources 
with a relatively slow release of plant nutrients. The lower levels of available N affects the plant 
physiology so that there are relatively high concentrations of ascorbic acid (vitamin C) in the 
plant tissues, including harvested vegetables (Mozafar 1993). But the effect is indirect, because 
the regulation only specifies which inputs are banned, it does not specify the level of vitamin C 
in the product, and the quality advantage can be lost without violating the regulation (e.g. if 
the variety used by the organic farmer is one with a low capacity for forming vitamin C) 
(Justesen et al. 1998). For processed foods, a few regulations directly influence specific aspects 
of quality by banning of synthetic colourants, artificial f lavouring agents and antimicrobial 
additives. Still, there are no requirements for positive taste or health effect qualities, only for 
the absence of these additives, which are considered negative by many consumers even though 
actual health risks for those additives that are allowed in conventional foods have not been 
proven (Brandt and Mølgaard 2001). However, while the support from governments and 
official agencies only refers to environmental benefits, many consumers are convinced that 
organic foods taste better than conventional products and cite possible beneficial effects on 
health as a major reason for buying organic foods (Schifferstein and Ophuis 1998, O’Doherty 
Jensen et al. 2001). In response to the greatly increased market share of organic food, there is 
an increasing interest in investigating whether there are any differences in the effects of organic 
and conventional food on health.

Re�iews of earlier studies of organic food and health
Numerous studies have compared food produced according to the organic standards with con-
ventionally produced food in attempts to elucidate whether different farming methods result in 
different effects on human health. Several ministries and other organisations have organised 
reviews of these studies; for example, those by Woese et al. (1997), O’Doherty Jensen et al. (2001), 
Bourn and Prescott (2002), Food Standards Agency (2002), Soil Association (2002), Williams 
(2002), AFSSA (2003), BMVEL (2003), Kouba (2003), Lotter (2003) and Magkos et al. (2003).

The reviews concluded that there is no evidence for any direct health benefits nor risks 
definitively associated with the consumption of organic foods. Significant differences exist in 
the average levels of several nutrients, contaminants or pathogens regarding food composition, 
however. Most, but not all, of these differences appear to be beneficial on the part of the organic 
food and organic foods tend to contain substantially lower levels of pesticide residues and 
slightly higher vitamin C content, but there is no evidence that differences of the measured 
magnitudes are so great as to have any effect on health. One of the reviews carried out by the 
Soil Association (Soil Association 2002) chose to conclude therefore that while not definitive, 
the evidence was in favour of a benefit of unknown magnitude from eating organic food. Other 
reviews conducted by various agencies or expert groups financed by a government preferred 
the more conservative interpretation of the same body of data in accordance with the conven-
tion normally used in science, that the available evidence does not allow rejection of the null 
hypothesis of no effect. However, most of the reviews specifically pointed out that the absence 
of evidence is due to absence of relevant data. There are no well-designed experimental studies 
showing definitively that there is no difference. The studies included in the reviews were not 
designed to be able to provide definitive evidence for differences between these two food pro-
duction systems in terms of effect on human health, and/or were not targeted to those aspects 
where differences are most likely. 

Due to this, the state of the art in terms of scientific consensus is that no well-defined 
problem of direct toxicity, pathogenicity or nutrient deficiency, nor any benefit with a well-
defined impact on health, has been proven to be specifically associated with either organic or 
conventional food. To place this in perspective, a similar statement can be made regarding the 
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Atkins diet relative to other diets with comparable caloric intake, which represent much larger 
differences in composition.

Previous studies have not been able to provide definitive evidence for differences between 
these two food production systems in terms of effect on human health; and this conclusion 
suggests that the designs of these studies were possibly inadequate to provide such evidence, 
and/or were not targeted to those aspects where differences are most likely.

However, there are ample examples that the methods used for food production do make a 
difference for food composition or other quality aspects, and that these differences are large 
enough to make a difference to consumer health. Although these differences may cause (yet 
unproven) general differences in food quality between organic and conventional products, 
many of the methods that benefit food quality are not necessarily restricted to either organic 
or conventional systems. Understanding the links between production methods and food 
quality therefore allows improvement of the products of any system, whether organic or con-
ventional. However, some of these benefits are linked with what is common practice in organic 
farming, and for these the main challenge can be to conserve existing quality benefits during 
further development of the productivity of organic methods.

Definitions of production systems and food qualities

Differences between production systems that may affect food quality
Organic food production is founded on some basic principles, regulated by a set of rules and 
laws and is as such, relatively well defined. Conventional production operates within a larger 
area of production conditions. One fundamental set of production parameters is the combina-
tion of nutrient and foreign compound inputs. Plant production can tentatively be described 
as a function of plant nutrient inputs (primarily nitrogen) and foreign compounds (pesticides) 
(Figure 13.1). Likewise, animal production can be described on the basis of inputs of feed (kJ) 
and foreign compounds (antibiotics, hormones, growth promoters) (Figure 13.2). As the two 
figures show, the production systems are not totally separated, although the average produc-
tion conditions are different. This is important when comparing organic versus conventional 
food, because one can end up comparing two food items produced under literally identical 
conditions. If this is the case, it is unlikely that the products are significantly different. However, 
quality or health effects that systematically result from those factors that separate the systems 
the most, will also result in a difference in product quality between the systems and conse-
quent health impacts, even if the food producers are not consciously trying to obtain this 
quality and even when some products from each system will have overlapping properties. The 
influence of cultivar and soil type is also important when comparing plant products, as well as 
the influence of breed and housing system when comparing animal products. For both climate 
and local national and regional conditions, traditions and preferences also have a profound 
effect on a range of quality aspects. In particular, the production systems that tend to use dif-
ferent cultivars/breeds or procure raw materials produced in different locations have to be 
taken into account in a comparison, if the purpose is to determine the effect on consumer 
health, and/or satisfaction with sensory qualities of the food.

Strategies to measure the effects of production methods on food quality
It is very difficult to make an overall comparison of the organic and conventional production 
systems as a result of the high variability and there is not much purpose in trying. Even if it 
were possible to somehow assess the quality of enough volumes of organic and conventional 
foods to provide precise figures for all significant differences between these two systems, this 
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would just show the situation at the time of the study. Once the data had been compiled and 
were ready to publish, new varieties may have been introduced, or farming practices or trading 
patterns may have changed in either system, and the comparison would no longer be valid.

In contrast, it is both feasible and relevant to investigate the effects of specified aspects of 
organic and conventional farming systems on food quality, including effects on human health. 
Variation can be reduced by keeping constant those factors that are not being investigated. The 
investigation is relevant because if we come to better understand whether and how choices 
made by farmers, processors, traders and others involved in food supply chains affects health, 
this will allow systems improvement, not just documentation of a snapshot of a constantly 
changing situation. Knowing these causes and effects can also be used to ensure that better 
systems are developed for increased productivity and other desirable aspects, without losing 
existing advantages of quality, by estimating the effect of a change in the causal factors before 
it is implemented.

synthetic chemicals

(pesticides)

Plant production 

nutrients
(N, P, K)  

Organic

C
on

ve
nt

io
na

l

Figure 13.1 Relationship between nutrient inputs and the use of synthetic compounds in organic 
and conventional plant production.
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Figure 13.2 Relationship between nutrient inputs and the use of synthetic compounds in organic 
and conventional animal production.
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Such studies should be very precise. Products should preferably be grown or raised on exper-
imental farms where production conditions can be controlled (Harker 2004), particularly when 
several combinations or options within a production system are tested. Another useful approach 
is the paired comparison of similar, neighbouring farms producing the same cultivar or breed 
under the two different production regimes. Studies need to include some assessment of the 
product to be consumed, including (if relevant) the preparation taking place in the home.

Surveys can still be useful since they integrate the outcome of all the factors along the 
entire supply chain to test predictions and assess whether models are taking the relevant factors 
into account, as well as generating new hypotheses when this is not the case. However, if done 
as isolated studies, the results of food quality surveys obtained at the point of sale have very 
little predictive power, unless extensive additional data are collected (e.g. origin, variety/breed, 
storage extent, conditions). Often this is not possible.

Finally, when assessing results of previous studies in this area, the important rapid develop-
ment in organic production systems in recent years needs to be taken into account. For 
example, between 1993 and 2000 the number of organic holdings in the EU increased from 
29,000 to 130,000 (European Union 2001). Two general consequences of this expansion are 
likely to have had profound implications for food quality, although neither can be measured 
directly. First, the organic producers have become increasingly professionalised and special-
ised in response to the demand for large volumes of uniform products for the supermarkets, 
Two to 15 years ago, depending on country, a substantial proportion of the marketed organic 
food did not correspond to the conventional trade standards in terms of, for example, size and 
blemishes, whereas today, most organic food superficially resembles conventional products. 
Whether this is a quality improvement or not is debatable, but it means that results from survey 
studies made before this transition are unlikely to be relevant today.

Another aspect of rapid change is that most organic producers and others involved in 
organic supply chains have only been working with organic food for a few years. While organic 
production, until recently, mainly took place in close-knit communities where newcomers 
received extensive training and based their work on the accumulated experience of the com-
munity, the sheer volume of new producers has made such transfer of knowledge much more 
difficult. Many producers base their work primarily on concepts learned in conventional pro-
duction with some adjustments to accommodate the requirements for organic certification. Of 
course, these new producers eventually obtain experience through their own successes and 
failures, but in the meantime, the quality of the food very likely deviates from what is typical 
for experienced organic producers. This consequence of the expansion will almost inevitably 
persist until the availability and quality of advisers catches up with expansion, and influences 
the change in organic food quality over time in a pattern specific to each region and for each 
commodity produced. A particular concern is that scientists studying organic food quality 
also have very variable levels of expertise on the practical aspects of organic farming. Close 
inspection of scientifically and well-designed investigations pertaining to organic food quality 
often reveals that although the ‘organic production’ treatments normally conform to relevant 
certification requirements, they often do not correspond to the practice of experienced organic 
producers in the relevant region (e.g. as indicated by yield figures). This also affects the rele-
vance of the results of such studies, from extrapolation to assessments of the food available for 
consumers.

Aspects of food quality
Food quality is not a single property that can be measured by an easily defined and agreed 
method. The overall definition of food quality is a collection of food properties that satisfy or 
exceed the expectations of the consumer. This comprises a very broad range of properties, 
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including for example, fair trade relations and short transport distances (Torjusen et al. 2004). 
This is exemplified in the way that organic food quality comprises a range of quality benefits: 
authentic, functional, biological, nutritional, sensual and ethical benefits (Meier-Ploeger 
1996). However, the scientific literature does not contain generally agreed methods to measure 
the effect of food on the full range of benefits. However, a range of new methods are under 
development, which could be able to provide such measurements (Meier-Ploeger et al. 2004) if 
they can be shown to consistently correlate with other measures of these properties. Since this 
has not yet been achieved, the present text will only attempt to cover studies on quality in 
relation to consumer health, as defined by measures that are generally accepted in the scien-
tific community, comprising many of the functional, biological and nutritional benefits of 
good food quality. Some sensory properties are mentioned when they relate to health. This 
chapter does not include a comprehensive review of the influence of production methods on 
the taste and aroma of food, since little information is available and it is difficult to make any 
meaningful conclusions beyond specific examples.

Concerning health, a typical rationale among consumers is that healthy soils, plants and 
animals are the basis for human health, and therefore that care and concern for any of these 
environmental factors will also promote better human health (Torjusen et al. 2004). Since the 
health of soils, plants and animals, as well as environmental effects are described elsewhere in 
this book, this chapter concentrates on the few aspects of food-related health that are directly 
related to the chemical, microbiological and physical properties of the food:

•	 safety from pathogens;
•	 safety from toxic substances; and
•	 beneficial nutritional properties or other positive impacts on health.

However, although these aspects are discussed as separate topics below, in line with the way 
scientific studies and regulatory issues are normally defined, most consumers still see them as 
parts of a holistic picture where the good intentions of the people involved in the food supply 
chain are the most important assurance for all aspects of food quality. In this context, strin-
gent safety measures and sophisticated process control, which are the cornerstone of food 
quality assurance schemes in conventional supply chains, may be seen by consumers at best as 
self-imposed restrictions that prove the sincerity of these good intentions, and at worst as 
unfair, unnecessary burdens introduced through lobbying from big profit business to support 
its suppression of small-scale or local producers.

Safety from pathogens
In conventional agriculture, food safety assurance systems to prevent transmission of patho-
gens by food are often based on the idea that all pathogen contamination should be prevented 
through stringent isolation procedures, and if contamination occurs, the whole system should 
be thoroughly decontaminated before production can be re-established. From this viewpoint, 
the demand for access to outdoor areas for farm animals and the use of animal manure for 
crop production represent almost unethical violations of best practice. Some authorities have 
reacted by imposing what can appear as rather draconian requirements, such as heat treatment 
of animal wastes before they can be used on crops. For example, the National Organic Program 
(2000) regulations in the United States of America (USA) require:

that compost must be produced through a process that combines plant and animal 
materials with an initial C:N ratio of between 25:1 and 40:1. Furthermore, 
producers using an in-vessel or static aerated pile system must maintain the 
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composting materials at a temperature of between 131°F (55°C) and 170°F (77°C) 
for 3 days. Producers using a windrow system must maintain the composting 
materials at a temperature between 131°F (55°C) and 170°F (77°C) for 15 days, 
during which time, the materials must be turned a minimum of five times.

Organic farmers tend to think that their production methods keep the animals and soils so 
healthy that any zoonotic pathogens introduced from other farms or wild animals are quickly 
eliminated through natural protection mechanisms. Surveys and comparisons reviewed by 
Korba (2003), BMVEL (2003) and Bourn and Prescott (2003) concluded that the microbiologi-
cal risk from organic foods is smaller or similar to corresponding conventional foods, even 
though pathogens are able to survive for extended periods in stored manure. The information 
tends to be based on surprisingly few studies often of rather low information value. For 
example, a report is cited in Korba et al. (2003) to ‘show that, compared to conventional agri-
culture, organic production leads to a higher Salmonella contamination in eggs, poultry meat 
and pork meat’. In the report, which was not peer-reviewed (European Union 2001), this con-
clusion refers to the statement ‘in comparison with conventional farming, more cases of sal-
monella in eggs, poultry and pig meat have been registered’, without any figures, author 
identification or other information that allows tracking of the source in order to define the 
year and geographical area to which it referred. A recent initiative by a Dutch research group 
aims to understand and control the factors that determine the pathogen transmission risk in 
the entire organic vegetable production chain, from the feeding regime of the cows to the post-
harvest treatment of the vegetables (Franz et al. 2003).

A few studies hint at some of the reasons for the absence of predicted risks, and indicate 
that organic food may be safer than estimated. Hald et al. (1999) suggested that if organic farm 
animals tend to be exposed to zoonotic pathogens like Salmonella at an early age and then 
become so resistant that the infections are eliminated before slaughter, the pathogen load will 
be systematically overestimated if testing is done by measuring antibodies in the animal tissues 
rather than actual presence of the pathogen in faeces. An ongoing study in the EU-project 
QualityLowInputFood (QLIF 2006), is testing this hypothesis by comparing antibodies in 
meat samples and bacteria in faeces in organic and conventional pigs from defined outdoor 
and indoor farming systems (M.K. Bonde pers. comm.). Some studies indicate that the more 
extensive use of grass and other roughage in organic animal production improves the ability of 
the animals to eliminate zoonotic pathogens (Couzin 1998, Diez-Gonzalez et al. 1998). 
Another aspect of the issue of zoonotic pathogens in organic animals is that out of necessity, 
organic farmers have to give high preference to good health characteristics when selecting 
breeding stock, since it is more difficult or impossible to control health problems by antibiot-
ics. In the USA, where a total ban on the use of antibiotics for organic cattle has forced milk 
farmers to select heavily for highly resistant stock, some organic farmers have now started 
selling their surplus heifers to conventional farmers at a premium price, since even in a con-
ventional system, genetic resistance is more effective than antibiotic treatment in keeping 
animals healthy (J. Riddle pers. comm., 2005). Although no studies on the impact of animal 
genetic resistance on food safety have been reported, this is an aspect that should be investi-
gated in future research. It is also an example of how organic production system developments 
can directly benefit conventional producers.

Regarding pathogen transfer from manure to vegetables, several studies have failed to show 
measurable contamination of the final product when Salmonella or Escherichia coli O157:H7 
were deliberately introduced into lettuce growing systems (Johannessen et al. 2004, U. Köpke 
pers. comm., 2005). Studies in the Netherlands (Franz et al. 2005) highlight two important 
components of this elimination: first, the numbers of pathogens (added by inoculation) fell 
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faster during storage at 15°C in manure from cows, the more grass and less concentrate was 
used in the their diet (three different treatments); second, when mixed with (a conventional) 
soil, pathogen numbers were quickly reduced in all treatments except in sterilised soil, and 
pathogen numbers fell faster when the soil was mixed with organic manure than when the 
same amount of conventional manure was added.

Whereas neither of these studies definitively rules out that pathogens can enter the organic 
food chain through animal or plant products, they support the observations made by organic 
farmers of relatively good resilience to infections. Together, this shows an imminent need for 
well-designed studies to determine the efficacy of various procedures and their combinations 
as used in organic farming to eliminate pathogens introduced at various levels of the food 
chain. If the concept of suppressive soils can control not only plant pathogens (see Chapter 4), 
but also zoonotic pathogens, the concept of a healthy soil will gain a completely new angle. 
However, this effect may depend on special conditions that may not be present on all organic 
farms, and it is therefore very important to understand the process in greater depth before it 
can be used as an effective safety provision.

One study (Tschape et al. 1995) reported a foodborne infection by the verotoxinogenic bac-
terium Citrobacter freundii in a nursery school in Germany caused by contaminated parsley 
from an organic garden in which manure of pig origin was used. The bacterium produced 
symptoms of gastroenteritis and Haemolytic Uremic Syndrome (HUS) in about 15 people, one 
dying of HUS (Lund 2002). This seems to be the most recent case recorded, and predates the 
establishment of defined standards and regular certification visits for organic farming. Although 
most organic certification schemes are not meant to regulate general good practice in terms of 
food safety, inspectors observing violations of general safety guidelines should still advise pro-
ducers to meet those standards as well as the special requirements for organic certification.

Additionally several surveys show that the restricted use of antibiotics in organic agricul-
ture reduces the problems of antibiotic resistance, a theme that is very important in relation to 
zoonotic pathogens. These studies demonstrate that isolates of relevant bacteria from organic 
dairy herds were significantly more susceptible to antimicrobials than those from conven-
tional herds in the USA, Denmark and Scotland (Tikofsky et al. 2003, Sato et al. 2004, Hoyle et 
al. 2004).

Another disease, bovine spongiform encephalopathy (BSE, ‘mad cow disease’), arises when 
animals are fed contaminated tissues from other animals with the disease. Organic regula-
tions have never allowed the use of animal residues as feed for animals of the same species, and 
although at least one cow raised in a conventional herd that was later converted into organic 
did develop BSE, until now BSE has not been detected in any cattle born in organic herds 
(Kouba 2003, BMVEL 2003). Technically these data represent a significantly lower statistical 
risk from organic than from conventional meat, but since the overall risk is very small this dif-
ference does not have any measurable effect on consumer health.

Overall, while organic production methods may superficially appear to comprise more 
risks for pathogen transmission from farm animals to humans than conventional farms, the 
evidence indicates the opposite trend, although not complete safety. And if bad luck strikes, 
pathogens from organic animals are more susceptible to antibiotics and are thus easier to 
eliminate from patients.

Safety from toxic substances

Synthetic toxins intentionally applied to the food
Many consumers are concerned about the use of synthetic pesticides, food additives and veter-
inary medicines, which they perceive as possible health risks (O’Doherty Jensen et al. 2001). 
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Consumers find this risk unacceptable, since the presence of organic products show that these 
production aids are unnecessary (Torjusen et al 2004), so they are seen as indicators that the 
conventional producers are more concerned with profits than with food quality. The authori-
ties consistently find detectable synthetic pesticide residues in a substantial proportion of 
samples analysed from conventional farms. Some samples contain more than one residue. Few 
conventional samples exceed tolerances and most residues are well below tolerance levels. 
Residues are commonly not present on organic produce and, where present, residue levels are 
significantly lower in organic products than in corresponding conventional ones (Weber et al. 
2001, Baker et al. 2002). However, all pesticides, food additives and so forth used by conven-
tional food producers are thoroughly tested to determine whether they pose any health risk. If 
such indications are found, they are prohibited, so the occurrence of residues in present day 
conventional food is not considered a significant health risk (Diehl 2002). However, history 
has taught us that chemicals considered harmless today might be labelled ‘poisonous’ in the 
future, and little is known about how combinations of low levels of pesticides affect human 
health. For example, a study on the effect of the growth regulator chlorocholine chloride indi-
cated significant reductions in semen quality among rats fed wheat grown with this substance, 
compared with untreated wheat (Torner et al. 1999). This study is being followed up with a 
study on pigs in the QLIF project (M.T. Sørensen, pers. comm., 2005).

In addition, preservative substances and food colourings used in conventional food have 
been implicated as health risks (Dengate and Ruben 2002, Bateman et al. 2004), but here also, 
the effects are difficult to measure, and there is no consensus in the scientific community on 
safe levels. The recent increased acceptance of the concept of hormesis (i.e. that effects at low 
concentrations can be opposite, normally beneficial, than the normally toxic effects at high 
doses) is likely to lead to a complete re-evaluation of the existing framework for safety evalua-
tion (Calabrese 2004), but the outcome of hormesis is impossible to predict. Some authors 
argue that hormesis means that all synthetic pesticides are generally much safer than previ-
ously thought (Trewavas 2004). On the contrary, others caution that when the possibility of 
hormesis is ignored, poorly devised dose-response curves could lead to either underestimating 
or overestimating the risk at the actual exposure levels (Calabrese 2004).

So although there is no doubt that the presence of pesticide residues and food additives is 
significantly different between organic and conventional foods, there are no generally accepted 
volumes of data showing that the difference in composition makes a difference to the health of 
consumers. However, a more precise estimate of the magnitude of risk from pesticide residues 
or food additives may not make much difference to the view of many consumers, who do not 
want to take any risk, no matter how small, when not associated with clear benefits for them-
selves (Torjusen et al. 2004).

There may be some effect on consumer views if clear health benefits are proven. However, 
ensuring a defined level of residues in food will be even more difficult than keeping the levels 
below a certain limit. As described below (see Indirect measurements of effects on health), if pes-
ticide residues are good for health, organic foods will be better still because of their high 
content of natural pesticides.

Synthetic toxins unintentionally occurring in food (pollutants)
Although most pollutants would be considered equally likely to occur in organic and conven-
tional foods, Harnly et al. (2000) found the level of dioxins was seven times higher in eggs 
from free-ranging private flocks with unlimited access to soil in a strongly polluted area in the 
USA than flocks kept in a confined soil area in the same region, and that the high levels con-
tained in many eggs constituted a definitive human health danger. Since organic egg produc-
tion must include access to outdoor runs, this finding caused great concern for organic egg 
producers. A recent Belgian study, while confirming high dioxin levels in eggs from small 
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private flocks in a polluted area, found that the levels of dioxin contamination in eggs from 
seven organic farms were slightly (but not significantly) lower than samples from 10 conven-
tional farms, and all within a level normally considered safe (Pussemier et al. 2004). Since 
then, one study showed elevated dioxin levels in eggs from two out of four organic farms in an 
Irish survey (Food Safety Authority of Ireland 2004). Here it was found that the age of the hens 
was also important for this pollutant, which is known to accumulate in the body. The flocks 
with the highest values comprised hens of up to four years of age, but the concentrations were 
still lower than eggs from polluted areas, and did not exceed the safety limits. In general, while 
additional experiments are required to test the hypotheses presented, if they are confirmed, 
two simple safety precautions should be able to control this problem for organic (and other 
free-range) egg producers: test for soil pollution before establishing chicken production, and 
limit the age of the hens to no more than two laying seasons. Conventional producers and 
most organic ones keep layers for only one laying season, but in accordance with organic prin-
ciples, healthy animals should keep producing for longer periods if this does not conflict with 
animal welfare considerations. Dioxins do not accumulate in plants (Harnly et al. 2000), and 
cattle and pigs, which occupy more space than chickens, are less likely to be produced near 
large cities where polluted areas typically occur. New data indicate that low levels of dioxins 
may not be as dangerous as was previously estimated; a review by Calabrese and Blain (2005) 
states that 42 papers show beneficial health effects of low doses of dioxins (hormesis).

Similar considerations are relevant for other airborne, persistent, bioaccumulating pollut-
ants, primarily polychlorinated biphenyl (PCB) and dichlorodiphenyltrichloroethane (DDT).

Naturally occurring toxins – mycotoxins
Mycotoxins are fungal metabolites produced in infected plant material following infection 
with various fungal species, such as aflatoxins from Aspergillus species and fumonisins 
produced by strains of Fusarium. Studies of samples taken from fields have shown either no 
difference in mycotoxin content (Hietaniemi et al. 2004) or lower content in the organic 
samples compared to the conventional ones (Schollenberger et al. 1999, Schollenberger et al. 
2002, Birzele et al. 2002, Doll et al. 2002). Although most studies were surveys, the study by 
Bizele et al. (2002) included a controlled cultivation experiment where the infection rate was 
consistently highest in wheat grown with conventional mineral fertiliser and without pesti-
cides, intermediate in conventionally grown wheat (mineral fertiliser, with pesticides) and 
lowest in organic wheat (organic fertilisation, no pesticides). The mycotoxin content in the 
grain was more variable, as the conventional and organic treatments were similar, with both 
still lower than the experimental combination of mineral fertiliser without pesticides. This 
study showed that under German climatic and soil conditions, the type of fertility manage-
ment is more important for the extent of Fusarium infection than the use of pesticides. While 
this conclusion may be unexpected for conventionally trained scientists and advisers (e.g. 
Trewavas 2004), it is consistent with some other studies showing no or small differences in 
infection rates between organic and conventional crops (e.g. van Bruggen 1995). However, of 
note to the organic community is that although the relatively low and/or slow nutrient supply 
in organic farming helps to trigger the plants’ natural defences against infections, it is achieved 
at the expense of some of the theoretical yield potential. This problem cannot be solved by 
improving the methods for acquisition, retention and release of nutrients – excessive use of 
organic fertilisers may lead to the same quality problems that haunt conventional cereal pro-
ducers (e.g. Pedersen and Bertelsen 2002).

In the late 1990s, Danish studies found problems with the concentrations of mycotoxins in 
organic cereals. They were as a result of improper management, drying and storage facilities, 
related to easily alleviated deficiencies in the advice provided to farmers and not due to the 
farming system (Elmholt 2003). Nevertheless, this caused the average contamination in 
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marketed foods to be higher in organic than in conventional products for a time (Jørgensen et 
al. 2000), again highlighting the need to understand the causes of the differences found in 
survey-type investigations.

In relation to food quality, cereals with low fungal infection levels are unsuitable for flour 
or muesli production for human consumption, due to a distinctive off-taste or inferior baking 
quality. Apart from certain nuts and pulses, the risk to the consumer is very low. Infected 
grains can still be used in moderate amounts for animal feed, and while mycotoxins can then 
occur at detectable levels in meat, eggs or milk, the animals will show clear signs of poisoning 
or even die before the levels become sufficiently high to pose a health risk to human consum-
ers. However, routine surveillance for signs of mycotoxin poisoning (‘white kidneys’) at abat-
toirs, and for mycotoxin residues in milk and eggs, are still important as measures to detect 
and enforce violations of good practice in terms of animal welfare.

Apart from the question of how the farming system affects concentrations of mycotoxins, 
additional uncertainty exists in relation to the effects of different levels on human and animal 
health. The present safety regulations require that levels are a defined number of magnitudes 
lower than those resulting in harmful effects in animal studies; mainly liver damage or cancer. 
However, this method is very imprecise – safety limits set too low may lead to the destruction 
of large volumes of food or feed, whereas limits set too high expose consumers to significant 
health risks.

In a recent comparison of wheat samples produced in Italy, mycotoxin content was highest 
in organic samples, although still well below the level considered safe for consumption. 
However, in vitro lymphocyte cultures demonstrated that the immunotoxic effect of the con-
ventional wheat was higher than that of the organic (Finamore et al. 2004). The authors sug-
gested that this was as a result of toxic effects of pesticide residues or other unknown 
contaminants in the conventional wheat. However, since 22 mycotoxin studies are reported to 
demonstrate hormesis (beneficial effects at low exposure levels) (Calabrese and Blain 2005), 
the data could equally well indicate that consumption of food with low levels of mycotoxins 
may strengthen the immune system rather than harming it.

Naturally occurring toxins – plant toxins
Another class of naturally occurring toxins is the natural toxicants produced by plants as a 
defence against diseases and pests, including essential oils in myrtaceous plants and glucosi-
nolates in Brassica species. From the perspective of the plant, humans are just another herbiv-
ore, and the chemical defences that protect it against animal herbivores affect humans just as 
effectively. Fortunately, modern humans have inherited the physiological mechanisms to cope 
with plant defences from our herbivorous primate ancestors that allow us to safely extract an 
optimal amount of nutrients from plant foods such as vegetables. The best known protective 
mechanism is our ability to degrade and/or excrete most naturally occurring plant chemicals 
(as well as many unnatural chemicals). There are no reported cases of long-term harmful 
effects on any humans of low to medium exposures to toxins from normal food plants, unless 
combined with malnutrition (since some plant toxicants exert their effect by inhibiting uptake 
or blocking utilisation of key nutrients). All other known cases of harm to humans were as a 
result of short-term intake of plant material with very high levels of toxicants.

A less known, but probably more important, protective mechanism is ‘conditioned taste 
aversion’ (Cross-Mellor et al. 2004), which induces a rapid, profound aversion to any taste asso-
ciated with nausea or other indications of toxicosis. This study used an ingenious setup allowing 
continuous control of the induction of nausea to show that conditioned taste aversion is so 
precise that it allows rats to adjust their intake of toxin-containing food to obtain the optimal 
provision of nutrients while avoiding harm from the toxins. Such optimisation has been dem-
onstrated in farm animals (Kyriazakis et al. 1997) and is probably common for all animals. 
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While this general topic has not yet been studied systematically in humans, conditioned taste 
aversion has been documented in cancer patients receiving chemotherapy (Scalera 2002). Com-
bining a study of dietary patterns in healthy female volunteers (Cade et al. 2004) with genetic 
testing (Anonymous 2003) indicated nutrient/toxicant optimisation in people with haemo-
chromatosia, accumulation of excessive levels of iron due to a genetic defect in iron excretion. 
Post-menopausal homozygotes for the C282Y mutation showed significantly lower intake of red 
meat than other women in the same age group, even though they were not consciously aware 
that high-iron foods were the cause of their symptoms.

Nevertheless, in food plants such as potatoes, toxicants regularly reach such high levels that 
a single meal can cause unpleasant symptoms in sensitive persons, although serious cases 
(more than a few hours of nausea and/or diarrhoea) are extremely rare, and no cases have been 
reported in developed countries for more than two decades (Percival and Dixon 1997). Many 
of the plant toxicants are phytoalexins, which means that they accumulate in varying amounts 
in response to mechanical damage, an infection or other stress conditions, so the concentra-
tions within the same plant often vary by more than a factor of 100 depending on plant age and 
sample site (Morrissey and Osbourn 1999).

In terms of organic food quality, the question is then whether high, acutely toxic concen-
trations occur in the relevant plant foods and if so, what production factors are important to 
predict and preferably prevent this from happening, or if other measures can be used to allevi-
ate the harmful effects.

In temperate countries, most reports of the occurrence of toxic levels of plant toxicants refer 
to furanocoumarins from parsnip or celeriac or glycoalkaloids from potatoes. Both these 
compound types accumulate when the roots or tubers, respectively, are subjected to mechanical 
or other damage, which can happen during or after transport to the retailer, independent of the 
production system. The few existing data, mostly unpublished, indicate that organically grown, 
undamaged material normally has somewhat higher average levels of these toxicants than con-
ventionally grown crops, and that these average levels are well below the established safe limits, 
e.g. 200 mg/kg for glycoalkaloids in potatoes (Hajslova et al. 2005). However, a higher base level 
could indicate a higher resilience to damage, and the study of potatoes found that despite a 20% 
higher average level in the organic samples, most of the few samples near or exceeding the safety 
limit were conventionally grown. A recent survey of parsnips in Sweden (J. Hajslova pers. 
comm., 2005) showed equal levels in organic and conventionally grown, fresh undamaged 
material, but that the increase after damage or storage was significantly lower for organic than 
for conventional crops. In contrast, a UK survey of material collected in 1991–1992 found higher 
levels in both undamaged and damaged organic samples (Anonymous 1996), although neither 
study included information about variety, origin or storage history before purchase.

Under tropical conditions, the most prominent source of natural plant toxicants is cassava, 
which contains toxic cyanogenic glycosides. In contrast to the vegetables produced in temper-
ate areas, the risk of poisoning, specifically the syndrome tropical spastic paraparesis (konzo), 
is not directly linked with the plant itself but is determined by other factors, namely the 
processing of the tubers and the availability of essential amino acids in the diet (since detoxifi-
cation of cyanogenic glycosides consumes sulfur-containing amino acids) (Swenne et al. 1996). 
Both can be jeopardised in subsistence agriculture on depleted soils, particularly under adverse 
conditions such as drought (Kaiser 2002), while the content of toxicant is seen as an asset 
under normal conditions (Chiwona-Karltun et al. 1998). For tropical smallholders growing 
food for their family’s own consumption, the possible significance of organic farming methods 
for prevention of cassava poisoning is thus related to the ability of these methods to preserve 
soil fertility and nutritional diversity of the overall diet (Brandt and Kidmose 2002), rather 
than any direct effect on the content in the plant.
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Overall, no recent data indicate any particular risk of toxic symptoms to consumers from 
natural plant toxicants, and some hypotheses, if they are confirmed, could point to organic 
growing conditions as a measure that could further reduce the risk. However, since the most 
effective protection is simply to stop eating a dish if it makes one feel sick, the issue of organic 
production methods is of little direct significance for this aspect of food quality.

Beneficial nutritional properties or other positi�e impacts on 
health

Direct measurements of effects on health of animals or humans
To show definitively that one farming method results in food with a beneficial effect on health 
compared with food produced by a different method, it is necessary to measure something 
known to be directly related to the health of the consumer. As a result of practical, financial 
and ethical constraints, reported studies of this type have been primarily animal feeding 
studies, short-term human intervention studies or epidemiological studies. Until now, the 
results of these studies have not been particularly definitive. Several published animal feeding 
studies have shown significant effects on one or the other health related aspect, as reviewed in 
Woese et al. (1997), O’Doherty Jensen et al. (2001), Bourn and Prescott (2002), Food Standards 
Agency (2002), Soil Association (2002), Williams (2002), AFSSA (2003), BMVEL (2003), 
Kouba (2003), Lotter (2003) and Magkos et al. (2003). However, the effects were not always 
consistent, and some effects, such as the capacity of rodents to bear large litters, are difficult to 
relate to human health, while the failure to detect effects in most short-term human studies 
just shows that such studies are able to detect only the influences of treatments that affect 
health substantially.

One short-term controlled-feeding study on humans did show effects on a central biomar-
ker, comparable to a substantial change in intake of vegetables (Grinder-Pedersen et al. 2003), 
which does indicate a definitive health benefit of the organic treatment. Unfortunately, the 
study contained a design error (different varieties of vegetables were chosen from the two 
systems) that substantially weakened this otherwise important conclusion. However, together 
with two other recent studies, it indicates possible reasons for the failures of previously pub-
lished studies to provide clear and definitive evidence for any definitive links between produc-
tion methods and human health. The study also indicated methods for how to reach a better 
understanding of the impact of food production systems on human health. These two studies 
are the above-mentioned rat feeding study by Finamore et al. (2004), and another recent study 
(Lauridsen et al. 2005).

Grinder-Pedersen et al. (2003) showed that the biomarker for protein oxidation in blood 
samples is sufficiently sensitive to detect differences in human subjects caused by small dif-
ferences in diet (irrespective of whether this was vegetable variety, production method or the 
interaction of these factors). Therefore, it is relevant to include this biomarker in future 
studies of food and health in general, and studies on the effects of production systems in par-
ticular. Similarly, Finamore et al. (2004) showed that lymphocyte proliferative capacity can 
differentiate between the effects of completely matched diets only differing in production 
factors, although this marker is less generally applicable since it requires that the animal is 
sacrificed. Lauridsen et al. (2005) showed that rats fed diets constructed from materials 
produced in three different production systems differed with regard to their sleep patterns 
(organically fed ones slept with less interruptions during the day), content of immunoglobu-
lin A (IgA) in blood (lowest in those fed conventional feed) and accumulation of adipose 
tissue (most fat was on the bodies of rats fed conventionally grown feed). Each of these studies 
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also evaluated a range of other health measures without finding any differences. Although 
neither study proved definitive benefits of foods from either system, they demonstrate two 
important conclusions:

1 it is possible to detect health impacts that are definitively due to the production methods; 
and

2 all of the five markers of health that they indicate as relevant for this purpose have generally 
not been tested in earlier studies.

A simple explanation of the failure of previous studies to detect any differences could be as 
a result of these studies not evaluating the relevant markers for health. Four of the markers 
(except lymphocyte proliferative capacity) can be assessed non-invasively (sleep, accumulation 
of adipose tissue) or in blood samples (IgA, protein oxidation), and are therefore suitable for 
use in human studies. In addition, all the markers can be assessed on a range of different 
animal species.

In this context, it is particularly interesting that to date, one of the most definitive studies 
of humans by Alm et al. (1999) compared the frequency of atopic disorders (allergies) in 
children from anthroposophic schools (based on Rudolf Steiner’s philosophy) with children 
from neighbouring public schools, and found that symptoms of allergy (current or past) was 
significantly lower among children attending anthroposophic schools. The children at anthro-
posophic schools ate predominantly organic food and substantial amounts of fermented vege-
tables, used antibiotics restrictively, had few vaccinations and were breastfed for longer. While 
it is not possible to identify a single factor to explain the observed difference among these 
children, the central link is the immune system, and that two of the four differing health 
aspects in the controlled animal studies (IgA content in blood, lymphocyte proliferative 
capacity) also relate to the immune system. A recent, more extensive study, PARSIFAL, with a 
similar design, confirmed this consequence of differences in lifestyle/diet across four European 
countries (Alfvén et al. 2006). Similarly, several early organic farming pioneers described 
improved disease resistance among animals and humans when consuming organic diets, as 
reviewed by Magkos et al. (2003). Such reports do not meet the standards of modern scientific 
investigations, and therefore should not be considered evidence of anything other than the 
beliefs of their authors, but if future controlled scientific studies confirm that food production 
methods do affect disease resistance of those consuming the food, these early observations 
may be seen as reflecting long-term consistent trends.

Overall, these studies show that despite the failure of most studies to show definitive direct 
effects on health, production methods probably affect food quality to the extent that they have 
a significant impact on health. These studies show that there is now a good basis for designing 
studies that can elucidate which production factors are important in this regard, and that the 
next step is to define and test these factors.

Indirect measurements of effects on health (content of beneficial substances)
Most studies intending to assess effects of production methods on food quality have done so by 
analysing the nutrient content and assuming that it would somehow be possible to translate 
these data into a ranking of effect on health. These studies, reviewed in detail by Woese et al. 
(1997), O’Doherty Jensen et al. (2001), Bourn and Prescott (2002), Soil Association (2002), 
Williams (2002), BMVEL (2003) and Magkos et al. (2003), have shown systematic effects, 
which can be summarised as follows.

In terms of levels of compounds indicated as positive for health, the composition of plants 
that obtain much of their nutrients from slowly released sources such as plant residues or compost, 
tend to differ from those provided large amounts of easily available mineral fertilisers as:
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•	 higher levels of ascorbic acid (vitamin C);
•	 lower levels of nitrate;
•	 lower levels of total N (often expressed as ‘protein’);
•	 higher proportion of essential amino acids in protein;
•	 higher zinc (Zn) to phytate ratios (on tropical soils);
•	 lower levels of β-carotene; and
•	 higher levels of plant secondary metabolites.

These differences relating to plant production methods are typically less than 50%, and are 
therefore lower than typical levels of variation resulting from other factors such as variety, 
maturity or climate. Since organic farming generally differs from conventional farming in this 
aspect of plant nutrition, these trends are seen consistently in comparisons of organic and con-
ventional produce, in particular in controlled studies where the other factors can be kept 
constant. These trends reflect general aspects of plant physiology (Stamp 2003), for example, 
they are also consistently reported in studies comparing different organic treatments or differ-
ent conventional ones. If the nutrient availability patterns differ among treatments, then a few 
studies showing different trends should not be given too much weight (e.g. Brandt and 
Mølgaard 2001, Magkos et al. 2003).

Correspondingly, products from animals fed a large proportion of grass or other relevant 
roughage have higher:

•	 levels of β-carotene and other carotenoids, such as lutein;
•	 proportions of conjugated linoleic acids in the fat;
•	 proportions of polyunsaturated fatty acids in the fat; and
•	 levels of vitamin E, in particular the active, natural isomer (e.g. Dhiman et al. 1999, 

Nielsen et al. 2004).

However, as reviewed by Willet (1994), very little is certain about the causal connections 
between food composition and health, in cases where the diet does not contain harmful levels 
of a toxin, and contains adequate amounts of all relevant nutrients, which is almost always the 
case for human diets in affluent countries where most organic food is consumed. As a conse-
quence, it is rarely possible to definitively determine that a particular compositional difference 
also implies a difference in impact on health (Brandt et al. 2004). However, that science cannot 
yet determine from a (rarely complete) list of contents which food is best for health does not 
necessarily mean that all foods are equal. Nor does it prove that differences on health effects 
(as described above) must be due to properties other than chemical composition, as some 
authors suggest (Meier-Ploeger et al. 2004). The only definitive conclusion is that it is not yet 
known which food components are the distinguishing ones for health. For example, if you 
follow all the official dietary recommendations, including eating 500–600 g of vegetables and 
fruit every day, it will prolong your life by 1–2 years compared with an average European diet 
(van’t Veer et al. 2000). But only 200 g of vegetables and fruit are needed to provide the recom-
mended dose of relevant vitamins and nutrients (Ali and Tsou 2000), the reason for the addi-
tional benefits from the further 300–400 g is not yet known to science (Brandt et al. 2004), and 
it is not yet known if apples are better than carrots, or if fresh carrots are better than cooked 
carrots. Whether organically grown carrots are better than conventionally grown ones would 
be more difficult to determine.

It may be unexpected that the plant secondary metabolites and nitrate are ranked as bene-
ficial compounds here, since nitrate was traditionally considered harmful irrespective of 
source, and many secondary metabolites are best known as toxicants (see Naturally occurring 
toxins – plant toxins). However, nitrate in vegetables is not associated with any diseases and 
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may have direct, positive effects on human and animal health by protecting against harmful 
bacteria (McKnight et al. 1999), the most substantial evidence being the discovery of active 
uptake and circulation of nitrate through the salivary glands. Whereas no subsequent papers 
have disputed the findings of McKnight et al. (1999), the safety guidelines on nitrate have not 
been revised. This illustrates how impossible it would be to model the impact on health of any 
increase or decrease of a component such as nitrate, when there is not even consensus on 
whether it should be considered beneficial or harmful for health.

Similarly, there are many indications that secondary plant metabolites are responsible for 
many of the otherwise enigmatic beneficial effects of vegetables and fruit. One argument is that 
they are the only components unique to these types of foods; another is that they exert an 
impressive variety of physiological effects, which makes it likely that at least some of these effects 
are positive, and outweigh other, negative effects (Dillard and German 2000, Brandt et al. 2004). 
Many scientists believe that the antioxidant effects of phenolics, carotenoids and related plant 
compounds are responsible for health benefits, but this hypothesis has not been neither proven 
nor consistently supported by any recent evidence (Stanner et al. 2003). This indicates that the 
documented benefits of vegetables and fruits probably result from the properties of plant sec-
ondary metabolites other than their antioxidant capacity (Brandt et al. 2004).

The levels of plant secondary metabolites/plant toxicants are more strongly and systemati-
cally determined by the production system than the other factors on the list. There is good 
consensus among scientists studying the basic interaction principles between plant resistance 
and the environment that high nutrient availability generally reduces the accumulation of 
these defence compounds, as well as resistance to diseases and pests (Stamp 2003). There are 
numerous observations, although surprisingly few scientific reports, that organically managed 
crops are less susceptible to diseases and pests than conventionally managed ones, if no pesti-
cides are applied. When pesticides are used in conventional systems, the lower susceptibility is 
revealed as similar infection rates in comparable crops (van Bruggen 1995) or sometimes even 
higher infection rates in conventional crops (Birzele et al. 2002). The higher resistance of 
organic crops is possibly a combination of nutrient management effects with selection for 
resistant varieties and other factors that support the development of plant defence mecha-
nisms, since organic farmers have been forced to observe and use any option that improved 
survival of the crop. However, in terms of impact on food quality, it may be less important if a 
particular plant is resistant due to genetic or environmental factors, as long as both mecha-
nisms imply a higher level of health-promoting secondary metabolites (Brandt Mølgaard 
2001). Very few data are available, since most studies have focused on nutrients or antioxi-
dants. However, some antioxidants are also defence compounds and are therefore likely to 
have health impacts through mechanisms other than antioxidant capacity (Brandt et al. 2004). 
Some examples include a preliminary study of wine, where the resveratrol content was on 
average 26% higher in organic than in conventional wines in paired comparisons of the same 
grape variety (with a range of –10% to +50%), while variety averages differed from between 
0.1 and 28 ppm (Levite et al. 2000). Weibel et al. (2000) found an 18% higher phenolic 
compound content (mainly protein-binding condensed tannins) in organic than in conven-
tional apples in paired comparison of the variety Golden Delicious. In a German study, the 
content of glucoraphanin in broccoli obtained from supermarkets and organic food shops was 
compared. The organically grown produce contained between two and six times higher levels 
of glucoraphanin than the conventional, although as a survey these data can only be seen as 
indicating a trend (Adam 2002). Glucoraphanin is one of the few well-documented health pro-
moting plant defence compounds.

Even if it became possible to precisely model the effect of these components on human 
health, the trends described cannot be used to claim that organic is always better or worse than 
conventional, due to the overlap between nutrient availability levels in organic and conven-
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tional systems (Figure 13.1). But it would then be possible to use compositional analyses as a 
tool to ensure that the quality of organic products was assured and preferably improved, and to 
thus claim that it is better than some defined level, even if some conventional products may 
also be just as good for health.

Regarding the compositional differences shown for animal products, whether they are 
important for health depends, as for the plants, on the overall composition of the diet of the 
people who eat them. The vitamin E content in milk is far too small for relevant differences to 
affect health (Nielsen et al. 2004), and too little is known about the dose-response relations of 
the impact of conjugated linoleic acids on health. However, the increased vitamin E level may 
still be important to prevent oxidation of the fat, a problem that can be exacerbated by increased 
levels of polyunsaturated fatty acids (Dhiman et al. 1999, Nielsen et al. 2004). However, while 
oxidised milk is clearly not good for health, its rancid taste and smell allows detection and 
rejection before consumption and thus prevents harm to health, similar to plant toxicants. 
Also in line with the plants, while the use of roughage is clearly more extensive in organic 
farming, some conventional farmers use almost identical feed compositions and are therefore 
likely to produce the same quality of products in this respect.

For practical reasons the plants of organic producers need to stay healthy, so farmers are 
unlikely to adopt new practices if they observe increased susceptibility to diseases and pests. If 
the above-listed hypotheses are substantiated, this will provide a guarantee that possible health 
advantages are retained even when new methods are adopted. There is, however, a risk that the 
development or adoption of effective methods to prevent diseases and pests, which do not 
depend on the intrinsic resistance of the plants, could relax this selection and thus lead to less 
health-protective plant composition. Awareness needs to be raised about monitoring plant 
resistance to diseases and pests as a key indicator not only of production efficiency but also of 
possible health benefits (and no harm will have been done if this turns out to be wrong).

A special case, and in many ways particularly important, is the effect on mineral balance of 
using slowly releasing phosphorus (P) from sources such as plant residues (from the previous 
crop) or phosphate rock for cereals grown in tropical low-phosphorus soils. Under these con-
ditions, fertilisation with readily available forms of P such as superphosphate is common 
practice in conventional farming. Three independent studies using different methods and 
concepts all showed that when treatments relevant for organic farming were the main source 
of P, the ratio of Zn to phytate (phytic acid) was substantially higher than when the plants 
received phosphate salts (Ali and Harland 1991, Buerkert et al. 1998, Ryan et al. 2004). The role 
of phytate in plants is to store P in a way that makes it less available to herbivores, so it is not 
surprising that this substance accumulates in plants in response to P fertilisation. It is also well 
known that increasing the phytate content in grain decreases the bioavailability of Zn, and that 
Zn deficiency is a widespread malnutrition problem for both humans and livestock in poor 
areas of developing countries (Grases et al. 2001). This represents one case where the link 
between food composition and health is well understood. The interesting aspect is that even 
under similar yield levels (5–50% lower than the compared conventional systems), the change 
in nutritional value caused by the form of fertilisation can be great enough to change Zn avail-
ability from nutritionally adequate to a level likely to make a diet deficient in this nutrient. The 
average yield level at four organic farms in Australia (Ryan et al. 2004) was 2.4 tonne per ha, 
while millet in Niger fertilised only with plant residues produced 1.0 tonne per ha (Buerkert et 
al. 1998). These yields are substantially higher than the average figures for Africa of 1.7 and  
0.7 tonnes per ha for maize and millet respectively (FAO 2004), often cited by biotechnology 
scientists as an argument for introducing genetically modified crops. The present production 
in Africa is a composite of commercial conventional production using some fertiliser and pes-
ticides, and traditional subsistence farming that depends on very long fallow periods (10–30 
years or more) to fully restore fertility after a few years of no-input farming. However, few 
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farmers in developing countries use the methods developed in organic farming to preserve and 
improve soil fertility without expensive inputs. Since commercial cereal farming tends to 
require extensive subsidies as a result of the high costs of fertilisers and pesticides, and exten-
sive fallow is no longer possible when population densities rise (Buerkert et al. 1998), based on 
the scientific evidence, only organic methods have demonstrated the ability to improve both 
yield and nutritional quality at the same time (Brandt and Kidmose 2002).

Perspecti�es
Once it becomes possible to determine some of the consequences for human health of the 
methods used for food production, and if the organic methods turn out to have a positive 
effect, an immediate result would very likely be increased demand for organic food. At the 
same time, such knowledge is also likely to lead to changes in farming methods in either 
organic or conventional production systems or both, since both farmers and regulating author-
ities are motivated to optimise the health value of all agricultural products, once it becomes 
known how to. In the slightly longer run, this could easily diminish or even abolish any advan-
tage existing for organic food, by enabling other systems to improve. Thus, it is quite impossi-
ble to predict the long-term consequences of such research for organic agriculture. Nevertheless, 
it will lead to improved food safety and quality for the consumer.

Rather than focusing on specific safety issues, many consumers as well as producers see 
organic food as representing the precautionary principle on their behalf (Torjusen et al. 2004). 
That organic principles effectively protected against BSE is perceived as an indication that they 
could also protect against other, as yet unknown threats to health, which may develop from 
the various types of ‘unnatural’ technology used in modern agriculture. Some authors even 
consider this type of ‘naive’ conviction as a threat to consumer safety and health, by diverting 
focus to unknown, possibly imagined safety risks rather than concentrating on efforts to 
improve the overall diet, such as increasing vegetable intake, which would have greater and 
more certain health benefits (Avery 1998, Trewavas 2001 2004).

Although any amount of data probably will not affect the convictions of those who repre-
sent the more extreme views at either end, this Chapter indicates where consistent patterns can 
be detected instead of just isolated observations, and points towards a future where knowledge 
regarding cause and effect will guide efforts to improve food quality in organic production 
and other systems.
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Introduction

Social justice has not been an integral part of the construction of the organic 
movement (Guthman 2004). Yet, today we are witnessing the emergence of new 
movements or perhaps a rejuvenation of existing movements, that seek to promote 
fair trade and new codes of conduct. The introduction of new concepts such as 
chain transparency, food chain awareness, food miles, ‘just food’ and sweat shops, 
and the appearance of bestseller books like Fast Food Nation, suggest an increased 
public concern about food that transcends health, taste and price, to include the 
social costs of food production.

This Chapter provides an overview of social responsibility within the organic sector, referring 
to different conceptualisations and discussions underway. Against this backdrop, the focus on 
social justice issues, as embraced by leading organisations in the field is discussed (see Social 
responsibility in the organic context), and a three-pronged approach for addressing social 
responsibility is presented and advocated (see A framework for approaching social responsibility 
in organic agriculture). Regulation, collaboration and learning are argued as three necessary 
and (potentially) mutually reinforcing coordination mechanisms for fostering enhanced social 
responsibility throughout the organic sector and furthering the social agenda. Regulation and 
collaboration are explored, with several examples provided to illustrate current manifestations 
of how these mechanisms work. These are the more developed and active forces within the 
sector. A learning approach is articulated in more depth (see Learning and social responsibility), 
with nuances and challenges considered.

Because learning is a less-developed approach, we make a case for learning to be embraced 
more fully. The argument draws on learning theory and applies this theory to the reality of the 
challenges facing the sector with respect to social responsibility. Two types of learning are dis-
cussed: instrumental and emancipatory learning. Instrumental learning is learning for social 
responsibility, whereas emancipatory learning is learning towards social responsibility. Dis-
cussion on emancipatory learning describes the spectrum from ‘big brother’ to ‘grassroots’ 
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learning and explores the role of conflict in this. Further, different levels of learning from 
interstakeholder to intrastakeholder and from micro- to meso- and macro- are all touched 
upon. A final section (see A three-pronged approach to social responsibility) reasserts the value 
of the three-pronged approach advocated and offers an example, internal control systems (ICS) 
for group certification in developing countries, to illustrate how regulation, collaboration and 
learning can overlap and reinforce one another to the benefit of all. This Chapter concludes 
with a reiteration of our argument that values the utilisation of all three coordination mecha-
nisms, and places the discussion back into the larger agricultural and societal contexts.

Social responsibility in the organic context
It is no surprise that the technological revolution that swept through agriculture in the 1950s 
fuelled questions by some of the pioneers of organic agriculture. After all, they were con-
cerned with the health of the soil, plants, animals and people, and were committed to main-
taining farms that were small in scale, self sufficient and accepting of the ‘natural’ order. 
The commitment of such individuals and discreet organisations transformed organic agri-
culture from a rather loose concept into a social movement with associated farming methods 
in the last quarter of the 20th century. This movement intentionally placed itself as an alter-
native to mainstream agriculture. The consolidation of fringe movements and subsequent 
evolution of these movements into a more coherent whole, which took place in the second 
half of the 20th century, was very much the result of a two-way process of societal demands 
shaping organic agriculture, and the organic movement gradually inf luencing some sections 
of society. Over time, the philosophical roots of the movement have been translated into 
standards to guide systems of production and, with the rapid expansion of markets and the 
appeal of high prices, the organic ‘movement’ has emerged globally as a recognisable sector 
within agriculture. Producers and producer organisations, certifying bodies, processors and 
traders, service providers, various organic interest groups and a plethora of other players 
now constitute this sector.

The international growth and development of the organic sector can be seen as positive in 
terms of its contribution to sustainable agriculture and the triple goals of social responsibility, 
economic viability and environmental integrity. However, the global nature of this expansion 
and the likely absorption, appropriation and concentration of organic agriculture by conven-
tional agriculture and its market structures, the so-called ‘conventionalisation’ of organic 
agriculture, and its consequences in terms of the original ideals of the organic movement, have 
been topics of recent intense discussion. The most rapid growth of organic farming has taken 
place in Europe. Michelsen (2001) described this growth as a breakthrough, whereby what was 
an obscure type of farming in the beginning of the 1980s had become an institutionalised 
form of production with its own dynamics in the market place by the year 2000 in some coun-
tries. The rising influence of the environmental movement over the same period leading to 
greater public interest in environmental matters, coupled with the prominence of a series of 
food safety concerns, are attributed to heightening consumer interest in organic products. The 
formal political recognition of the organic movement and ongoing policy formulations at the 
European Union (EU) level has complemented this growth process (Dabbert et al. 2004).

In the consumers’ minds, personal well being, taste, environmental values of a general 
nature and animal welfare concerns have been the more important motivations for buying 
organic food as opposed to an adherence to organic principles (Dabbert et al. 2004). Social 
values and social justice criteria have not been expressed as distinct driving forces for 
consumer behaviour towards organic agriculture in Europe. In a country like Denmark, 
which has the highest consumption of organic products per capita in the world, a prerequisite 
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for such high consumption is seen as a trustworthy and recognisable organic label, which 
guarantees that organic production rules have been observed (Wier et al. 2004). Public good 
attributes, such as improved animal welfare and environmental protection, were seen by most 
respondents as important features of organic production, even higher than private good 
attributes such as health. In the United States of America (USA), Allen and Kovach (2000) 
acknowledged that social and environmental relationships are not separable in practice, but 
went on to say that there was a disturbing invisibility of important social issues, such as labour 
relations and land tenure, within conventional agriculture as well as within its organic coun-
terpart. Social responsibility considerations may have been integral to the visions of pioneers 
in the organic movement, both producers and consumers, but these have been neither well 
articulated nor codified. In 2002, the social justice chapter of the organic ‘standards for 
standards’, the International Federation of Organic Agriculture Movements (IFOAM) Basic 
Standards (IBS), was renegotiated and rewritten (see A framework for approaching social 
responsibility in organic agriculture for details).

Institutionalisation of ‘organic’ �alues
Since the 1920s in Europe, a distillation of organic values, ideology and principles of the social 
movement have developed into standards, rules, regulations and eventually national legisla-
tions (Rundgren 2002). The development of the sector from locally entrenched fringe move-
ments to a more widely accepted alternative to conventional agriculture is a triumph, but not 
without compromises. The translation of organic movement values (Campbell and Liepens 
2001) into measurable indicators for standard verification and legal requirements has allowed 
industrial agriculture to enter into organic production. As a result, some argue, value-laden 
private sector standards are becoming input-based recipes and prescriptions. There has been 
much debate and controversy over what has been termed the ‘institutionalisation’(Kaltoft 
1999, 2001), ‘conventionalisation’ (Hall and Mogyorody 2001), ‘commoditisation’ (Buck et al. 
1997, Tovey 1997), ‘scaling up’ (Goodman 2000) or mainstreaming (Klonsky 2000) of organic 
agriculture. Concerns abound (Tovey 1997, Kaltoft 1999, Goewie 2002) that the widespread 
institutionalisation of organic agriculture is leading to an erosion and even loss of the move-
ment’s core values.

Figure 14.1 illustrates the relationship of organic agriculture within the agricultural sector 
and to society at large. Concepts of organic agriculture are socially constructed and ‘circulated 
in a dynamic way that continually mirrors and reshapes the contexts in which the production 
and consumption of organic produce occurs’ (Campbell and Liepens 2001, p. 26). This is also 
true of the social aspects of organic agriculture. The triangle housed within the organic sector 
(Figure 14.1) represents the social responsibility aspects of the movement, the three sides 
denote the three approaches we put forward as complementary (see A framework for approach-
ing social responsibility in organic agriculture): learning, collaboration and regulation. The rela-
tionship to broader society and the agricultural sector is relevant as different perspectives of 
social responsibility within the organic agriculture movement are explored.

Despite the inception of organic agriculture as a counter movement to the modernising 
processes of agriculture in general, recent concerns have been expressed in Europe and the 
USA about organic agriculture beginning to resemble and being incorporated into conven-
tional agriculture (Buck et al. 1997, Tovey 1997, Guthman 2004). In a more global context, par-
ticularly that of poorer farmers in developing countries, Alrøe and Kristensen (2004) raise the 
question as to whether it was important for organic agriculture to be retained as an opposition 
to modernising processes. Or can organic agriculture continue to modernise in its own way 
without compromising its original values and ideals, and its now more clearly articulated 
social responsibilities to citizens in poor and rich countries? Indeed, are there ways for organic 
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agriculture to pursue its own process, thereby contributing to a ‘desirable’ and socially respon-
sible modernisation of the global agrifood sector, and thus to the whole of society?

As part of setting its directions for research and development of the organic sector, the 
Danish Research Centre for Organic Farming (DARCOF) identified three basic principles for 
action: the cyclical principle, the precautionary principle and the nearness principle. The 
nearness principle implied that social aspects of food production can be improved by nearness 
between producer and consumer. Applied at the local level, as indeed had been taking place 
when the organic industry was small and agriculture very uniform in a country like Denmark, 
production, processing and marketing systems were proximate and transparent, and social 
justice concerns were hardly expressed. If the nearness principle is extended to the wider 
organic sector at national and global levels, it seems sensible to argue that emotional nearness 
would substitute for physical or geographical nearness when it comes to social responsibility 
concerns (DARCOF 2000).

Localisation as an alternative to the globalising process of agriculture and as a way of re-
establishing the proximity between producer and consumer has been attempted in organic 
agriculture and through several other related initiatives, such as farmers markets and commu-
nity-supported agriculture. On the basis of studying 37 local agrifood initiatives in California, 
which as a State has a long history of such initiatives, Allen et al. (2003) concluded that social 
justice may be difficult to construct at a ‘local’ scale. Despite the wide recognition of the issue 
of social justice of labour as problematic in California, these researchers found that social 
justice concerns of the agrifood initiatives they studied were more to do with food access and 
support for small farmers than with justice for farm workers in terms of recognition, wage and 
job security. Questions related to the position of seasonal workers in organic farms in Europe 
have not been addressed through research either. Paucity of information on social problems in 
organic farming and the lack of in-depth studies on working conditions for labour have been 

Social 
responsibility

Society

Agricultural sector

Organic sector

Figure 14.1 Positioning social responsibility in the organic sector. The arrows indicate the 
interconnectedness of the various contextual levels.
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highlighted by Oppermann (2003). A Danish study (Hansen 2004) on changes in the working 
environment for organic farmers revealed that not only the physical workload tends to increase 
on organic farms, but also the amount of psychosocial stress. The latter is mainly the result of 
the additional administrative workload and dealing with changes in market conditions, farm 
size and employee relations (Hansen 2004).

On the consumption side too, inequalities in access to food seem to be brought out by 
organic and other alternate food systems. The higher prices for organic food compared to con-
ventional food make organic food beyond the reach of poor people. Allen (1999) points out 
that it was the industrialised food systems that reduced income-related class differences in 
food consumption and made food more accessible to all. Ironically, the ways in which the 
emerging alternate food systems are structured threaten to reverse or break down this level-
ling. Goodman (2004), commenting on the new rural development paradigm of Western 
Europe and the new modes of food provision within it such as short food-supply chains, speaks 
of these initiatives as overlooking social justice issues. In the long run they will favour a new 
multitiered food system differentiated by income and class, and Goodman (2004) refers to 
those citizens unable to secure access to safe, quality and nutritious food as the ‘missing guests’ 
at the table. Ironically perhaps, there are now low-budget supermarkets such as the ALDI 
Group that offer very affordable organic products for a specific niche of ‘price aware, light 
green, soft bio-consumers’ (see Box 14.1 for a statement from ALDI on supply of organic 
produce). However, these same low-budget supermarkets have a poor track record when it 
comes to workers’ rights and providing adequate worker compensation.

The driving principles of low-budget supermarkets are obviously different from those of 
the certifying bodies of organically grown products. If there is a demand for a product, they 
will find a supplier. This leads to dilemmas for the organic farming sector. Berlin-based 
Märkisches Landbrot, one of Germany’s largest organic bread and muesli producers, typifies a 
perhaps overly principled stance. The company will not offer discounts to supermarket chains 
that are looking for organic suppliers. Märkisches Landbrot’s marketing director Sabine Jansen 
says that to offer cuts to the big chains ‘would do in the natural food stores’. For the same 
reason, Demeter is unwilling to supply goods it certifies to nationwide discount chains like 
Plus or ALDI. The result is that the organic products that fill Germany’s bargain grocery chains 
and upscale biosupermarkets increasingly come from somewhere else (Anonymous 2003).

A question arising from the social justice concerns referred to above in connection with 
contemporary organic agriculture sectors in Europe and the USA would be the degree to which 
some of these inequalities will be reproduced in ‘developing’ countries as their organic sectors 
begin to be shaped by the consumption patterns and institutional structures of the ‘developed’ 
countries. Raynolds (2004) reviewed the rising world organic trade and the expanding agrifood 
networks between developing and developed countries. The rigorous controls in place and the 

Box 14.1  Strategic marketing of organic produce  
(ALDI Australia 2006)

Do you sell organic products?
At ALDI our policy is to restrict our assortment to most-needed products. By 
concentrating our buying power on these high-demand items we provide unbeatable 
value to our customers. If demand for organic products continues to grow throughout 
the general population, we will include these in our product range – provided we can 
guarantee consistently high quality.
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developed countries’ market demands for continuous supply of quality goods no doubt leave 
the small producer in developing countries with few alternatives. Raynolds (2004) proposes 
the integration of these small-scale peasant producers into the Fair Trade network, and sees 
possibilities at the global level for greater convergence between the organic and the Fair Trade 
movements. In addition to Fair Trade links between producers in the developing world and 
consumers in the developed world, Jaffee et al. (2004) describe recent cases built on Fair Trade 
principles that operate exclusively between developing countries or exclusively between devel-
oped countries.

Initiati�es defining and addressing social justice in the organic sector
Many in the organic sector are disappointed with what may be seen as the reduction of the 
movement’s core values into technical packages of practices and prescriptions as to how to 
farm without chemicals. Stakeholders from a variety of backgrounds concerned with social 
justice in organic and sustainable agriculture convened at the IFOAM Conference in Victoria, 
Canada, in August 2002 to address key social justice issues and strategise on moving ahead 
with a social agenda. Through the Victoria meeting, a social justice survey was developed and 
disbursed with the intention of mapping the landscape of social justice within sustainable 
agriculture, seek out opportunities for collaboration and strengthen social justice in sustaina-
ble agriculture (Mattson et al. 2003). Some of the themes addressed in the survey were:

•	 general information social accountability;
•	 social standards and standard setting;
•	 using standards and verification of standards;
•	 formal and informal verification systems;
•	 use of Internal Control Systems;
•	 formal certification systems;
•	 social certification and organic certification systems;
•	 trading relationships;
•	 trade unions and workers associations;
•	 capacity building, market development and advocacy;
•	 research; and
•	 building a social justice community.

While the survey was ambitious, the response was disappointing with only 38 respondents. 
However, the social justice forum continued to seek innovative means to network internation-
ally and address social justice at a second meeting in Bangkok in November 2003 (Mattson et 
al. 2003). The Bangkok meeting revealed several gaps in organic and sustainable agriculture 
standards, among which were the following:

•	 mechanisms needed for implementation of social justice standards
•	 no means for farmer price-setting outside market forces
•	 no fair trade mechanisms in developed countries
•	 limited capacity among farmers to set standards
•	 no bottom-up strategies in place for evolving standards
•	 no definition of child labour within the reality of the farmers
•	 lack of food security mechanisms for small farmers
•	 lack of standards for buyers – community/rights and responsibilities/pricing
•	 lack of recognition for good practices among family/traditional farmers
•	 assessing whether standards undercut traditional market models
•	 no discussion of wild harvest products
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•	 no development element
•	 undocumented workers must be more comprehensively addressed
•	 better training for social justice needed (e.g. auditor training for social skills)
•	 no reference made to price setting and subcontractor/operator relationships
•	 land tenure of indigenous people needs to be addressed
•	 lack of technical assistance for compliance to producers
•	 IBS do not address farmer’s contracts with buyers
•	 standards address gender discrimination, but are not explicit about cultural values
•	 uncertified organic or ‘de facto’ organic is not addressed in standards
•	 regulations needed for the negotiation of fair contracts, and
•	 farmers need access to government programs.

These issues capture the constellation of concerns that are part of the ‘social agenda’ of the 
organic movement. Different organisations and individuals are working on different aspects of 
these concerns and issues in many different ways. The Rural Advancement Foundation Inter-
national (RAFI) and IFOAM are among them, and their efforts are outlined in the following 
paragraphs.

RAFI has developed a comprehensive set of social stewardship standards (Henderson et al. 
2003), with the intent of reincorporating social justice in sustainable agriculture and to address 
the gaps of other standards and growing concerns of many in the organic sector. The standards 
are divided into the following sections: farmer rights and buyer responsibilities; buyer rights 
and farmer responsibilities; indigenous people’s rights; farm workers’ rights; interns and 
apprentices. It is uncertain as to whether another label will emerge from these efforts or 
whether instead the promoters will continue to work with other standard-setting organisa-
tions to improve the standards that are already in place.

IFOAM, as the membership-based international voice of the organic sector, has partici-
pated in the social justice meetings both in Victoria and in Bangkok, as well as supporting the 
development and implementation of the survey described above. In addition, IFOAM has 
undertaken several key initiatives to address the social agenda within the organic sector, 
including the development of a code of conduct for traders, participation in the Social Account-
ability in Sustainable Agriculture (SASA) Project, coordination of three years of meetings to 
address smallholder certification, ongoing communication and collaboration with partners in 
fair trade, the development of the Organic Traders Charter and so on.

The SASA Project definition of social responsibility issues areas are well recognised as key 
social justice concerns internationally (SASA 2005). Key issues addressed in the project include:

•	 general information social accountability;
•	 freedom of association and right to collective bargaining;
•	 working hours;
•	 seasonal workers, contracts and undocumented workers;
•	 child labour;
•	 health and safety;
•	 wages/compensation;
•	 discrimination;
•	 basic treatment and disciplinary practices; and
•	 forced labour.

Although the breadth of social issues and the many conceptualisations of social responsi-
bility in the organic world are outlined earlier in this chapter, the SASA issues listed above are 
the main components of social responsibility considered further.
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A framework for approaching social responsibility in organic 
agriculture
This Chapter draws on the work of Niels Röling (2004) (Table 14.1). The three ‘ways of getting 
things done’ (Röling 2004) are modified to illustrate the current and envisioned options for 
social responsibility within organic agriculture. Röling distinguishes several change perspec-
tives that arise in the social sciences, drawing out similarities in the approaches. The first per-
spective emphasises hierarchy and (government) authority, and employs an instrumental 
approach that includes compliance to regulations. The second perspective puts emphasis on 
on market forces, economic incentives and compensation, and employs a rational choice 
approach with strategic underpinnings. The third perspective relies more on learning, stimu-
lating change, internalising concepts and building social capital and action among equals.

The three dimensions discussed in this Chapter are represented in Figure 14.2: learning, 
collaboration and regulation. The three dimensions are complementary but distinctive, relying 
on diverse coordination mechanisms, motives and motivations. Learning is a stimulating 
approach and regulation provides a framework, while collaboration entails communication 
with other stakeholders (organisations), recognising available expertise and building relation-

Table 14.1 Three perspectives encountered in different social science discourses (after Röling 
2004)

Perspecti�e Go�ernment-dri�en Market-dri�en Community-dri�en

Rural policy practice (Rob 
Schrauwen pers. comm., 
2005)

Regulating Compensating Stimulating

Rationalities (Habermas 1984) Instrumental Strategic Communicative

Bases for individual behaviour 
change (Kelman 1969)

Compliance Identification Internalisation

Preferred ways of arranging 
human affairs (Hood 1998A)

Hierarchy Individualism Egalitarianism 

Organisational coordination 
mechanisms (Powell 1994)

Hierarchy Market Network

Causes of ‘wealth of nations’ 
(Bowles and Gintis 2002)

Resources (such as 
power or access to 
natural resources)

Invisible hand of 
market forces

Social capital, trust, 
community

Institutionalisation (Giddens 
1984)

Domination, 
legitimation

Liberalisation, 
persuasion

Signification, 
communication

A Reference from the original table: Hood’s work is based on Mary Douglas’ cultural theory. Mary Douglas discerns a 
fourth dimension, fatalism, where the sense of belonging to a group is weak, but the domination by rules is strong.

Learning

Regulation

Collaboration

Figure 14.2 An integrative approach towards fostering social responsibility in the organic sector.
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ships that benefit the many people engaged. In creating and revising regulations, and when 
collaborating, learning will inevitably take place among those invited or encouraged to partic-
ipate. Although the nature and kind of learning taking place can vary, not all stakeholders are 
always invited. The three approaches are most fruitful when working together in a dynamic 
way with differences in emphasis depending on the context in which social responsibility is 
developed. Regulation is seen both as an outcome and an input for (further) learning, while 
regulation, or rather the process leading to regulation, is also seen as a learning process.

Regulation
Regulation is an instrumental approach depending on a hierarchy of standards, legal regula-
tions, accreditation systems and international guidelines. This approach to social responsibil-
ity depends on compliance to social standards set by stakeholders, some within the organic 
sector, others beyond it such as national laws and the International Labor Organization (ILO). 
Compliance to widely (internationally) recognised social standards is key to the success of this 
coordination mechanism. The strength of a regulatory approach is that it is binding, more uni-
versal (within a given frame of reference, e.g. a nation), is third-party verified, and it causes 
social responsibility and social justice to become entrenched in the system. Regulation is 
already a reality in the organic sector (see Chapter 9) and as such, the regulatory framework is 
outlined in the following subsection. The use of regulations and standards to set parameters 
and delimit the ‘playing field’ is indeed valuable.

Current regulatory framework
As the organic sector developed from multistranded, diverse and geographically and culturally 
distinct movements internationally, in order to assure integrity and retain value for the practices 
undertaken, ideals have formalised, being articulated as principles, standards, private certifica-
tion and later as regulations/legislation and international guidelines or standards. The Demeter 
label, first used in 1924, marked the beginning of this non-linear development process (Rundgren 
2002). There are about 360 private certification bodies internationally, many with their own 
standards for people certifying to US, European and Japanese regulations to allow access to those 
markets (IFOAM 2006). As of December 2001, 56 countries were at different stages of organic 
regulatory development, 32 with fully implemented regulations (Commins and Kung Wai 2003). 
The IBS were first published in 1980 and have been revised and voted on every two years (every 
three years as of 2002) by IFOAM members. IFOAM is working to harmonise both private stand-
ards, encouraging mutual recognition among accredited certification bodies (ACBs), and 
national regulations, to facilitate international trade in organic products. In addition, Codex Ali-
mentarius, a joint FAO/WHO intergovernmental body established in 1972, adopted organic 
guidelines in 1999 and livestock standards in 2001. These private and public definitions of 
‘organic’ set the parameters that govern producers and processors (see Chapter 9).

Compared to production aspects, the human side of organic farming has had less attention 
in regulatory developments. While social responsibility was a central tenet to many organic 
movements, it has been sidelined somewhat as the movements consolidated into a rapidly 
growing and diversifying sector. That said, IBS include a short chapter (8) on social justice. 
These ‘standards for standards’ apply to all ACBs accredited with IFOAM’s International 
Organic Accreditation Service (IOAS). ACBs accredited by the IOAS will be inspected during 
their verification visit as to how they are implementing these social standards. The following 
excerpt (Box 14.2) reflects the IBS chapter on social justice (IFOAM 2002).

These social standards are basic compared to the more comprehensive standards of other 
social certification and standard-setting organisations such as FairTrade Labelling Organiza-
tions International (FLO), Social Accountability International (SAI), Sustainable Agriculture 
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Network of the Rainforest Alliance (SAN), and the ILO. All IOAS-accredited certification 
bodies are expected to develop their own social standards based on these broad IFOAM stand-
ards for standards. Some private organic standards (IOAS accredited or not) already incorpo-
rate social standards into their certification. Often producer associations or cooperatives in 
developing countries are subject to social certification via fair trade in addition to their organic 
certification (SASA 2005).

Collaboration
Collaboration as discussed here refers to the engagement of multiple stakeholders with each 
other in the organic sector covering the entire supply chain to better address social justice 
issues. In Table 14.1, the middle column tends to refer to economic and market approaches. 
Collaboration is included because in addition to being an approach to (social) learning (see 
Box 14.3), collaboration is also very strategic and has potential cost-cutting and other economic 
benefits. In this way collaboration can be regarded as a ‘rational choice’ approach towards 
social responsibility.

At least two kinds of collaboration can be distinguished: collaboration among social and 
environmental certification organisations, and collaboration throughout the supply chain. 
The former refers to those in the organic sector working with experts in social certification. In 
this example of collaboration, the intent is not to develop comprehensive social criteria, but 
rather that the organic sector works with other certification systems that specialise in social 
issues. The second kind of collaboration refers to coordination throughout the supply chain 
and as such, is closely linked to the first. In order to ensure that social standards are upheld 
along the supply chain, coordination is required. An example is the complex organic cotton 
supply chain that involves among others: producers, ginners, spinners, dyers, exporters, cut/
make/trim operators, designers and retailers. Each step holds different ecological and social 
challenges and demands different skills to adequately address the risks.

Collaboration with organisations more experienced in social certification is a wise and 
vibrant endeavour for IFOAM. IFOAM, via the International Social and Environmental 
Accreditation and Labelling (ISEAL) Alliance, has a platform to generate and learn from such 

Box 14.2  IFOAM Basic Standards, chapter 8 on social 
justice (from IFOAM 2002)

General Principle
Social justice and social rights are an integral part of organic agriculture and processing.

Standards shall require that:
8.1  Operators shall have a policy on justice. Operators who hire fewer than ten (10) 

persons for labour and those who operate under a state system that enforces social 
laws may not be required to have such a policy.

8.2  In cases where production is based on violation of basic human rights and clear 
cases of social injustice, that product cannot be declared as organic.

8.3  Standards shall require that operators not use forced or involuntary labour.
8.4  Employees and contractors of organic operations have the freedom to associate, the 

right to organise and to bargain collectively.
8.5  Operators shall provide their employees equal opportunity and treatment, and shall 

not act in a discriminatory way.
8.6  Children employed by organic operators shall be provided with educational 

opportunities.
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synergistic relationships. However, while representing the organic sector, IFOAM is not the 
only participant: certification bodies, researchers, producers, consumers and other stakehold-
ers are also challenged to collaborate and make links between ecological justice (which the 
organic sector does well and has experience in) and social justice.

Learning and social responsibility
There is neither a single outlook as to what social responsibility entails nor a clear pathway 
marking how it can be achieved in the organic sector. As such, there are different ways to 
respond to the challenge. One response, a regulatory approach, (see A framework for approach-
ing social responsibility in organic agriculture) would be to look for the core meaning and com-
ponents of social responsibility in organic agriculture that are agreed upon (by some) and 
prescribed (to others) on a global scale. Discussion then would focus on questions to decide 
who should determine this core, how an agreed upon core can then be best transferred/com-
municated so that it is taken up by others and how compliance to standards and guidelines for 
practice derived from this core can be monitored throughout the entire supply chain. Through 
negotiation and consensus seeking, experts and (other) stakeholders can arrive at mutually 
suitable methods and processes for operationalisating social responsibility that can be imple-
mented and enforced on a global scale. Indeed, this has been the approach in developing 
IFOAM Basic Standards (including chapter 8 on social justice), as well as the broadly recog-

Box 14.3  Mango certification in Burkina Faso  
(from SASA 2003)

A small producers cooperative in Burkina Faso faces many challenges in achieving Fair 
Trade and organic certification, accessing socially and ecologically just markets and 
getting its produce (mangoes) to markets in Europe. The cooperative is spread out over 
many villages with each farmer working on small parcels of land (about 0.5-2 ha), with 
mango sales being just one part of their livelihood, though the degree of reliance on 
mango sales varies from one village to the next. Challenges include: farmer illiteracy 
exacerbating the need for good documentation, lack of resources for extension and 
inadequate regional knowledge on certification and group organisation to draw from, 
timing the fruit pick-ups to coincide with optimal ripeness (ripe, but not over-ripe), 
refrigeration for transport, and transportation to the port via a third country. These 
factors are among those demanding attention. In addition, the group seeks both fair 
trade and organic certification. Each system requires documentation and annual audits/
inspections to verify compliance.

In order to streamline the certification needs, local certifiers (FLO and Eco-Cert) are 
examining each other’s systems to highlight overlaps and where the other certification 
has higher demands (e.g. FLO has stronger social criteria – the organic certifier can 
accept FLO’s assessment as adequate to meet organic social criteria; and the organic 
certification has stronger environmental criteria, which are accepted as sufficient for 
FLO’s environmental criteria). By coordinating in this way (including the development of 
a joint audit template) the inspectors will decrease the time, resource and reporting 
requirements demanded of the cooperative, while at the same time ensuring the 
integrity of each system. These kinds of synergistic relationships are being experimented 
with in order to lessen the burden on small producers and to make more efficient audits 
possible.
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nised social issues that are taken up by leading social certification organisations (see Initiatives 
defining and addressing social justice in the organic sector). This response is widely practiced.

Another response to the many perspectives on social responsibility regarding organic agri-
culture is to acknowledge that working towards social responsibility involves questions regard-
ing values, ethics, justice and equity. Pathways towards social responsibility are unlikely to 
develop without friction, controversy and conflict. This view emphasises that we live in plural-
istic societies, characterised by multiple participants with divergent interests, values, perspec-
tives and constructions of reality. Furthermore, working towards social responsibility demands 
more than universally applicable recipes for social responsibility. Governments cannot rely on 
the exclusive use of legislation (Table 14.1) to enforce social responsibility. Most countries have 
basic laws regarding wages, working hours and child labour among others, but this does not 
necessarily mean they are adhered to. Standard-setting bodies cannot depend only on economic 
instruments (e.g. premium prices) to stimulate the whole supply chain to act in a socially 
responsible manner. Genuine social responsibility develops from within and is anchored in 
values and a deep conviction of what is considered ‘right’ and ‘just’ within a given subculture. 
The question then becomes more complex as to how can internationally recognised standards 
integrate with divergent local values (and vice versa). International standards, although they 
are more flexible than laws, are less dynamic than local standards.

Innovation and change in land use, production, processing and consumption can be seen 
as a result of the learning of individuals and groups active in the agrifood chain (see Figure 
14.1 as to the relationship between society and the organic sector). Likewise, learning can 
generate innovation, change and development of social responsibility in (organic) agriculture. 
There are many ways to conceptualise the relationship between learning and social responsi-
bility, but for this Chapter we address two possibilities: instrumental learning and emancipa-
tory or social learning. The main differences between instrumental and emancipatory learning 
lie in: the nature of knowledge, the process of learning, the role of the various stakeholders in 
learning, the origin of the goals that are being pursued and the object of learning (Table 14.2).

When exploring social responsibility by using this dichotomy, again two pictures emerge: 
learning for social responsibility (instrumental) and learning towards social responsibility 
(emancipatory).

Learning for social responsibility
The ‘for’ suggests that there is something known and agreed upon when it comes to social 
responsibility in organic farming. Indeed, there are legal and regulatory frameworks within 
which organic agriculture operates. As well as IFOAM’s social standards and private certifica-
tion schemes, the Charter for Organic Trade and the ILO guidelines among others address 

Table 14.2 Emancipatory versus instrumental learning

Instrumental Emancipatory

Nature of knowledge Static, finished (scientifically) 
agreed upon, universal

Dynamic, under construction, 
contested, contextual

Process of learning Transmission, instruction Transformation, co-creation

Role of learner Consumer/user of knowledge Producer/user of knowledge

Role of initiator Instructor Facilitator

Origin of learning goals Pre- and expert determined 
from the outside

Self-determined from within

Object of learning Tailor made for specific target 
groups

Multiple stakeholders in an 
integrative setting
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elements of social responsibility. Experts, policy-makers and special interest groups have influ-
enced these frameworks, schemes and codes, and seek to get producers, processors and traders 
to adopt them. Through information, extension, persuasion, rewards and punishment, relevant 
participants can be moved to comply with the standards, norms and guidelines that have been 
set. This type of learning can be categorised as instrumental (Table 14.2). It relies heavily on 
the regulations and standards already in place.

Learning towards social responsibility
‘Towards’ suggests that while there are a constellation of ideas as to what social responsibility 
entails, the lack of consensus about the implications of an exact meaning in variable contexts 
prevents global prescriptions. Although there is certainly agreement about basic components 
of social responsibility and social justice, more nuanced understandings and applications need 
to be constructed contextually in an integrative process involving all stakeholders.

Some would argue that consensus about an ill-defined issue such as social responsibility is 
undesirable from a radical democracy perspective. Radical democracy offers a way of thinking 
about difference, as opposed to seeking consensus. Democracy, from this perspective, depends 
on differences, dissonance, conflict and antagonism so that deliberation is radically indeter-
minate (Goodman and Saltman 2002). In this view, the conflicts that emerge in the explora-
tion of social responsibility are prerequisites rather than barriers to reaching more sustainable 
solutions. According to Chantal Mouffe (Mouffe 2002, p. 73):

We should acknowledge and valorise the diversity of ways in which the ‘democratic 
game’ can be played, instead of trying to reduce this diversity to a uniform model 
of citizenship. This would mean fostering a plurality of forms of being a 
democratic citizen and creating the institutions that would make it possible to 
follow the democratic rules in a plurality of ways.

Social responsibility can be seen as a process that negotiates language meanings and 
cultural understandings between equal parties with equal access to the negotiating table 
(Goodman and Saltman 2002). Where such equality is lacking, measures need to be taken to 
overcome inequalities to create more optimal conditions for social learning. As such, social 
responsibility can be viewed both as an evolving product and an engaging process. Social 
responsibility as a social learning process deserves more attention as do the more accepted 
concepts of social responsibility as an expert predetermined transferable product (i.e. as set by 
a law or standard).

If the premise is accepted that there is neither a single outlook on what social responsibility 
entails nor a process to achieve it, then one might also accept that determining the meaning of 
social responsibility is a process that involves all kinds of stakeholders in many contexts, people 
who may not agree with one another. There are different levels of self-determination, responsi-
bility, power and autonomy people can exercise while engaged in such issues or disputes. In 
dealing with conflicts about how to organise, consume and produce in socially responsible 
ways throughout the organic supply chain, learning does not take place in a vacuum but rather 
in rich social contexts with innumerable vantage points, interests, values, power positions, 
beliefs, existential needs and inequities. The amount of f lexibility that individuals have for 
making their own choices, developing possibilities to act and for taking responsibility for their 
thoughts and actions, varies (Wals and Jickling 2002, Wals and Heymann 2004).

A continuum can be used to indicate the different levels of self-determination, self-respon-
sibility and autonomy people can exercise within social responsibility-oriented learning proc-
esses that are directly related to the individual’s room to manoeuvre. Another continuum can 
be distinguished, one expressing the degree of openness and the extent to which outcomes and 

010602•Organic Agriculture 3pp.i341   341 30/4/06   4:45:11 PM



Organic agriculture: a global perspective342

processes are prescribed to citizens. The resulting force field (Figure 14.3) shows four different 
conceptualisations of social responsibility and the role of citizens in moving towards social 
responsibility (Wals and Jickling 2002).

The upper left quadrant of the force field can be named ‘big brother’ or instrumental social 
responsibility: social responsibility that has been authoritatively determined and defined by 
experts and prescribed to relatively obedient and passive citizens (see Orwell 1949). The lower 
right quadrant represents grassroots social responsibility, characterised by the active and 
critical involvement of competent and action-oriented citizens with high levels of self-deter-
mination in finding pathways towards ‘social responsibility as agreed upon by all’, and high 
levels of empowerment and self-actualisation. Whether the resulting society is sustainable or 
would be viewed as ‘socially responsible’ from the outside is questionable, but people might be 
happier with their situation (as compared to the first scenario), at least for a while.

The other two cells represent forms of social responsibility characterised by a limited 
openness and/or involvement. This can be seen, for instance, when groups are encouraged to 
actively participate in the implementation of a guideline for social responsibility that has been 
predetermined without their involvement. Limited or even false participation is often the 
result.

Figure 14.3 as presented here is perhaps normative with a bias towards openness and par-
ticipatory democracy. The bias is somewhat contrived when considering, for example, the role 
of expertise. In the upper left quadrant there is a tendency to downplay ordinary peoples’ 
voices and to stress expert knowledge (‘the experts know what’s right, the others know 
nothing’), while in the lower right quadrant there is a tendency to downplay expert knowledge 
and to stress the ordinary peoples’ voices (‘leave it to the people and their own local knowl-
edge, without outside interference’). A more fruitful approach may be to consider each 
quadrant as a potential starting point towards social responsibility and to recognise that all 
quadrants have something valuable to offer. This becomes immediately clear when we return 
to Table 14.1 and Figure 14.2, which emphasise the utilisation of multiple perspectives depend-
ing on the context and the stage of development. Figure 14.3 can be reflected upon as a heuris-
tic device that can support the analysis of positions adopted and alternative future directions.

Instrumental SR 

Grassroots SR

Transmissive
Predetermined

Prescribed
Closed

Authoritative
Deferential/Compliant
Training/conditioning

Participatory
Active citizenry
Social learning 

Socio-Constructivist
Transformative

Transactional/Co-created
Socially critical/action-oriented

Open

I II

III IV

Figure 14.3 Emancipatory and instrumental perspectives on fostering social responsibility in the 
organic sector (after Wals and Jickling 2002).
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Conflict in social responsibility
In considering the levels of self-determination illustrated in Figure 14.3, different types of 
potential conflicts can be envisioned to emerge as stakeholders endeavour to move towards 
social responsibility. The two extremes are the big brother instrumental approach and the 
grassroots emancipatory approach towards social responsibility and citizen involvement. In 
big brother social responsibility, conflict is avoided or kept under the table internally, by using 
‘objective’, rationally determined standards or norms. An abundance of social standards, 
guidelines and regulations to achieve this can be cited (e.g. ILO, Fair Trade, SA8000, IFOAM 
IBS chapter 8, national labour laws). After determination of the norms and standards, a range 
of instruments are used for implementation or enforcement: laws, legislation, regulation, 
reward and punishment schemes, (mandatory) training and instruction or financial incen-
tives. These instruments leave people little choice but to adapt the expected behaviour , if they 
aspire. Conflict might emerge internally when setting the standards and deciding on how to 
implement them, but once agreed upon, any doubts about the standards are masked as much 
as possible. This gives producers and consumers confidence in the reliability of the scheme. 
When rules are broken, standards are either not met or are met superficially, or critiqued by 
certain groups, conflict does emerge eventually among those affected by the rules, regulations 
and standards.

In grassroots social responsibility different perspectives, kinds of expertise, values and 
interests converge in a consensus-seeking process in which conflict is inevitable. Cultivating 
conflict and using conflict as a force for conceptual change and creative problem solving is a 
prerequisite for arriving at solutions that people can identify with and act upon. Ownership of 
solutions is thus engendered. Social responsibility in this approach is rooted in local contexts 
taking on many forms and shapes as contexts change geographically and over time. Social 
responsibility develops on the edges of carefully facilitated and sometimes mediated encoun-
ters between different interests, values and world views. In an ideal social learning process, all 
participants involved jointly arrive at a temporary vision of social responsibility which they 
share and identify with. In the last analysis, social responsibility in this context comes more 
from within, rather than from outside. There may not be consensus about everything but there 
might be a renewed sense of community and interdependency, and even respect for differences 
or respectful dissension (Lijmbach et al. 2002) and radical democracy (Goodman and Saltman 
2002). This quadrant has its f lip side. There will always be differences in knowledge bases, 
access to resources, including networks and therefore inequities which lead to conflict and 
even demand more instrumental guidance and/or outside expertise, if only to help overcome 
these inequities. Likewise, big brother learning has its positive side where it can make trans-
parent and transferable the values/standards necessary for certification.

Inter and intrastakeholder learning

‘Bettering the condition of our farm workers shouldn’t fall solely on the farmer’, 
says Muller, a 25-year veteran of organic farming. Everyone in the food chain needs 
to adopt a sense of fairness and responsibility for the well-being of farm labourers. 
It needs to be a partnership through the whole agriculture system, with wholesalers 
and consumers paying fair prices that then assure that farm workers are adequately 
compensated in an equitable way. The equation of greater social responsibility 
needs to be integrated though the whole food system (Kupfer 2004).

When viewing the role of learning with respect to social responsibility, the levels of learning 
need to be identified. Three such levels can be distinguished: micro, meso and macro. The 
individual learner (i.e. the farmer) who learns from experience or from others, particularly 
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from other farmers, is placed at the micro level (Figure 14.4). Micro level learning can be both 
informal and more formally organised (e.g. in farmer field-schools, farmer groups for co-
learning, farmer study groups). At the meso level (Box 14.4) are communities of learners at 
local and regional levels or at a particular point in the supply chain (i.e. learning within coop-
eratives, farmer associations, trade unions, processing facilities).

Learning at the meso level requires that multiple stakeholders meet somewhere or somehow. 
Here too, informal and more formally organised learning can take place. Examples of more 
informal social learning at the meso level include farmers’ markets where consumers and pro-
ducers interact and learn from the interaction (Box 14.4), or microfinancing schemes where 
policy makers, intermediate institutions and poor farmers interact around loan schemes 
(Pretty 2002) or where standard-setting organisations work jointly on a project to address 
shared issues. The meso level may also be relevant within a particular circle (i.e. producer asso-
ciations, trader forums, unions, consumer associations, platforms of ACBs, standard-setting 
organisations) and can become a first step towards more systemic learning (e.g. subsystem 
learning). The SASA project is an example of systemic learning (Box 14.5).

At the macro level there is systemic learning that takes place within an entire sector, involv-
ing all stakeholders in the supply chain and certification hierarchy. A key assumption underly-
ing this type of learning is that the whole system is more than the sum of the participants and 
their relationships making up the system, and that systemic innovation can take place only 
with the full participation of all contributing to the system.

farmers

processors

tradersconsumers

regulators 

Individual learning (micro level)

Organisational and Inter-organisational
learning (meso level)

Systemic learning (macro level)

Figure 14.4 Levels of learning among stakeholders in the organic sector. Learning levels shown 
are micro (individual learning), meso (organisational and interorganisational learning) and macro 
(systemic learning).
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When looking at social responsibility issues, many require a systems approach to arrive at 
sustainable solutions. Macro level learning is complex and hard to organise, and examples of 
multilevel, systemic, chain-oriented learning (MLSCL) are rare, certainly within the context 
of organic farming. Most multinational companies such as McDonalds, Unilever and Nike, 
considered to be operating successfully at a global scale, owe their success to creating tightly 
knit chains that respond quickly to changes in the global economy. Although the added value 
of these chain-oriented companies tends to be limited to economic value and the distribution 

Box 14.4  United Farm Workers of America – an example 
of meso-systemic learning (UFW 2001)

The United Farm Workers of America, AFL-CIO and community allies are working on a 
new initiative with nationally renowned consultants, major retailers, and local growers to 
develop a formula that will ensure a greater return to the farm gate, guaranteeing fair 
prices, justice, and dignity to Washington State farmers and farm workers.

The initiative is guided by the principles that farmers should earn a fair return for their 
investment and farm workers deserve just wages and decent work conditions. 
Contractual agreements between the United Farm Workers, willing growers and retailers 
will guarantee that the grower and farm workers get a fair share of the consumer dollar.

A collectively bargained contract between the grower and the workers will ensure safe 
and just conditions for the workers. However, consumer support, commitment, and 
demand is key! We need to demonstrate to retailers and growers that consumers, like 
you, will buy apples – that mean fairness to growers and farm workers! We believe that a 
significant number of consumers care about what you eat, how it is produced, and 
whether those who produce and harvest your food can sustain themselves. Show 
Washington State farm workers that you care!

Box 14.5  Social Accountability in Sustainable Agriculture 
(SASA) Project as an example of systemic learning (SASA 

2005)

The SASA Project was a two-year initiative (February 2002–April 2004) of the ISEAL 
Alliance undertaken by four platform members: IFOAM, SAI, SAN and FLO. The project 
was coordinated by Sasha Courville at the Australian National University in Canberra.

Nine audit exercises on nine different production systems provided shared learning 
experiences in a variety of contexts that fed steering committee discussions and learning. 
Pilot audits included: bananas in Costa Rica, mixed farms in Italy, orange juice in Brazil, 
rice in Thailand, flowers in Colombia, mangoes in Burkina Faso, strawberries in the USA, 
coffee in Costa Rica, and cotton in Uganda. Participants in the audits included 
representatives from each of the participating organisations at many levels: producers, 
internal inspectors and extension workers, certification bodies, standard-setting bodies 
and researchers.

Outcomes of the project included documents with recommendations on the following 
topics:
• standards;
• collaboration opportunities among participating organisations; and
• Internal Control Systems for small producers in developing countries.
Steering Committee members are presented the SASA recommendations to their Boards.
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of the added value can hardly be called equitable, these chains seem to be very effective. There 
are some examples of MLSCL-learning in watershed or catchment management schemes that 
involve multistakeholder social learning. Examples of MLSCL within the organic farming 
context that seek to create added value not only economically, but also ecologically and 
socially within the entire chain, tend to be regionally oriented, although there are also some 
transnational examples.

The development of social responsibility can be seen as a dialectic between intrinsic 
(personal values) and extrinsic motivations (external pressures). This dialectic occurs at all 
three levels.

A three-pronged approach to social responsibility
Although so far this Chapter has focused predominantly on the learning approach towards 
social responsibility, we advocate a mix of coordination mechanisms to stimulate, regulate 
and provide incentives for social responsibility throughout the supply chain. By providing 
stimulating learning and cooperation among organisations that promote social responsibil-
ity, and by solidifying that what is learnt in agreed-upon and broadly supported rules and 
regulation, a three-pronged approach serves the sector well. Although learning is a ‘soft’ tool 
that allows room for errors, local variation, differing conceptualisations and the generation 
of a sense of ownership and internalisation of values, regulations delimit the playing field, 
also for those unable to participate in the learning and collaboration processes described in 
this Chapter. Box 14.6 illustrates how the three coordination mechanisms can work together 
providing a basis for change and the development of stronger social responsibility in the 
organic sector.

The ICS combine the three coordination mechanisms put forth in this Chapter as potential 
approaches towards social responsibility, at the farmer level, or more specifically, at the devel-
oping country small farmer cooperative level. By drawing in and developing the learning 
element of internal control systems, producer organisation ICSs can become learning organi-
sations with systemic learning as a key component of their operational process.

The ICS is an example of a meeting point between grassroots and big brother learning. At 
the grassroots level, farmers learn about technical aspects of organic production, learn to 
organise themselves (in a cooperative in some cases) and provide documentation of their 
farming practices. In addition, a structure is in place through which community initiatives 
can be pursued (e.g. a Thai rice cooperative wherein self-sufficiency objectives were met via 
the ICS structure). At the big brother level, the ‘rules’ are set by the certification body; however, 
the producer organisation must adapt and internalise the standards by creating a manual that 
expresses the group’s goals, localising them to reflect local challenges and risks.

Regulations and standards are necessary parameters, especially when they emerge from a 
multistakeholder social learning process, and when they are not carved in stone but seen as 
f lexible outcomes in need of constant revision. They are important in defining what is interna-
tionally accepted in terms of social justice. Many issues, including workers’ rights, child labour 
and freedom of association demand clear international guidelines as organic food chains tran-
scend local realities. Informing those who did not participate in their creation is a more instru-
mental process, although giving them meaning in a local context is not. Likewise, other issues 
(see Introduction and Social responsibility in the organic context) may be more amenable to local 
variations and interpretations. For these issues, a more emancipatory learning approach 
appears more appropriate. Collaboration and social learning at multiple levels throughout the 
supply chain between organic and social standard-setting bodies is key to addressing and 
improving this neglected piece of the organic movement.
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Conclusions
Different kinds of learning about and towards social responsibility and at multiple levels are 
essential ingredients to improving social responsibility within the organic sector. Formation of 
coalitions, political alliances and innovative networks, as well as creative use of confrontation 
and conflict, would all make for many forms and levels of learning and lead to progress in the 
social responsibility arena. Collaborations like these within the sector need to be crystallised 
in agreed-upon and somewhat flexible regulations and economic incentives that support the 
sector and promote further learning.

To reiterate our conclusions and recommendations, social responsibility in organic agri-
culture needs to include:

1 Standards and/or regulations on baseline social issues (see e.g. ILO, SAI, fair trade, IBS 
Chapter 8), created and supported by multiple stakeholders in the organic food chain.

2 Collaboration between organic standard-setters and certifiers with other social standard-
setters and certifiers (e.g. FLO, SAI, SAN, ILO, trade unions) to better address social 
responsibility.

3 Learning on social responsibility needs to be embedded at all levels within the organic 
supply chain (producers, processors, exporters, wholesalers, retailers) and certification 
hierarchy (standard-setting organisations, certification bodies, farmer organisations, 
farmers). Ideally the standards and regulations listed under a hierarchy are – temporary 

Box 14.6  Internal Control Systems – combining 
coordination mechanisms for social responsibility (R. 

Pyburn, PhD research on ICS as part of the SASA Project)

An Internal Control System (ICS) is a certification mechanism that allows smallholders in 
developing countries to access organic markets through producer group certification. 
First developed in Latin America in the 1980s as a development tool, ICSs allow 
producers to come together as a cooperative or an association for marketing and the 
certification of production. IFOAM estimates that there are over 350 producers groups 
with 150,000 members internationally (March 2003 Position paper) and that about 60% 
of organic produce sold in Europe comes from developing countries.

Organic ICSs have required elements that include:
• internal monitoring system;
• external verification that focuses on the system with samples based on risk assessments 

of individual producer farms;
• internal system for extension and capacity building; and
• joint marketing.

The ICS that are certified to IOAS-accredited certification body standards are 
compelled (as of the 2002 IBS revision) to comply with chapter 8 on social justice (see 
Box 14.2) as well as the rest of the IBS. In addition, many ICSs are part of producer 
cooperatives that also have fair trade certification. As such, additional social justice and 
development standards are in place – the regulatory and collaboration dimensions. The 
learning element of ICSs is perhaps the most dynamic and interesting. Extension is an 
integral and essential aspect of ICSs – and is predominantly used for technical issues. 
However, ICSs, once in place are often a framework for other kinds of development and 
learning (e.g. parallel systems – HIV/AIDS education in Uganda via EPOPA Projects, local 
community economics in Thailand).
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and always subject to revision – outcomes of such learning as opposed to the outcome of an 
instrumental process dominated by just a few powerful interests.

Fortunately, there has been much recent progress towards these goals via the innovative SASA 
Project and other ISEAL Alliance platform initiatives, IFOAM’s Charter on Organic Trade and 
Code of Conduct for Organic Trade, and fair trade/organic certification collaboration in the 
field. The levels and kinds of learning presented are meant to provide opportunities and 
(organic) food for thought on how to stimulate the sector with respect to social responsibility 
and nourish the endogenous, local spirit of the organic ‘movement’. More research needs to be 
done to understand the interface and interplay between the three proposed mechanisms, if 
only to get a better grip on how to coordinate the three mechanisms and to create the proposed 
synergy between the three. The coordinating mechanisms and responsibilities within the 
entire chain need to become clearer in order to foster social responsibility throughout the 
organic sector that is grounded in social learning and is supported by a dynamic framework of 
standards and regulations.
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Special topic 5

Voice from the other side: a Ghanaian �iew on 
organics

Kees van Veluw*, Agro Eco Consultancy, The Netherlands
*Dr Kees van Veluw, Agro Eco Consultancy, PO Box 63, Bennekom 6720 AB, The Netherlands. Tel: +31 0 318 420405,  
Fax: +31 0 318 414820, Email: k.vanveluw@agroeco.nl

Introduction
This special topic was written to explain and emphasise a radical change in agricultural devel-
opment in Africa. It shows that organic farming and an organic process of development helps 
Northern Ghanaian farmers better than conventional development projects.

The changes that have to be made include the following:

•	 Any change in (agricultural) development should start from the existing (agricultural) 
practices, yield levels, knowledge and attitude and not from the promises, potentials or 
perspectives of a new, to be introduced, technology (see The African backbone is agriculture 
and The traditional production level).

•	 Development projects should change from a technical orientation of development into a 
mix of technical, social and cultural orientation because Africans have a multidisciplinary 
or integrative view on life, sustainability and on development (see Extension is technically 
oriented and The organic approach: sustainability as a subject of extension and participation 
as an extension method). As one farmer said: ‘Soil erosion is soul erosion’.

•	 Development projects should change from top-down processes towards bottom-up 
processes (see Extension method is top down).

•	 Development approaches should change from a disciplinary subject through a top-down 
extension method into a integrated topic through a participatory development process 
(see The organic approach: sustainability as a subject of extension and participation as an 
extension method and Participatory extension methods.

Organic farming is more than a way of farming; it is also a way if living and developing. 
Organic farming links an integrative way of farming with a participatory method of develop-
ment to reach sustainability. In experiences recounted in Voice from Northern Ghana: organic 
farming and participatory extension, practical examples and achievements from Northern 
Ghana are presented. The challenge: ‘stop soul erosion’ is a plea for more projects that combine 
organic farming methods with participatory extension methods instead of repeating top-down 
approaches to introduce new techniques such as genetically modified crops. The potentials of 
organic techniques and bottom-up development processes have been underestimated and 
should be tried out far more.
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The African backbone is agriculture
The backbone of African societies is agriculture. Most African farmers first produce to feed 
their own families, and second produce for the national and world market. In general, soils are 
poor and fertility is easily lost by bad practices. In Ghana, for example, soil fertility is always 
threatened by human activities like tree felling, bushfires and stray animals (Figure 1).

In Ghna it is very clear: agriculture is the carrier of society. If agriculture is not developing, 
then other development (e.g. education, health, literacy, food security) will be very difficult. In 
Northern Ghana, about 30% to 40% of children are malnourished (GDHS 1998). These 
children grow into adults with a limited capacity to contribute to the labour force and enact 
change, which will impede development. Although more than only food security is needed to 
prevent malnutrition, agriculture is the starting point for development.

The traditional production le�el
Grain production yields, especially maize, the most important staple crop in Northern Ghana, 
range from 1000 to 4500 kg ha–1 (Iddi 1996), depending on the rate of inputs. When farmers do 
not use inputs, and this includes most farming households, production levels are determined by 
natural processes like deposition by the desert wind called the Harmatan, nitrogen fixing by 
leguminous weeds, erosion from higher located fields and the use of animal manure (Table 1).

Maize contains 9% protein, and protein contains 16% nitrogen (N). A maize yield of 1 
tonne containing 14.4 kg N, means an N efficiency of 70%. This is already quite high. When 
erosion occurs or manure is not applied, yields will reduce immediately. Where natural inputs 
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Figure 1 Soil fertility in the Northern Ghanaian context.
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are the main inputs, yield levels will be around 500 kg ha–1. This means that whenever a farmer 
uses inputs, yield level will increase tremendously. The most important question is: by which 
extension method can we convince farmers to use locally available inputs like animal manure, 
compost and green manures?

Extension is technically oriented
Existing agricultural policy and extension techniques are not successful in increasing soil fertil-
ity. The recommendations of Lynn (1937) to improve soil fertility and food security in 1937 
(Box 1) are the same as the focus of Ministry of Food and Agriculture in 2005 (GV2020 2005).

The recommendations of Lynn (1937) and the Ministry of Food and Agriculture in 2005 
(GV2020 2005) have never been promoted in a successful way. The main reason for this is that 
the focus of extension was too oriented on the use of chemical fertilisers, pesticides and hybrid 
varieties. Green revolution techniques in Ghana did not result in increasing soil fertility levels 
and thus, yields. Besides that, chemical fertilisers can never be the solution since the prices of 
fertilisers and pesticides over the last 15 years have been on such a level that farmers cannot 
afford them. Farmers also observe the negative impact of chemical fertilisers on soil structure 
and soil life (Box 2).

The ‘training and visit’ method of extension that accompanied the green revolution is, as 
such, not a bad system of extension, partly because there is room to include social and cultural 
issues. But whenever this system uses only a technical approach, promoting green revolution 
farming without considering the ecological, social and cultural context of rural families, the 
developmental effect is very limited. Or even worse, it makes farmers dependent on the fertiliser 

Table 1 Nitrogen balance of traditional maize farming in Northern Ghana

Nitrogen input (kg ha–1 y–1) Nitrogen output

Harmatan dust 5 1000 kg maize 14.4 kg N kg ha–1 y–1

Leguminous weeds 10

Manure 3 Nitrogen 
efficiency = 

(N output / N input) × 
100%Erosion 2

Total 20

Box 1  Recommendations by C.W. Lynn (1937)

Mr Lynn was a British agricultural superintendent studying ‘indigenous agriculture’. In his 
publication Agriculture in North Mamprusi he mentioned the following suggestions to 
improve farming systems:
• growth of a greater diversity of crops
• the introduction of crop rotation
• using cow manure to fertilise the soil
• cultivation of green manures
• use crop residues as litter instead of burning them
• plant crops in ridges made on the contour
• grow more rice in waterlogged areas
• improve varieties of seeds
Yield levels of maize, sorghum, millet and rice at that time were about 600 kg ha–1.
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industry and when farmers do not supply their soils with organic matter to catch and hold the 
nutrients, the soil degrades and erodes to such a level that the land can no longer be used for 
farming. The technical approach to develop agriculture has failed in Northern Ghana.

Extension method is top down
The present focus of the Ministry of Food and Agriculture (GV2020 2005) and other agricul-
tural non-government organisations (NGOs) in Northern Ghana is still the same as the rec-
ommendations given by Mr Lynn in 1937. Sixty-seven years of agricultural extension and still 
the same problems! How is that possible? In many discussions with farmers, an additional 
problem was found with top-down extension methods. Many of the extension workers, 
researchers and politicians see rural people as backward and do not see the value of rural 
knowledge, views and attitudes. Top-down extension methods do not support agricultural 
development in this situation.

The organic approach: sustainability as a subject of extension 
and participation as an extension method
Many experts in development emphasise that development should start from traditional 
knowledge, attitudes and practices and should fit into the local way of reflecting, thinking and 
doing. To introduce any new techniques without an idea or feasibility study on how these tech-
niques could fit in the social set up of the community and how they fit in the worldview of 
rural people, may easily lead to disappointments or as scientists say to ‘low adoption rates’. 
Boxes 3, 4 and 5 reflect the integrated view of rural people. This complex mix or complete inte-
gration of material, social and cultural meaning of trees, animals, machines and so on should 
be the starting point of a development process.

A disciplinary solution towards a multidisciplinary problem will not work. Besides this 
single technical focus on development, the top-down approach of introducing new techniques 
does not fit into the traditional way of communication and development. Traditionally a new 
technique is, after introduction into a Ghanaian community, discussed at the community level 
in a meeting where groups (e.g. elders, women, the youth), opinion leaders (e.g. the teacher, 
local politician, traditional priest, pastor ) and people from outside (e.g. government extension 
worker, university researcher) put forward their points of view. The task of the chief is to come 
to a decision that is supported by all participants of the meeting. This process takes time, 
sometimes even years. But the village meeting is normally the place where important decisions 
are discussed and made. Too many development projects in Ghana do not pay enough atten-
tion to this traditional way of community development.

Box 2  Experiences of Nwodua women

Nwodua is a small village 5 km east of Tamale in Northern Ghana. In a village meeting 
about compost and chemical fertilisers women mentioned:
• when we use chemical fertilisers worms disappear
• the soil becomes very hard when we use chemical fertilisers
• after two years of using fertilisers the soil is dead, nothing will grow!
• compost keeps the soil moist
• compost makes the soil soft and easier to handle
• compost works for years while chemical fertilisers are finished after one year.
The women were very sure about their observations.
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Box 3  View on trees

In a naive mood I once asked the Nwodua chief: ‘What is a tree?’
He gave me an answer that has changed my life view completely: ‘A tree gives us food, 

timber and shade to meet. A tree is also the place where our ancestors find their home! 
Without trees we cannot live’.

In scientific terms trees have three main functions:
1 a material/technical function – provides, for example, food, medicines, timber and 

brooms;
2 a social function – the sun can knock you down in Northern Ghana; the shade of a 

large tree is as much needed as food and water; in every African village meetings take 
place under the crown of a large tree; most important decisions in a village are made 
under a tree;

3 a cultural function – trees provide homes for spirits and ancestors; the ancestors are 
the caretakers of the norms and values of rural people; they are consulted whenever a 
decision has to be taken – which society can live without norms and values?

The chief taught me a lesson: everything in life has a technical, a social and a cultural 
dimension, so also agricultural extension has to be organised in this context.

Box 4  The maize sheller

In the chief’s palace in Mbanayili, a village 10 km east of Tamale, Northern Ghana, I met 
the chief, his elders, the youth and even some women. The topic was a explanation and 
demonstration of the maize sheller (a conical shaped tube with four knives on the inside. 
To remove the maize kernels, the cob is turned in the tube). After an explanation of the 
costs and how it is made by a local blacksmith I took a maize cob and turned it in the 
maize sheller. The maize kernels jumped out of the sheller and the audience was surprised 
by the speed of shelling and the ease of handling the tool. I explained proudly that this 
simple tool prevents wounded thumbs and that the tool is cheap so farmers can buy 
easily five shellers and shell together all the maize in one day. Story telling, which is 
normally done during shelling when the whole family is gathered around the maize 
harvest, is still possible! The people clapped their hands and expressions of surprise filled 
the room. I mentioned immediately that the tool was costing only 5000 cedis (around 1 
dollar).

Suddenly the chief asked for attention through his spokesman. The spokesman just 
stated that this technique is not appropriate. Reasons were not given and the meeting 
was over. The chief left the room, leaving behind his people and myself with many 
questions. I tried to investigate the reasons for the rejection of this tool by the chief.

It took me a few months to find an answer by consulting researchers, pastors, the 
director of the cultural centre and other experts. The reason for the rejection was as 
follows. The chief considered himself as the custodian of traditional values. That is his task 
in the village. Maize shelled by a tool is not appropriate to use in sacrifices to the ancestors. 
Maize should be shelled by hand. For selling purposes mechanically shelled maize is 
allowed but for sacrificing purposes mechanisation was not allowed. This tool went against 
tradition! This does not mean that traditions are a block for development. According to the 
experts, it is a matter of proper introduction of the tool. I came to the village, 
demonstrated the tool and thought that after the demonstration that I would be able to 
sell some and that the people were happy about this simple improvement. But I should 
have followed another procedure. The demonstration was okay, but after that I should have 
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An integrated view on sustainability (Box 5) is very useful and will help development 
projects for rural people in their types of activities. A technical approach used on its own has 
only a limited effect, as does the cultural approach alone (e.g. as attempted by some churches). 
A balanced mix of approaches or a multidisciplinary focus seems to be the best.

So when the subject of extension has been determined, namely sustainable development, 
the method of extension has to be found. Top-down extension methods have failed. But how to 
get a bottom up or a right mix between top-down and bottom-up approaches? In Northern 
Ghana the participatory technology development approach, as a mixture of bottom-up and 
top-down approaches, has shown fascinating results in pilot projects and shows great potential 
to boost sustainable development in rural areas.

Organic agriculture tries consciously to combine a multidisciplinary way of development 
with a participatory method of extension (see Box 6 for a definition of organic agriculture).

Participatory extension methods
Much has been written on participatory extension techniques. In principle it is a continuous 
process of assessing a situation, analysing it and taking action to improve the situation (Box 7).

Voice from Northern Ghana: organic farming and participatory 
extension
Organic agriculture and participatory extension techniques belong with each other. Experiences 
to emphasise this mutual beneficial relationship are listed below. The experiences were collected 
during several years of fieldwork in Northern Ghana with farmers and development workers.

asked if the people, and especially the ancestors of the people in the village, were willing to 
accept this tool to make work easier. The chief could have consulted the ancestors in his 
own way and after that he would inform the village about the ancestors’ answer.

I followed the wrong procedure. I did not respect their way of introducing new 
technologies. 

Box 5  A farmer’s definition of sustainability  
(Professor Saa Dittoh, pers. comm. 1998)

In a village I asked a farming community: ‘What does sustainability mean to you, what 
makes you “able to sustain” life?’

The groups explained easily:
• enough food
• enough cash
• rich natural environment, especially a fertile soil
• peace, trust, harmony and unity in the community
• a place for worshipping.
Again translating these issues into scientific terms: sustainability is a complex of food 
security, cash security, environmental security, social security and last, but not least, 
cultural security. One can not go without the other.
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Organic agricultural de�elopment starts with a more efficient use of local 
resources

A participatory extension approach stimulates farmers to use local resources. Local resources 
such as mulching, composting, basket composting or zai-composting, dynamic kraaling 
whereby the kraal in which animals stay at night moves over the arable land, zero-grazing units 
where animal are fed day and night, trees as windbreak, agroforestry-systems, green manuring 
with Mucuna or Crotalaria spp., crop rotation, contour ploughing, manure protection, use of 
neem leaves, ridge boxing, nursing and transplanting early millet, use of white acacia trees that 
drop their fertile leaves in the rainy season, animal traction, use of cashew trees as climbing 
stakes for yams, and the use of the maize sheller (Box 4) are all experiments conducted by male 

Box 6  Organic agriculture as defined by the International 
Federation of Organic Movements (IFOAM 2000)

Organic agriculture includes all agricultural systems that promote environmentally, 
socially and economically sound production of food and fibre. These systems take local 
soil fertility as a key to successful production. By respecting the natural capacity of plants, 
animals and the landscape, it aims to optimise quality in all aspects of agriculture and the 
environment. Organic agriculture dramatically reduces external inputs by refraining from 
chemical fertiliser and pesticides. Instead it allows the powerful laws of nature to increase 
both agricultural yields and disease resistance. Organic agriculture adheres to globally 
accepted principles, which are implemented within the local socioeconomic, climatic and 
cultural settings. As a logical consequence, IFOAM stresses and supports the 
development of self-supporting systems on local and regional levels.

This definition is fully in line with the farmer’s definition of sustainability (see Box 5) 
and the view on trees by the chief of Nwodua (see Box 3).

Box 7  The principle steps in a participatory extension 
process (Reijntjes et al. 1992)

Participatory extension methods are cyclic and ongoing processes. They should be 
owned by the target groups but can be initialised and guided by outsiders.
Step 1 Meet the community, group of farmers and get to know each other. Building 

trust is important.
Step 2 Identify the key problem in agriculture or any other topic to which the extension 

method is focusing. The Participatory Research Action method may be helpful to 
find the key problem.

Step 3 List possible solution for the key problem; excursions, expert consultation and 
visiting research stations could be used to list options; farmers know also 
solutions themselves – by the end there should be a basket full of options.

Step 4 Let the target group select one or two options to try out. Try to find indicators 
to measure the impact of the tried options.

Step 5 Make a plan to implement the chosen options.
Step 6 Share the results with everybody who wants to know.
Step 7 Evaluate the results: did it solve the problem? If yes, tackle the next key problem 

and continue with step 3. If no, try another solution.
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and female farmers in Northern Ghana in participatory development projects. It is easy to make 
this list of local resources longer. The point is that through a well-guided extension process, 
farmers are encouraged to use these local resources. Also, in Northern Ghana, farmers are 
brainwashed and think that farming is only possible with chemicals. Local resources are often 
seen as too laborious, too difficult to get or lacking clear effects. An enlightened farmer sum-
marised it as follows: soil erosion is possible because of soul erosion. Through a participatory 
extension process farmers realise that with local resources many problems can be solved. 
Organic farming increases the awareness of available natural resources.

When the participatory process is well guided it increases the confidence and 
independence of farmers tremendously
Farmers reported that yields following compost application increased up to 4000 kg ha–1 of maize 
and more importantly, that crops are less prone to damage from dry spells because of higher soil 
organic matter content. Some farmers even experiment with the combination of compost and 
fertiliser. They achieve yields of up to 5000 kg ha–1. One particular farmer planted trees around 
his 8 hectare farm and allowed 2.8 hectares to develop into forest. The leaves of the fence and the 
2.8 hectare forest kept the soil very fertile. This was a self-developed system. Another farmer used 
fodder trees and thorny plants to make a kraal for animals. The fodder trees provided food and 
shade for the animals and the thorns prevented damage to the trees. A third farmer allowed a 
local green manure (Occidentalis spp.) to grow between yam mounds. In mounds where yam-
plants did not grow well, the leaves of green manure were dug in, resulting in larger yams.

When farmers are successful in solving problems on their own, their confidence increases. 
A participatory process increases the ownership feeling of the problem and of the solution. The 
potentials of this kind of development process are highly underestimated by development 
workers.

Northern Ghanaians li�e in communities and in large social networks
The individual is nothing without a group of people. Individual development is difficult. There 
are many mechanisms that prevent individuals from developing. Development should, in 
principle, benefit the whole community; therefore, Zasilari Ecological Farms Project (ZEFP 
2006), as with many other successful development projects, works with groups. ZEFP asks 
community members to forms groups, often consisting of people who are already in the same 
social network. After training in group dynamics, group organisation and the basics of money 
literacy, ZEFP guides the groups through a participatory extension approach. This group work, 
especially when there are successes, improves trust and harmony among the members consid-
erably. Trust and harmony are some of the basics of sustainable development (Box 5). Working 
in groups gives farmers identity and status and strengthens the social network.

Traditional societies are not static
Changes are accepted when the right procedures are followed. If local group or community 
leaders do not accept change, individuals are not motivated to use new technologies. Accept-
ance largely depends on the way of introducing the change. Traditional procedures in which 
local gods and ancestors are consulted about the acceptance of new technologies still exist in 
Northern Ghana. In many development projects, such cultural acceptance procedures are 
overlooked. Often, changes are assessed on their economic benefits. Certainly, the traditional 
leaders will also assess the new technology or the economic benefit, but will also assess their 
‘cultural security’. In the case of the maize sheller (Box 4), the chief was worried that during 
maize shelling, in which the whole family is involved, the older family members tell traditional 
stories. These stories are very important in transferring norms, values, family and community 
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background from the old to the young generation. Besides that mechanically shelled maize 
could not be sacrificed, the chief was also worried that an efficient way of maize shelling would 
reduce the time available to educate the younger generation in the culture of the community. 
These processes should not be underestimated. A participatory approach gives more room for 
the participants to include these cultural aspects into the development process than a top-
down extension approach. However, it may take time. In a community in the Builsa district in 
Northern Ghana, it took two farming seasons before the local leaders accepted composting as 
a promising method to improve soil fertility. The traditional leaders consulted their ancestors 
and because, as they said, ‘composting will provide more good food to the ancestors’, they 
accepted and promoted this new technology. In another community, the people strongly 
believed that burning the fields around their compounds was needed to, as they described it, 
‘prevent the chief from dying’. It took village members and development workers two years of 
talking to convince the traditional leaders to implement an experiment. The compromise was 
that instead of putting the whole community farm to fire, only a few fields should be burned. 
After the blessings of the ancestors they implemented the experiment. The chief did not die 
and the yields on the compound farms increased and the whole community was happy.

These experiences show that organic farming is more than just a way of farming. Organic 
farming is an example of sustainable development owned and organised by farmers them-
selves. Organic farming deals with a development in which all technical, social and cultural 
aspects of life are considered. To start this development, assistance from development organi-
sations is needed. These organisations should have a participatory approach and the attitude 
that sustainable development should start from local resources and techniques, local knowl-
edge and local attitudes and traditions.

The challenge: ‘stop soul erosion’
The challenge for organic development organisations and rural people is to convince more 
development organisations, and especially governments and large donor-organisations, to 
experiment with organic farming in combination with participatory extension techniques. 
The present trend to use biotechnology and to use top-down extension methods to introduce 
genetically modified crops such as cotton, soybeans and maize should be highly questioned. 
The potentials of organic techniques and bottom-up development processes have been under-
estimated and deserve far more consideration.
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Introduction
Agriculture and organic agriculture in particular are developing rapidly, not only as a result of 
technological change but also to changes in agricultural policy and public expectation. 
Research allows new knowledge to be developed and is thus vital for the future of organic agri-
culture. The question, ‘What is the purpose of research on organic farming? Is it to increase 
yield and productivity, to compare it with other forms of agriculture, or to quantify its envi-
ronmental and social impact, minimise the adverse effects and maximise the benefits and so 
on? The answer is of course, that research has a role in all of these and many other aspects of 
developing the organic food chain. The precise purpose of the research is usually defined by 
the funding body, and may differ with whether the funding body is from the public or private 
sector. In this Chapter, development of organic research is examined briefly through both the 
public and private sectors and then some of the issues that surround research on organic agri-
culture in terms of approaches and appropriate methodologies is explored. The extent to which 
organic and conventional agriculture require different research and different approaches to 
research is explored.

History and status of organic research
Niggli and Willer (2001) define four stages in the development of organic farming research:

1 pioneer farmers and scientists;
2 pioneer private research institutes;
3 organic farming chairs at universities; and
4 organic farming projects and institutes at state research institutions.

Stage 1 is characterised by the comparisons of organic and conventional farming systems at 
Haughley, Suffolk, England initiated by Eve Balfour (Balfour 1943). Although many scientists 
today would not recognise this as a scientific experiment, there is still some useful information 
to be gleaned from those early pioneers (Blakemore 2000). The private institutes that emerged 
through the 20th century (Table 15.1) generally have been driven by outstanding individuals or 
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groups of individuals with a strong personal commitment to organic or biodynamic agriculture. 
Many of those same individuals were responsible for the 1st International Scientific Conference 
of the International Federation of Organic Agriculture Movements (IFOAM) held in 1977, and 
described by Niggli (2002) as the debut of organic farming research. Some of the private organi-
sations, such as the Louis Bolk Institute, were founded to allow researchers to pursue research 
that was not accepted by conventional scientific organisations, such as homeopathic studies (Van 
Mansfeld and Amons 1975). However, it was really during the 1980s that public funding for 
organic agricultural research started to become available. During the same period, positions and 
departments of ecological and organic agriculture began to appear in universities in Europe. The 
first chairs of organic or alternative agriculture in Europe were established at the University of 
Kassel at Witzenhausen, Germany, and Wageningen University in the Netherlands in 1981; the 
first Chair in Biodynamic Agriculture was established at Kassel in 2005.

During the 1980s in the United States of America (USA) there was one United States Depart-
ment of Agriculture (USDA) post assigned to work with the Rodale Institute, Pennsylvania 
(Parr 2003), although there were other linkages between farmers, university staff and USDA 
staff during this period (Jawson and Bull 2002). Support for USDA involvement in organic 
research was only realised in 1998 when the Organic Farming Bill was finally passed by the US 
Congress. The first faculty position dedicated to organic farming in a Land Grant University 
was established at Iowa State in 1997 (Delate and DeWitt 2004). The situation has changed 
rapidly, however, and in September 2003, the USDA announced US$4.5 million in grants for 
organic agriculture projects (USDA 2004). In Australia, research is funded from levies paid by 
producers and matched by Commonwealth funding, as well as by state departments of agricul-
ture and universities. Wynen (2003) estimated that in 2001 only around two-thirds of the 
A$656,200 funding was actually spent on research that directly benefited organic farming.

The USDA funding for organic research is aimed at helping farmers and ranchers to increase 
the production of high quality products while decreasing costs (USDA 2004). The focus of the 
research appears to be very much within the farm, and orientated towards production rather 
than the environment. The five-year R&D Plan for Organic Produce (2001–2006) formulated 
in Australia by the Rural Industries Research and Development Corporation (RIRDC) covers 
many aspects of the supply chain both on and off farm, with market development and com-
munication featuring heavily (RIRDC 2005). The European Action Plan for Organic Food and 
Farming was launched in June 2004 (Commission of the European Communities 2004). Action 
7 relates specifically to strengthening research on organic agriculture and production methods. 
One area that is highlighted in the plan is the need for research in the processing sector of the 
organic food chain. Within the Sixth Framework Programme (2002–2006) of the Commission 
of the European Communities there is no specific ‘agriculture’ priority but relevant topics are 
contained within the programs on ‘Food quality and safety’, ‘Sustainable development, global 

Table 15.1 Private institutes

Country Organisation Year established

Germany Institute for Biodynamic Agriculture 1950

Switzerland Forschungsinstitut für biologischen Landbau 1974

Netherlands Louis Bolk Institute 1976

United States of 
America

Rodale Institute 1976 (founded in 
1947)

Austria Ludwig Boltzmann Institute 1980

United Kingdom Elm Farm Research Station
Henry Doubleday Research Association

1982
1984

Sweden Biodynamic Research Institute 1986
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change and ecosystems’ and ‘Strategies for sustainable land management’ (Commission of the 
European Communities 2004). Amounts of funding available in several EU member states are 
given in Table 15.2. Each member state of the EU also has its own Action Plan, containing 
guidance on research to be funded at national level. Within the UK, funds have been set aside 
to encourage industry funding of organic research through the LINK scheme, where govern-
ment matches industry funding. There is some concern among the UK research community 
that this may not be an appropriate funding route, given the incompatibility between the need 
for a systems focus in research on organic farming and the limited availability of industrial 
funding bodies with an interest in farming systems (Elm Farm Research Centre 2003). The 
LINK scheme works well where agriculture is driven by inputs rather than ecological systems. 
There is a similar scheme operating in Canada where companies can become research partners 
and their funding will be matched by government. Five categories of partner are recognised on 
the basis of the level of contribution made OACC (2005).

Cropping aspects of organic production have received more attention than livestock aspects 
until recently; this is reflected in the number of refereed publications (Watson and Atkinson 
2002). Lund and Algers (2003) relate the later development of research on animal husbandry 
to the situation in Europe where the regulations for organic animal husbandry were estab-
lished only in 1999, eight years after the regulations on crop husbandry (Council Regulations 
2092/91 and 1804/99). Biodynamic agriculture has received little funding from public sources, 
although considerable work has been carried out in some private research institutes. A short 
description of the development of biodynamic research and institutions in Europe and the 
USA is given in Koepf (1993). Reports of biodynamic systems in mainstream journals are rela-
tively rare, although there are some notable exceptions such as Reganold et al. (1993) and Car-
penter-Boggs et al. (2000).

Researching organic systems
According to Lockeretz and Anderson (1993), there is a need for rethinking the approaches, 
processes and institutional structures of agricultural research, because of the range and scale of 
consequences that agricultural research is expected to address today. There are high political 

Table 15.2 Estimated national financial input into organic farming research in 11 European Union 
countries (ERANET)
The estimate is a minimum based on targeted organic research programs that does not include, for example, 
professorial appointments in organic agriculture.

CurrentA FutureB

Austria 0.7 1.5

Denmark 8 7

Finland 2 2

France 5.7 5.7

Germany 10 7

Italy 1.5 2

Netherlands 8 8

Norway 3 2

Sweden 5.7 5.9

Switzerland 10 15

United Kingdom 3.2 3.9

Total 57.8 60
A Average 2000–04, B 2005–10.
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demands on the relevance and proactive perspective of research relative to the changing goals, 
intentions and values of society and agriculture. These demands are not restricted to agricul-
tural research. They are part of a more general change in the conception of science and its role 
in society, from that of science as an independent source of objective knowledge to that of 
science as special learning process within society.

Agriculture is an area undergoing rapid development, both in terms of technological devel-
opment and the development of alternative production systems, and agricultural research is 
influential in these developments. In this sense, agricultural science is a ‘systemic’ science, a 
science that influences its own subject area (Alrøe and Kristensen 2002). Furthermore, agri-
cultural practice involves both social and ecological systems, and research into these socioeco-
logical systems faces the dual challenge of understanding complex agroecosystem interactions 
and the practices of people in social systems. Agricultural systems research is, therefore, inher-
ently framed in a social context, and necessarily involves questions concerning different inter-
ests and values in society as well as different structures of rationality and meaning (Kristensen 
and Halberg 1997).

There is, therefore, a need to explicitly address how values in the form of intentions and 
social interests feature in agricultural research. This is in terms of where and how values enter 
into the research process, and also in terms of what the systemic nature of agricultural research 
means in relation to the conventional scientific criteria of quality. This need applies generally 
to agricultural research. Moreover, the role of values is particularly evident with regard to 
organic farming, because special values and goals are obvious and decisive and because these 
values are clearly different from the values of mainstream agriculture.

The special values of organic agriculture are summarised and what this obvious and 
manifest value basis means for organic research, how is to be performed, and how it is to be 
evaluated is briefly considered. Sound research approaches and appropriate methodologies for 
organic research are described and the relationship between organic and conventional research 
is discussed.

Ethics, principles and standards
Organic farming has differentiated itself from conventional agriculture by way of alternative 
agricultural practices, world views and values. Most notably, the organic movement has explic-
itly formulated basic principles and standards for organic production and processing. The 
principles are based on a perception of humans and human society as an integrated part of 
nature and a holistic conception of health. Understanding the ecological processes that drive 
productivity and environmental impact through soil biology, vegetation dynamics, pest popu-
lation dynamics, disease epidemiology and so on, is a key to improved organic systems. This 
does not imply that they are unimportant in conventional farming. Organic farming does, 
however, not have access to all the technological means for overcoming natural and ecological 
insufficiencies and problems (notably artificial pesticides, fertilisers, preventive medicine) 
that conventional farming has, and it therefore relies on cooperation with natural ecological 
systems to a greater extent. Values of animal welfare, biodiversity and livelihood are also an 
integral feature of organic farming. This comprehensive, integrated view of nature and ethics 
is evident in one of the original key ideas of organic agriculture that ‘the health of soil, plant, 
animal and man is one and indivisible’ (Lady Eve Balfour in Woodward et al. 1996).

In the existing IFOAM Basic Standards (IFOAM 2002), there are 15 principal aims plus 
general principles for each area in the standards, and the principles are thus quite complex to 
overview. There is, however, a process going on within IFOAM to rewrite the principles of 
organic agriculture. The process is expected to result in a set of basic ethical principles to be 
decided upon in the General Assembly 2005 in Adelaide. In the draft of May 2005, there are 
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four principles on health, ecology, fairness and care (POA Task Force 2005) (Box 15.1). From 
the perspective of research, the formulation of basic ethical principles of organic agriculture 
have been advocated as a necessary tool for researchers to initiate far-seeing, proactive research 
that can assist the development of organic agriculture, and the sustainable development of 
agriculture in general, in a constructive and critical way (Alrøe and Kristensen 2004). The 
present IFOAM process will hopefully provide a simpler and more consistent source of organic 
principles for researchers to use as a starting point when planning and performing research on 
organic agriculture.

Quality criteria for organic research
In the same way that proponents of conventional agriculture have criticised organic farming 
so too have ‘conventional’ researchers criticised organic research. In the foreword to Tinker 
(2000), it is suggested that ‘the majority of literature on the subject [of organic farming] was 
written from a strongly committed point of view’.

This kind of critique can lead the organic research community to reflect on the quality of past 
organic research, and whether organic research can be of high quality. The answers to these ques-
tions depend entirely criteria of quality that are used. Some of the critiques of organic research 
are based on the presumption that science should be free of values and ideologies, an idea that 
Thompson (1995) has termed ‘ethical reductionism’. The argument is that organic agriculture is 
inherently ideological, science should operate without reference to ideologies and, therefore, 
research that operates from the viewpoint of organic ideology and values is not scientific.

But science is neither value free nor independent. Values do and should enter into important 
phases of the research process such as problem identification, design of methods and experi-
ments, model assumptions and the use of normative concepts (Alrøe and Kristensen 2002). 
Some concepts that are widely used in agricultural research are clearly value laden. Obvious 
examples include sustainability, food quality, soil quality, nature quality, animal welfare, rural 
development and human wellbeing. Such concepts often have different meanings in different 
groups, discourses and research disciplines. These conceptual differences influence the kinds of 

Box 15.1  IFOAM draft principles of  
organic agriculture, May 2005

Principle of health
Organic agriculture should sustain and enhance the health of soil, plant, animal and 
human as one and indivisible.

Principle of ecology
Organic agriculture should be based on living ecological systems and cycles, work with 
them, emulate them and help sustain them.

Principle of fairness
Organic agriculture should build on relationships that ensure fairness with regard to the 
common environment and life opportunities.

Principle of care
Organic agriculture should be managed in a precautionary and responsible manner to 
protect the health and well-being of current and future generations and the 
environment.
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technologies and production systems that are investigated and developed, and how the systemic 
connections of food systems are handled in research. The exposure of the different meanings of 
such concepts, and the values and ethics embedded in these different meanings, has already 
been the subject of some attention.

Values have a more direct role in the choice of problem to investigate. There is always a 
choice of subject matter or research issue in science, though this choice is not always explicitly 
discussed. This choice depends on the perspective that is used and on what is taken as prob-
lematic from this point of view. The choice determines the potential relevance of the research 
to different groups or to society in general, and it is connected to underlying goals, interests 
and values. Moreover, ‘technical’ choices on research objects (as determined in the setup of 
experiments and surveys), research methods and model assumptions are not independent of 
values either. Take the example of setting up of farm systems experiments. When such experi-
ments are established, choices include which systems, the specific structure of them, where to 
make them either similar or different. In a study of dairy systems, are those systems to be 
‘organic’, ‘integrated’ or ‘conventional’ and (since none of these are clear cut) what kind of 
organic, integrated or conventional? Are the stable systems to be based on solid manure or 
slurry? Are the breeds to be Jersey, Holstein or something else? Are the bull calves to be sold or 
fattened, as steers or bullocks? These choices on system structure are in many ways related to 
the intentions and goals behind the research. Once an experiment has been established, these 
intentions and goals no longer influence the conduct of the experiment. However, when the 
results are ready, if an organic system with deep bedding and solid manure is compared with a 
conventional system with slurry, then the choice of systems structure influences the results 
(e.g. with regard to welfare, nutrient losses, crop yields) (see Lantinga 2001).

Values are important in agricultural science, be it conventional or organic. From this, it 
follows that the handling of different perspectives and the values and understandings that they 
harbour is important in relation to the communication and cooperation between researchers 
engaged in organic and conventional systems, and in cross-disciplinary communication in 
general. It also follows that objectivity in the sense of value freedom is not an appropriate crite-
rion of scientific quality. There is a need to revise the ideal of objectivity so that it can span the 
range of criteria that are developed in individual research disciplines across the sciences, and 
support cross-disciplinary cooperation and communication. The criterion of reflexive objec-
tivity has, therefore, been suggested as a second general quality criterion of agricultural 
research that complements the criterion of relevance (Alrøe and Kristensen 2002, Schjønning 
et al. 2004) (Box 15.2).

The criterion of reflexive objectivity suggests that research should investigate and describe 
its own societal, intentional and observational context and work explicitly with the goals and 
values involved, to facilitate peer criticism and the use and critique by different users and 
stakeholders. Reflexive objectivity and relevance seem to be important criteria for all agricul-
tural research but not least in organic agriculture because of the important role of values in 
this form of agriculture. Making the role of values explicit is a way to avoid the two pitfalls of 
organic research: 

1 it lacks real relevance for organic agriculture; and
2 the organic values directly influence the research results.

If one conceives of agricultural science as systemic, recognises the interaction of agricul-
tural research, agriculture and society, and accepts that agricultural research therefore cannot 
and should not be value free, then such general changes in the perception of agricultural 
science cannot be implemented by single researchers or research groups alone. The successful 
implementation of such changes in perceptions will involve all the different institutional struc-
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tures of science (e.g. organisational structuring of research, research policy and funding, sci-
entific journals and other media of publication, educational institutions).

Sound research approaches in organic agriculture
From the early days of organic research, holistic approaches were held up to be more appropri-
ate for organic systems than reductionist ones, embracing the integrative philosophy of organic 
farming (Howard 1943, Woodward 2002b). This has in part led to the idea that the holistic 
approach to research is the ‘holy grail’ of organic research. The extent to which this type of 
research occurs is, however, questionable. Lockeretz (2000) carried out an analysis of organic 
and conventional research published over ten years in the American Journal of Alternative Agri-
culture and concluded that there was no systematic distinction in the kinds of questions posed 
or how they were answered between organic and conventional research. However fitting that 
may be for the history of organic research publication, the aspirations towards more holistic 
research methods in organic agriculture are worthy of a more comprehensive analysis. A range 
of barriers against the realisation of holistic aspirations can be found, and a two-pronged 
approach, which will look at the soundness of research methodologies in the organic context 
as well as at methodological and institutional barriers, is outlined.

There has been a long-standing and unfruitful opposition between reductionist and holistic 
science in connection with agricultural and ecological research (see e.g. Lockeretz and 
Anderson 1993, Thompson 1995, Rowe 1997), which has hampered cross-disciplinary cooper-
ation. From the holistic view, analytic, reductive methods are necessarily reductionist and are 
therefore bad science because they do not capture the connectedness of complex reality. Fur-
thermore they are (at least in part) to blame for the present agricultural and environmental 
problems. From the reductionist view, analytic, reductive methods ensure the objectivity of 
science, and other methods are, therefore, not scientific.

Two comments are pertinent. First, any scientific method will give a ‘reduced’ view – the 
world as we see it is not ‘the real world’. Hence the term ‘holistic’ seems to promise more of 
science than can be fulfilled. Second, since reduction is a powerful approach in science that 
can contribute significantly to learning, the term ‘reductionist’, which often has a negative 
ring, should be used only where a science is unaware of the consequences of reduction or denies 
that there are any such consequences.

A more comprehensive systemic or wholeness-orientated approach does not imply a dis-
missal of traditional disciplinary science. But it does imply that the consequences of reduction 
must be included in the answers that science provides. As argued above, good science exposes 

Box 15.2  Key quality criteria for organic research

Rele�ance Reflexi�e objecti�ity

Establishing the societal and intentional 
context of the research by way of:
1 participation
2 value inquiry
3 transparency

Communicating the cognitive context of the 
research results by way of:
1 clarifying values and revealing funding
2 documenting methods
3 ensuring the falsifiability of theories, 

models and hypotheses
4 establishing the generalisability of the 

results
5 showing relevant areas of ignorance and 

uncertainty.
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and communicates the societal, intentional, and observational context of research, in order to 
achieve good and valid communication and critique of the results. This communication is also 
an important precondition for better cooperation between different kinds of science. In this 
view, the different kinds of research have the same potential for doing good science, and this 
view of science can, therefore, serve as a better platform for promoting cross-disciplinary 
research cooperation.

The efforts toward more holistic approaches to research in organic agriculture can be 
divided into four groups: 

1 holistic methods such as picture creation by way of crystallisation; 
2 systems research, including long-term crop rotation trials and farm system experiments;
3 participatory approaches that involve stakeholders in research, including on-farm research 

and action research; and 
4 cross-disciplinary research approaches that include ‘non-agricultural’ disciplines, social 

sciences and the humanities in a comprehensive systemic research methodology.

Holistic methods

One exception to the rejection of Lockeretz (2000) of there being any difference between 
organic and conventional research is in the controversial area of food quality from organic 
production. Debate centres on whether there are qualities of foods, important to health and 
wellbeing, that are not sufficiently well understood to permit appropriate quantitative meas-
urements to be made (Atkinson et al. 2002). Recent discoveries such as the ability of antioxi-
dants to remove or protect against the impact of free radicals (Ramirez-Tortosa et al. 2001) 
suggest that there is still much to learn about the links between food and health. Scientists 
working on organic production have focused on developing holistic methods that link food 
quality and production systems, such as crystallisation methods based on the work of Pfeiffer 
(1975) and others. Such concepts, however, continue to be ridiculed by the conventional science 
community (e.g. Williams 2002).

These methods are only holistic in a certain, narrow sense that concerns the way food 
quality is measured in the laboratory. The samples that are measured may come from tradi-
tional agricultural trials. Another example of a method that combines rigorous experimental 
methods with a holistic measure is the experimental study of the influence of organic diets on 
the health of rats (Lauridsen et al. 2005). Many consumers expect organic food to be healthier 
than conventional, but it is very difficult to test this hypothesis in a scientific way. Other factors 
also influence human health so that they may hide the effect of organic diets, and it is difficult 
to generalise from measurements of single components of organic diets to the holistic state of 
health. However, Lauridsen et al. (2005) did show that comprehensive measures of the effects 
on health can be obtained from a study on rats under standardised experimental conditions, 
and that in some respects, the rats benefited from eating organically grown food.

Systems research

The sustainability of organic farming in the long term is of major interest to policy makers. 
Several long-term cropping system trials have been established to investigate this (e.g. Table 
15.3, Table 15.4). There is a clear split in research approaches between studies that compare 
organic and conventional systems (e.g. Mäder et al. 2002, and further examples in Table 15.3) 
and studies that compare different management systems within organic farming, in order to 
improve the systems (e.g. Olesen et al. 1999 and further examples in Table 15.4).

Considerable research effort and funding has been spent comparing and contrasting organic 
and other types of farming systems. The trials listed in Table 15.3 mostly address rotations for 
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horticulture or agriculture. Few studies compare systems of perennial cropping, one exception 
is the Washington State apple production systems trial (Reganold et al. 2001). Within Table 
15.3, treatments have been classified into organic, biodynamic, low input or integrated and con-
ventional on the basis of the author’s descriptions. One difficulty in interpreting these experi-
ments, and indeed making comparisons between them, is the lack of definition of the terms of 
low input and integrated farming. Furthermore, there is huge variation in farming systems 
across relatively small geographical regions (Trewavas 2004). There is also a lack of information 
available in the public domain on actual practices on organic farms, although this information 
may be available within certification organisations. Such comparisons can provide useful infor-
mation when the purpose of the study is clearly defined (Spedding 1975) and the basis of the 
comparison is fair. Defining starting points, boundaries and time scale are important in this 
respect. Lampkin (1994) points out that the fundamental issue is the comparison of systems 
rather than modification to individual management practices. This perhaps means it is more 
difficult to make valid and useful comparisons of biophysical properties than economic ones. It 
is important to separate out those aspects of the system that need to be assessed at the whole 
systems level (i.e. those which are dominated by interactions or large-scale ecological processes, 
and those which can be compared at the small plot scale) (Watson and Atkinson 2000).

In the trials listed in Table 15.3 and Table 15.4 the study areas vary from relatively small 
plots, such as the DOK (bioDynamic–Organic–Konventional) trial (Mäder et al. 2002), to 
several hectares (e.g. Leake 1996). One complicating factor in interpreting results of these 
trials is whether they truly compare farming systems or simply rotations. Factorial crop 
rotation experiments (e.g. Mäder et al. 2002, Watson et al. 1999) and field-scale testing of crop 
rotations (e.g. Cormack 1999) that allow factorial experiments within them, contribute to dif-
ferent aspects of the understanding of how crop rotations function. As soon as the crops or 
even varieties within a rotation are changed the effect of that rotation both in terms of yield 
and productivity as well as soil structure and environmental impact will change, regardless of 
the production system. However, under given soil and climatic constraints the most produc-
tive choice of crops and varieties in a rotation will differ depending on whether the system is 
managed conventionally or organically. Thus, are any differences between the biophysical 
aspects of the rotation due to the system or the rotation? The DOK trial in Switzerland has 
compared the same crop rotation under different systems of manuring and pest management 
since 1978 (Mäder et al. 2002). Although this trial has provided a wealth of interesting infor-
mation on soil properties and crop protection and production but the question remains as to 
how applicable this information is in the context of practical farming. Despite the reliance on 
forage legumes for fertility building in many organic systems, surprisingly few trials include 
grazing livestock. Many trials utilise livestock manure to mimic whole systems, but these can 
never truly represent realistic grazing situations where there is constant interaction between 
soils and plant and animal production.

Lack of replication is a drawback of many of the trials in Table 15.3 and Table 15.4 (e.g. two 
replicates in the SAC crop rotations trials) (Watson et al. 1999). Lack of replication and the 
non-use of livestock perhaps both reflect the costs and funding commitment needed to run 
trials of this type. Some of the difficulties of running rotation trials are discussed in Taylor et 
al. (2002). Olesen (1999) recommends the involvement of experts from outside individual 
research groups in the design of long-term experiments. This would increase the rigour of the 
experimental design by drawing on wide experience from past experimentation. It can also 
help to add value to experiments by ensuring that design factors such as plot size are appropri-
ate for all the parameters likely to be studied in the experiment.

Where studies are carried out within organic systems (e.g. Table 15.4), it is particularly 
important that background information on aspects like time since conversion and the particular 
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Table 15.3 Examples of long-term experiments that compare organic cropping systems with conventional and other systems

Name Site Start date Systems compared 
(O, B, L, CA)

Rotation Reference

K-Trial Järna, Sweden 1958–1990 B, C Ley/arable + manure Granstedt and Kjellenberg 
(1997)

DOK trial Frick, 
Switzerland

1978 O, B, C Ley/arable + manure Mäder et al. (2002)

Long-term fertilisation trial Darmstadt, 
Germany

1980 O, B, C Arable + manure Raupp (2001)

Farming Systems Trial Pennsylvania, 
USA

1981 O, C Arable + manure Drinkwater et al. (1998)

Cropping systems trial Foulum, 
Denmark

1987 O, L, C Ley/arable + manure/
grazing

Mikkelsen and Rasmussen 
(1994)

Focus on Farming Practice Leicester, UK 1989 O, L, C Ley/arable and stockless Leake (1996)

Apelsvoll cropping systems 
experiment

Norway 1990 O, L, C Ley/arable and stockless Eltun (1994)

Glenlea Study Manitoba, 
Canada

1992 O,L,C Stockless arable Gleanlea Study (2005)

Long-Term Research on 
Agricultural Systems 

California, 
USA

1993 O, L, C Stockless arable/
horticulture

Denison et al. (2004)

Apple production systems Washington, 
USA

1994 O, L, C Apple orchard Reganold et al. 2001

Farming Systems Project Maryland, 
USA

1996 O, C Stockless arable USDA 2006

Mediterranean Arable 
Systems Comparison Trial

Pisa, Italy 2001 O, C Stockless arable CIRAA 2006

A O, Organic; B, biodynamic; L, low input or integrated; C, conventional.
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Table 15.4 Examples of long-term experiments that compare different organic cropping systems

Name Site Start 
date

No. of organic 
systems compared

Rotation Reference

Stockless Trial, Elm Farm Research 
Station

Berkshire, UK 1987 4 Stockless arable Philipps et al. (1999)

Rotations Trial, Scottish Agricultural 
College

Aberdeen, UK 1991 2 Ley/arable, grazed by sheep Watson et al. (1999)

Ty Gwyn Aberystwyth, UK 1992 2 Dairy IGER (1996)

DARCOF Rotations Trial (EXUNIT) 4 sites, Denmark 1997 4 Arable + manure Olesen et al. (1999)
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standards applied are included (Lund and Algers 2003). The location of the experiment in terms 
of soil and climate is also an important context for the results. The Danish crop rotation experi-
ments are carried out at four different locations in Denmark (Olesen et al. 1999), and even within 
this fairly small geographical area the results so far show clear differences between the different 
locations (Askegaard et al. 2004). The differences are not only in yields, but also in the interac-
tions between location (soil, climate) and rotations. A further issue is that the organic standards 
have changed over time (Woodward and Vogtmann 2004), meaning that past research carried 
out within organic systems may not be applicable today. One example of this is Watson et al. 
(1993) who describe a farm that imports large quantities of conventional poultry manure. 
Trewavas (2001) quotes this work to show that organic farming is unsustainable although the 
system in question would now not be certifiable. Regional differences in standards also need to 
be accounted for in comparing published literature. Lund and Algers (2003) give examples of 
how the organic animal husbandry standards differ between three neighbouring European 
countries.

There are also many organic experimental farms used in organic research, but these farms 
are less well documented in the literature than the long-term experiments. In Zanoli and Krell 
(1999) a preliminary overview is given of some of these farms. Case studies (e.g. Cobb et al. 
1999) are a good example of how the socioeconomic and biophysical aspects of organic farming 
can be brought together.

Participatory research

Participatory research methods, which have been commonly used in developing countries  
(e.g. Bellon 2001), are now being widely accepted in industrialised countries in both conven-
tional (e.g. Cerf et al 2000) and organic farming (e.g. Krell and Zanoli 2000, Andrews et al. 
2002). A range of participatory research methods are used from action research to on-farm 
research. In action research, the research goals are determined by the participants in the system 
in question. On-farm research, however, may be more or less ‘participatory’ depending on how 
much the farmer, farm workers, advisers and others are involved in the research. There is, 
thus, no sharp dividing line between on-farm research and the experimental research farms 
mentioned above.

Cross-disciplinary research

The desire to make research in organic agriculture more holistic or systemic is based on ideas 
and aims within the organic movement: a holistic perception of health, aspirations towards 
more fair food systems, and aims to farm in systems that are more self-sufficient, based on 
natural structures and processes within the system, and with limited options for utilising 
outside inputs as a means to improve growth and protect against pests and diseases. The same 
desire can also be found partly within research in conventional agriculture based primarily on 
the recognition of farms as systems in their own right. But due to the comprehensive ideas and 
aims of organic agriculture, there is a particular emphasis on the problems related to science 
being fragmented by disciplinary specialisation. Some in the science community have tradi-
tionally undervalued the need for interdisciplinary and transdisciplinary work and for meth-
odological and organisational structures that can facilitate such work (Dalgaard et al. 2003) 
although recent advances in whole-farm research methods are creating the methods and struc-
tures needed to carry out robust holistic research (e.g. Firbank et al. 2003, Perry et al. 2003).

The notions of systemic science and wholeness-oriented research seem to capture essential 
features of an important shift in the conception of what science is as well as in the general 
methodology and structure of science. The shift is related to the involvement of science in new 
complex areas, such as the socioecological problems of society and environment. Here, differ-
ent disciplines such as ethics, sociology, ecology and chemistry ought to be in close coopera-
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tion. This is not often the case and there is thus a need for systemic research methodologies 
that enable transdisciplinary research efforts (Alrøe and Kristensen 2002).

Cross-disciplinary research approaches need to build on an understanding of how different 
methods relate to their ‘research world’, and what this means. For example, if laboratory 
research, field trials, crop rotation experiments and on-farm research are compared, they 
differ in complexity, and subsequently in the conditions for experimentation and control, and 
thereby for replications or reproductions of phenomena. They also differ with respect to the 
need for ethical considerations. Furthermore, systemic approaches that include, for example, 
the human and social parts of the agricultural systems into their research world are often per-
ceived as less scientific than conventional, analytical approaches, which have delimited their 
research worlds to exclude those aspects of reality. However, these obviously different 
approaches are not different in their potential for doing good science. This recognition can 
serve as a basis for a reflexive discussion of the focus and meaning conveyed by different 
research perspectives and the strengths and weaknesses of different research methods in cross-
disciplinary research approaches.

In Figure 15.1, some examples of different disciplines and methods relevant to organic 
research are placed in relation to two methodological dimensions. One is the complexity of the 
research world described above. The other is the degree of involvement of the researcher or the 
‘research unit’ in its research world. The triangular form illustrates that in simple and well-
controlled research worlds, the detached and involved phases of research can be employed in 
close cooperation, whereas detached, descriptive, historical methods are widely different from 
involved, interactive, developmental action research methods though they both work with 
complex research worlds.
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Figure 15.1 Some research disciplines and methods of relevance for organic research ordered 
according to two methodological dimensions: the complexity of the research world (spanning 
from causal over adaptive to self-reflexive entities) and the degree of involvement of the researcher 
(adapted from Alrøe and Kristensen 2002). The triangular form shows that simple research worlds 
allow the researcher to intervene and withdraw from the research world in closely connected 
processes, whereas the involved and detached stances are widely different in relation to complex 
research worlds.
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The epistemological limitation with regard to using causal knowledge from simple research 
worlds is that some aspects are neglected because of the reduction. Some examples of neglected 
aspects are crop rotation effects when doing research on single fields, the effects on farm eco-
nomics when doing research on cropping systems, the role of motivation (intention) in behav-
ioural studies, and the management factor when studying farm dynamics in experimental 
farming systems or in the assessment of animal welfare.

Agriculture is, by definition, about management. Lockeretz (2000) describes organic 
farming as interfering with nature just enough to get the job done, in comparison to conven-
tional agriculture which at times creates completely artificial environments. Regardless of the 
system, the role of the human being is central to the success of that system. The human role is 
most often highlighted in relation to animal health and welfare but is just as likely to apply to 
crop and soil husbandry. Martini et al. (2004) question the assertion that yield improvements 
following conversion to organic production are related to improvements in soil quality and 
suggest that they may relate to improved management skills and experience. Accounting for 
the role of the manager thus becomes critical in comparative studies of systems. Trewavas 
(2004) asserts that the only way to make a fair comparison between organic and conventional 
farming is to use matched fields, on the same farm, managed by the same person. Although 
this may overcome some of the difficulties in edaphic and climatic factors, it may negate the 
comparison because it has been shown many times that organic and conventional farmers 
have different attitudes to crop and animal husbandry (e.g. Lund and Algers 2002). There is 
also evidence that as the organic farming sector grows in size, there are accompanying changes 
in the type, and philosophy, of farmers going organic (Lund et al. 2002).

In general, there are methodological and technical limits to doing more holistic research 
because of the complexity and diversity of the research worlds. For example, it is difficult to 
make a general predictive model of a complex research world. This is particularly true if this 
world involves people, companies and organisations, which are self-reflexive and therefore 
adapt and change their perceptions of themselves in accordance with the knowledge they gain 
from the model presented by the researchers. There are also ethical limits to research in 
complex worlds, connected to the presence of humans, animals and ecosystems, which the 
researchers have a moral responsibility to take into consideration and, in the case of people, to 
involve them in these ethical considerations (see also Latour and Woolgar 1979). In this per-
spective, reduction entails (apart from methodological benefits) that the ethical questions are 
externalised – they become part of the external communications of science and the actual 
research can be done without ethical considerations. In a wider systemic perspective, however, 
where science is seen as a part of society and nature, and with reference to the criterion of rele-
vance or (more generally) given the idea that science is morally responsible for its actions 
(Jonas 1984, Alrøe and Kristensen 2003), there can be decisive ethical concerns connected 
with the potential consequences of reductive research methods. The development and imple-
mentation of a comprehensive systemic research methodology that enables transdisciplinary 
research must, therefore, also involve normative sciences that are concerned with ethics and 
how to do good science.

Future perspecti�es on research approaches

The role of institutions and indi�iduals in organic research
Across the world research on organic farming is carried out within a range of universities, 
colleges, research institutes and private consultancies as well as by dedicated organic organisa-
tions. The nature of ‘conventional’ or ‘mainstream’ organisations versus dedicated organic 
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organisations brings with it different approaches to research and to the promulgation of 
research results. The attitudes and cultures of both individual researchers and organisations 
are important in determining research approaches, interpretation of research findings and 
efficiency of transfer of research results to the end-user community. Linkages between non-
governmental and governmental organisations have been particularly recognised as valuable 
within the organic farming sector in developing countries (Shrum 2000). As with all agricul-
tural research, the nature and direction of research is perhaps most strongly influenced by the 
source of funding.

Scientists working within state-funded organisations, where research is carried out on 
several types of farming systems, may find themselves faced with different challenges to those 
working in ‘organic-only’ institutes (Watson and Atkinson 2002). Wynen (1997) notes that 
few ‘career scientists’ have chosen to get involved in organic farming as there is a lack of recog-
nition of the validity of the subject among the conventional science community. The existence 
of organisations like the Danish Research Centre for Organic Farming (DARCOF), and the 
growing involvement of universities and conventional institutes in organic research, is 
changing this attitude slowly. For organisations with multiple interests there are physical and 
human resource implications to organic farming research. Alongside the investment in 
research facilities for systems research and long-term experiments, there is likely to be a need 
to duplicate equipment and personnel where systems are fundamentally incompatible. For 
example, where the same organisation is researching both genetically modified organisms and 
organic farming, there are both ethical and practical reasons for running two entirely separate 
research teams.

Multifunctional organisations that traditionally have had a responsibility for technology 
transfer in addition to research may have taken a different approach to organisations with a 
sole focus on research. For example, for those working directly with farmers, research aimed at 
understanding and improving organic farming is likely to be more important than compari-
sons between different systems. However, the paradigm shift towards end-user relevance and 
stakeholder involvement in research is resulting in changes in approach among the more tradi-
tional research organisations.

Research training and education
Despite the rigours of scientific training, the culture of the organisation and the nature of the 
individual scientists involved will influence both research design and data interpretation. In 
aiming to understand something as complex as the functioning of systems, the scope for dif-
ferent interpretations of experimental data is likely to be greater than in reductionist experi-
mentation. Scientific training at tertiary level tends to include a high degree of specialisation 
and encourages monodisciplinary rather than interdisciplinary thinking. Scientists need to be 
able to contribute not only from their own disciplines but also to recognise the disciplinary 
part of the bigger jigsaw, as well as being able to ‘step outside their own discipline when it 
becomes a hindrance rather than a help’ (Lockeretz 2000). There is a need to address training 
needs of researchers involved in organic farming to ensure that they do understand the systems 
within which they are working. Teams where systems thinkers and disciplinary thinkers can 
work effectively as one are needed.

On the use of con�entional research in an organic context
Research on organic farming is often, correctly, focused on the development of systems that 
prevent problems such as pests, diseases or nutrient shortages. Contrastingly much conven-
tional research has focused on finding short-term interventionist solutions to such problems. 
The commodity based thinking prevalent in agriculture has also contributed to this paradigm. 
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Ongoing changes in mainstream agriculture, particularly those driven by the environmental 
and human health agendas of reducing pesticide use and environmental contamination are 
likely to narrow the gap between organic and conventional research needs. The focus of much 
conventional research on finding new, acceptable input products to solve technical problems 
will have to be replaced by research of the ecological and social aspects that will allow inputs to 
be reduced. This change should allow wider application of research on organic farming to con-
ventional systems and vice versa. In the past, the conventional sector has sometimes claimed 
that zero N or zero agrochemical treatments in variety trials are relevant information for 
organic agriculture. This shows a misunderstanding of the systems concept of organic farming 
which means that crop production in organic systems is more a function of past cropping and 
environment than of current management, a concept described by Olesen (1999) as the 
‘memory’ of the system.

Research in organic farming – peer re�iews and publication
It is relatively easy to quantify research effort in terms of amounts of government money spent 
on organic farming. It is harder to quantify the outcomes of this research and more difficult still 
to estimate its value to the industry. Conventionally, research output in UK universities and 
research institutions is on the basis of refereed publication output. The number of refereed 
journal articles produced annually with the words organic, biological, ecological or biodynamic 
farm, farms, agriculture or farming in the title, keywords or abstract has increased dramatically 
since 1980. The number of refereed publications cited in the Science Citation Index on organic 
farming increased from 21 in 1981–1985 to 286 between 1996 and 2000 (Watson and Atkinson 
2002). This clearly reflects an increase in research funding but may also reflect a greater accept-
ance of the importance of understanding the underlying biology and socioeconomics of organic 
systems. Although publication in high impact factor refereed publications may be a suitable 
indicator of scientific quality in fundamental science, it is less useful in applied science (as 
defined by OECD 2003). Several researchers have highlighted difficulties in publishing work on 
organic farming systems in refereed journals (e.g. MacRae et al. 1989). Two journals were started 
explicitly to allow publication of such work: the American Journal of Alternative Agriculture 
(1986) (now titled Renewable Agriculture and Food Systems) and Biological Agriculture and Hor-
ticulture (1982). Neither of these journals is highly rated through the conventionally used impact 
factor system that depends on citations in other refereed journals. Publication of studies of 
organic farming has become much more common in mainstream agricultural systems journals, 
although there is still concern among scientists over publication of truly interdisciplinary work, 
especially research that aims to integrate the social and natural sciences.

To this end, the International Journal of Agricultural Sustainability was started in 2003.
A ‘fit for purpose’ criterion may be much more useful in trying to assess the value of applied 

organic farming research to end-users. With respect to organic farming, much of the research 
has been reported in conference proceedings and other forms of grey literature as illustrated 
by the inclusion of over 100,000 abstracts on organic research on the CABI publishing website 
(CABI 2006). Grey literature has been one of the most prevalent routes of knowledge transfer 
in organic farming (Woodward 2002a). There are often long lags between expenditure and 
final output from research, estimated by Barnes (1999) of 16 years and upwards. Participative 
approaches to research may cut this time lag significantly with regard to stakeholders. Preprint 
archives with full-text papers can speed up the communication to other researchers considera-
bly (e.g. Taubes 1996). The recently established web-based archive Organic Eprints (Organic 
Eprints 2006) is an open, international archive for research in organic agriculture that accepts, 
for example, preprints, published papers, reports, project descriptions and popular articles. 
The main objectives of the archive are to facilitate the communication of research papers and 
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proposals, to improve the dissemination and impact of research findings, and to document the 
research effort. In 2005 it included 2700 papers and received more than 50,000 visits per 
month. Nevertheless refereed journal output will probably continue for some while to be a 
dominant marker in agricultural science to gain both respect and reward for individuals and 
organisations.

Coordination of organic research
Many countries have either a formal or informal network of organic researchers. The follow-
ing are examples of how these networks operate in different countries. Scientific Congress on 
Organic Agriculture Research (SCOAR) launched by the Organic Farming Research Founda-
tion in the USA brings together producers and scientists to build a long-term organic research 
agenda (Sooby 2001). The Organic Agriculture Centre for Canada (OACC 2005) founded in 
2001, and funded through Agriculture and Agri-Food Canada and the Natural Sciences and 
Engineering Research Council with additional funding from seven provinces, coordinates 
and collaboratively develops research with agricultural schools in several Canadian universi-
ties. In the UK, the Colloquium of Organic Researchers was formed in 2000 to provide a dis-
cussion forum for issues unique to organic research. In the Netherlands researchers from the 
private Louis Bolk Institute are involved as external experts in projects on organic farming 
carried out in conventional organisations, to ensure their appropriateness and relevance to 
organic agriculture (Niggli 2002). In Denmark, the Danish Research Centre for Organic 
Farming, described as a research institute ‘without walls’ coordinates state funded projects 
on organic farming carried out at a range of institutions. There are other initiatives such as 
conferences and workshops for organic farming research in the Nordic countries and in the 
German-speaking countries.

In June 2003, the International Society of Organic Agriculture Research (ISOFAR) was 
launched in Germany. ISOFAR has 12 sections, mainly based on disciplines, and five cross-
disciplinary working groups. The latter address issues such as the relationship between organic 
agriculture and biotechnology, methodological approaches to organic research and coordina-
tion of long-term experiments (ISOFAR 2006).

Across Europe there are many different institutes and traditions for organic farming 
research that until now have not been coordinated. Many of the research groups involved are 
geographically isolated and lack ‘critical mass’.

As part of the EU ERANET scheme, the EU hopes to exploit the potential for improved 
research quality and value-for-money through transnational cooperation. The overall objec-
tive of CORE Organic (Coordination of European Transnational Research in Organic Food 
and Farming) is to enhance quality, relevance and utilisation of resources in research in organic 
food and farming in the EU. This will be achieved by research cooperation and coordination of 
research facilities, and to establish a joint pool of at least three million Euro per year for tran-
snational research in organic food and farming by the end of the project in 2007 (CORE 2006). 
The aims are set out in Box 15.3.

Box 15.3  Aims of CORE Organic

1 Increase exchange of information and establishment of a common open web based 
archive.

2 Coordination of existing research and integration of knowledge.
3 Sharing and developing best practice for evaluating organic research.
4 Identification and coordination of future research.
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One of the activities that will be carried out in CORE Organic is a research priorities 
exercise aimed at involving a wide variety of stakeholders in the organic sector, from producers 
to consumers. A UK exercise is being carried out as a pilot for this wider study during 2005. 
Previous exercises in establishing organic research priorities in the UK have tended to consult 
a fairly narrow range of stakeholders and have focused on technical rather than social issues. 
Reed (2004) argues strongly for social science to move up on the organic research agenda. At 
least in European terms, the basis for this is that following the reform of the Common Agricul-
tural Policy, organic farming may be more important as a means of bringing a diverse range of 
added benefits to rural communities than as a system of food production.

Conclusions
Research is important in the development of organic food and farming. To fulfil this role a 
broad range of methods and approaches is needed. There is no single kind of scientific method 
that is adequate and there is also a need to develop new methods and approaches. It is a great 
challenge to include very different methods, applied within a wide range of perspectives, in an 
interdisciplinary or transdisciplinary research effort. There are no essential barriers to estab-
lishing such cross-disciplinary research collaborations but there are many practical and struc-
tural barriers. The recent initiatives on increased international research cooperation within 
organic research will, however, help to realise more comprehensive research efforts by forming 
organic research communities that, for example, share experiences, provide for expensive 
facilities for large-scale and long-term systems research and coordinate research initiatives. 
There are also many ways in which research in organic agriculture can benefit from coopera-
tion with mainstream agricultural research. These options increase in step with the establish-
ment of ways of organising organic research that promote such interaction and with the 
changing research agendas for conventional research. Despite these benefits, and because of 
the positive integration of organic research into mainstream institutes, there is still a clear 
need to sustain dedicated organic research institutes and to foster new international research 
networks and organisations that focus entirely on organic research.
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Chapter 16
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The importance of education in organic agriculture is growing in many countries, as demand 
in the marketplace for organic food expands and farmers respond by increasing organic certi-
fied areas. Traditionally, most training in organic production practices and systems has taken 
place on farms, as students apprentice themselves to practising farmers and ‘learn by doing’. 
Only recently have formal educational programs emerged as important in the Nordic region as 
part of the university and technical school system. Most learning opportunities in the United 
States of America (USA) are still found on farms or in special apprenticeship programs on 
some university or college campuses.

The term ‘ecological agriculture’ is commonly used in some countries in the Nordic region, 
and is used here to designate organic farming and gardening. The term ‘organic’ is widely used 
elsewhere in Europe and in most English speaking countries. In this chapter the terms are used 
interchangeably.

This Chapter begins with an overview of ecological farming and considers the place of edu-
cation within it. Focusing primarily on the goals and structure of courses and curricula in the 
academic environment, our own experience as a small group of educators in setting up course 
units and programs in the Nordic region and in the USA is presented. Important questions 
related to agricultural education are considered, and the chapter concludes not with a recipe 
for a program in organic agriculture, but with a set of perspectives considered useful for the 
conceptual and structural changes needed towards designing an appropriate learning land-
scape for organic agriculture. The term ‘course’ is used here to denote a course unit, and is also 
called a ‘subject’ in some situations.

O�er�iew of organic farming and education
Evaluation of educational opportunities needs to be made in the context of the growing organic 
food production and marketing sector. In Europe, the annual growth in organic farming areas 
ranges from 10% to 30%, depending on the country (Dabbert et al. 2004). In terms of area, 
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Austria has the highest current percentage of land in organic production at 10%. Denmark has 
the highest level of organic food in the marketplace at 3%, and among the other Nordic coun-
tries, Sweden and Finland produce a 1% share of organic food. The percentage of retail sales of 
organic food as a part of total food sales in selected countries are shown in Table 16.1.

Some sectors in agriculture have much higher rates of production and sales. For example, in 
Denmark the market share for organic oats was 27.2% and for organic milk was 23.5% in 2002 
(GfK Danmark 2003). A survey in 2001 showed that only 10% of Danish consumers never pur-
chased organic foods (Wier et al. 2005). Although the current levels of organic food sales in the 
USA are moderate at 1.0% to 1.5%, this segment of the marketplace has been growing at 20% per 
year for the past 20 years (Sooby 2003). While the organic food sector was traditionally domi-
nated by small and local processing and distributing companies, now there is strong interest in 
the organic food business from larger and multinational corporations. Since 1985 there has been 
a major transfer of ownership from the local and regional companies to the multinationals (Hen-
drickson et al. 2001), along with the trend towards an industrial mode in the organic food sector 
whereby large scale, specialised, globalised and decontextualised technical and logistical solu-
tions are commonplace. Support for increased education from the national political levels reflects 
this increase in importance in the marketplace and in large corporations.

Acceptance of this change has been much less rapid in our educational institutions, where 
the focus continues to be on the development of, and more efficient use of, technology, and 
improving the efficiency of the industrial model of agriculture. The industrial model assumes 
that labour and land are the most limiting factors to production, and that substitution of 
capital for labour is more important than exploring ecological efficiency in production, and 
far more important than finding the systems that are most socially viable. In the universities, 
there is a strong adherence to traditional disciplines and specialised research and teaching. 
The move from single disciplines to systems approaches, such as the study of whole-farm 
systems and multifunctional landscapes, continues to be a slow conversion process and is not 
a priority for most of our agricultural science colleagues (Langer et al. 2006). In addition to the 
challenges concerning methodological orientation, organic farming has often been discrimi-
nated against as being an ideology and not lending itself to scientific research. Fortunately, a 
more pragmatic attitude among scientists is becoming dominant along with increased availa-
bility of research funding to develop organic practices. The effectiveness of the consolidated 
research effort in Denmark through the Danish Research Centre for Organic Farming 
(DARCOF) since 1995 and the recent creation of the International Society of Organic Agricul-
ture Research should help change attitudes within academic circles.

Table 16.1 Percentage of organic retail food sales as a portion of total food sales in 2000 (after 
Dabbert et al. 2004)

Country %

Austria 2.0

Denmark 3.0

France 1.0

Germany 1.5

Italy 1.0

Netherlands 1.0

Sweden 1.0

Switzerland 2.5

United Kingdom 1.0
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On-farm apprenticeship programs have been more rapid to respond to the interest in 
organic food production and marketing. Numerous examples of farmer-organised training 
opportunities exist in the Nordic region, in other parts of Europe and in the USA. Trygve Sund 
has welcomed apprentices to his biodynamic farm near Stange, Norway, for the last 30 years, 
and has trained over 250 young people in the methods and systems appropriate to that type of 
organic farming (pers. comm. 2004). In Finland, the Otava Agricultural College in Mikkeli, 
where the Helsinki University organic food and farming educational program takes place, 
converted the college farm to organic production in order to allow the students an opportu-
nity for hands-on experience in practical organic farming. In the USA, the University of Cali-
fornia at Santa Cruz, though not an agricultural university, has run apprenticeship programs 
since 1970, primarily because of demand from the local community, and this program attracts 
more than 100 applicants each year for only 40 spaces (pers. comm. 2004). The organic farm at 
the University of Maine has a community supported agriculture (CSA) entirely administered 
by students and sells organic produce to people in the community. Likewise, the University of 
California at Davis has a student organic farm located on campus. In the case of Maine, the 
practical program is closely connected to on-campus academic courses, while in California 
these programs are not directly connected to the teaching of mainstream agriculture. Only in 
recent years are new programs in agroecology and organic farming coming into the core uni-
versity curriculum.

Emerging uni�ersity programs and resistance to change
In the Nordic region, the NOVA University Network program in agroecology and ecological 
agriculture is a model for the integration of the study of organic agriculture into the university 
curriculum. In later sections, courses within several universities are described, along with the 
experiential methods that are considered important to learning. The introduction of such courses 
of study and curricula into mainstream universities and agricultural colleges is proving difficult, 
partly because of shrinking student enrolment generally in agriculture-related studies and tight 
budgets, but more importantly because there is still a strong adherence to traditional and narrow 
fields of study that are defined by classical offerings in agriculture. This is then reflected in the 
difficulty of fitting interdisciplinary, systems-oriented programs within the discipline-based 
structure of faculties and educational programs and in the general attitude of academics.

The commonly observed reluctance among university colleagues to move outside the estab-
lished discipline boundaries is associated with fears of risk to their professional careers in 
terms of less recognition of their work by peers, perceived difficulty in getting research on 
agricultural systems published, and reduced potential for obtaining funding. This situation 
has been resolved to a small degree in the USA by the availability of research and education 
funding for sustainable agriculture projects, such as the Sustainable Agriculture Research and 
Education program (Berton 1998), and in the Nordic region with availability of national 
funding as well as regional and European Union (EU) grants.

In spite of this funding, there is a continuing trend in agricultural universities towards 
education and research in two new but totally different directions: 

1 basic biochemistry and molecular biology with the goal of designing higher yielding crops 
and animals for the future; and 

2 conservation biology and ecology with a focus on natural systems and preservation of bio-
diversity and the environment. 

Both paths foster even more disciplinary specialisation, with fewer faculty members 
showing interest in broader perspectives and visions. The net result is an increasing divergence 
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and accentuation of the conflicts already existing between conservation and the productive 
use of agricultural land and forest, rather than focusing on a collaborative study leading to the 
development of multifunctional rural landscapes. Within the production stream too, the links 
between production, processing, marketing and consumption necessary for an understanding 
of sustainable food systems is being ignored.

The proposal here is to have individual course units in ecological agriculture and agroecol-
ogy at the very least. Beyond this, a broader and more integrated curriculum is needed to make 
students more aware of open, interactive, evolving and dynamic farming and food systems. 
Agroecosystems are more complex than the collection of their mechanical and biological com-
ponents. To achieve better awareness by students, the emphasis in new courses is on experien-
tial learning. The ‘Hawkesbury Experience’ emanating from Australia since the early 1980s 
and the innovations in ‘systems agriculture’ curricula have been inspirational and instructive 
to many educators designing courses in ecological agriculture (Bawden et al. 1984, 2000). 
Instead of focusing on the structure and content of single courses offered at the university, 
another approach is to concentrate on providing meaningful learning experiences, which 
move the learners closer to the real world and confront challenges comparable to what they 
will come across as graduate agroecologists (Lieblein et al. 2004). Examples and case studies 
are drawn from organic agriculture and food systems. The focus is on students and their 
learning, rather than on professors and teaching. The process of learning is at least as impor-
tant as the specific course content, therefore experiential ways that allow learning to take place 
are adopted in preference to the traditional offering of lectures aimed at knowledge transfer.

When these components are developed as part of an integrated learning landscape, the new 
educational environment often may be poorly understood by some colleagues in academia, 
and seen by others as a threat to the establishment. Introducing many simultaneous changes in 
courses and plans of study is often the reason for this perception of threat among academic 
colleagues and students (Francis et al. 2001). It can also be a source of discomfort to students 
unaccustomed to taking responsibility for their own education. One way to overcome the 
resistance would be to initiate a totally experiential program rather than tinker with parts of it, 
and then manage the process of transformation with faculty and students, the feasibility of 
which was demonstrated at Hawkesbury in the 1980s (Bawden 2000). However, the ideal cir-
cumstances that would enable such elaborate academic experiments have become increasingly 
rare. In proposing a new field of study called agroecology, we envisage an approach and a 
program of study substantially different from conventional programs in agriculture and land 
management, but quite feasible within the institutional and economic structures of a contem-
porary university or college. The educational model being developed in agroecology and eco-
logical agriculture in the Nordic region and parts of the USA has important implications for 
agricultural education in general, and is certainly not confined to organic agriculture. In the 
same way, research and education in organic practices and systems, and their adoption by a 
small but growing fraction of farmers, is providing new directions to conventional farming, 
although this impact is difficult to measure.

How ongoing research informs education
An important principle in the design of organic farming education is the reliance on both 
science-based and experience-based knowledge, and recognition of the role of values in setting 
goals for development. Those in agricultural science recognise explicitly the importance of 
technology and applications of the scientific method of testing alternative practices and 
systems. Many people applaud the development of organic systems that are friendlier to the 
environment than current conventional agricultural systems. However, even if the Fisher sta-
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tistics are adequate for analysing the effects of one or two factors, they are weak in the evalua-
tion of multifactor changes, and especially in the analysis of whole systems. Choosing 
appropriate indicators of system performance brings in further complications, when the need 
for multiple evaluation criteria beyond crop yields and single-season net economic returns is 
embraced. For example, when the impact of systems on the environment, long-term sustaina-
bility of yields and income, and distribution of benefits from agricultural production are 
included, it becomes essential to consider new systems assessment criteria and methods to 
simultaneously evaluate their impacts on alternative system performance. A detailed analysis 
that includes such a wide range of factors provides the challenge of internalising as many costs 
as possible in the system and looking at long-term sustainability. For example, to evaluate the 
contributions of a multifunctional rural landscape to society, beyond the production of food 
and fibre, it is important to identify and especially to quantify the most meaningful indicators 
of system performance and success.

In addition to conventional scientific research approaches, the importance of practical 
experience of farmers in providing an additional base of information for ecological agriculture 
systems design is recognised. The recognition of local and experience-based knowledge also 
leads to applications in participatory research methods. Development work in some countries 
over recent decades has highlighted the need to understand farmers’ worldviews and has led to 
the emergence of participation as a key feature of a farming systems approaches to research 
and extension.

Methods from the social sciences are useful for collecting and evaluating information on 
performance and decision making, leading to the design of alternative systems. Such experi-
ence-derived methods and results are included in the educational process. Use of surveys, 
focus groups, personal interviews with farmers and applied projects in the conversion process 
from conventional to organic systems are among the research techniques that can supplement 
our conventional repertoire of biological and economic science methods. Students from agri-
cultural science with little prior experience in social science methods often find these research 
techniques valuable in helping explain facets of their results and conclusions, and understand-
ing the social relevance of their research. This has been an important dimension of the NOVA 
University PhD courses held in Norway (Lieblein et al. 1999). These dimensions of agricultural 
research are important to learning about integrated systems, not only to organic farming. Such 
methods help prepare the agroecologist who finishes the educational program to move directly 
into the professional world (Lieblein et al. 2004). An additional benefit from this mode of 
research is increased understanding and respect for the rationale, values and goals of the 
farmers and other participants in farming and food systems.

A breakdown of rural communities has taken place in the Nordic region. In Finland, for 
example, in their ‘100-hectare loneliness’, the remaining farm families now run their mecha-
nised farms in an industrial mode. As recently as 20 years ago, there were rural communities 
with an average farm size of 10 ha. With fewer farms and a reduced rural population, there is 
loss of infrastructure and services for those who remain, further accelerating the move to 
urban areas. The overall situation adds external cost to the farming and food sectors, but often 
the cost is borne by society in the form of subsidies from the federal government or the EU, or 
they are passed on to future generations.

A similar example is found in the industrialised agriculture in the USA’s Midwest. There is 
continuing consolidation of farms into larger economic units and less reliance on the local 
economy and community, a prime example of an agricultural system whose negative social 
impacts will be felt. With a median farmer age of 58 years, over half of the farmers are likely to 
retire within the next decade. It is difficult for a young farmer to begin on a large scale, and thus 
most are excluded from the opportunity to enter agriculture. Most land that comes available 
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will be purchased or leased by existing farmers with very large operations. At the same time, 
there is a concentration of wealth and power in the agricultural input industry and in the mar-
keting of commodities and products from agriculture. There is a continuing move toward 
vertical integration, especially in the livestock sector, and an objective to control the product 
and the profits from the field all the way to the final sale in the supermarket.

Changes in both the input and the commodity marketing sectors represent a move toward 
homogeneity and an industrial model that defies ecological common sense and does not con-
tribute to a sustainable future food system for society. It is essential that our educational 
process be designed to guide students in an objective evaluation of current systems as well as 
alternative future systems, to provide them with the tools and perspective to learn about the 
long-term impacts of decisions today that will shape tomorrow’s agriculture and food systems. 
This dimension of learning includes the clarification of attitudes about research and educa-
tion, and the development of a capacity for visioning the future, both important dimensions of 
education that must accompany the accumulation of more knowledge and new skills at the 
university.

Experiential learning
In developing courses, implementing educational programs, and observing students sharing 
new experiences along with the instructors, the process of learning is as important as the 
specific subject matter. Along with the expert view on pedagogy, it is the authors’ experience 
that even if learning styles differ, many adult learners thrive on practical examples and hands-
on experience, and that a fruitful learning process is exploratory and constructive (Mezirow 
1991). Our educational programs have been organised around the principles of experiential or 
action education as first described by Dewey (1933), and developed into a practical model by 
Kolb (1984). The incorporation of systems thinking to this experiential model, particularly 
from the constructivist position of seeing farming and such other ‘soft’ systems as human con-
structs, makes it a strong and relevant paradigm of education.

One of the assumptions implicit in this paradigm shift is that students arrive at courses in 
agroecology with an extensive background in other courses, as well as lives rich with outside 
experiences. The challenge for the educator then is to add to those experiences and provide a 
learning landscape where students are encouraged to share their expertise with others in the 
learning community and to integrate new knowledge into what they already have. The main 
goals are to add value to their existing knowledge and to help develop abilities in critical 
thinking and decision making. The new knowledge and skills enable students to process dispa-
rate and often conflicting facts and experiences into an integrated appreciation of agricultural 
and food production systems.

To implement such a program requires some adjustment in the attitudes of instructors 
toward their roles in the learning process, often in sharp contrast to their prior experience in 
the educational system. The emphasis needs to change from teaching to learning. To make the 
transition from perceived expert (‘the sage on the stage’) to an effective catalyst for learning 
(‘the guide on the side’) may be more of a change than some are prepared to make. To allow 
students to assume responsibility for their own learning also may be difficult, if instructors 
have been trained to believe that they are always responsible for everything that goes on in the 
classroom and the field. It takes personal confidence on the part of the instructor to assume this 
different type of role in the educational process, one that Østergaard and Lieblein have called a 
‘pedagogy without mercy’ (Lieblein and Østergaard 2001), when we transfer some degree of 
power to students and cannot predict what challenges that will provide us. These approaches 
have worked well for us in the agroecology programs in Norway and in the Midwest of USA.
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A perspective that could help in changing focus from teaching to learning could be illus-
trated by the formula: knowledge = information × processing

The process of ‘processing’ encompasses the mental activities of taking in information, 
reflecting on it, interpreting and integrating it within an existing framework. When there is 
zero information or zero processing, there is zero knowledge. This perspective could open up 
different ways to look on the information that the instructor will find relevant for students. 
Different kinds of information could be included, and could be delivered in several ways, but 
probably not only as lectures that give no time for processing. This approach puts greater focus 
on the reflection and assimilation skills for information processing, and this could be a key to 
developing activities in the curriculum.

Among the methods that seem successful in achieving relevant processing are the problem-
oriented and project-based learning and case-study approaches that take students out of the 
classroom and into the real world to face similar challenges to those they will confront on the 
job. Our design of courses to meet the needs of students has begun to focus on the knowledge, 
skills, attitudes and capacity to future scenario building; the essential competencies to be 
developed by students as they ‘become agroecologists’ (Lieblein et al. 2004).

Programs and courses in organic farming and agroecology
As different models are being used to provide education in organic agriculture, it is important 
to describe the complementarities between agroecology and organic agriculture as understood 
in the Nordic region. Agroecology is chosen for the title of courses that embrace systems 
thinking, experiential learning and holistic approaches to the study of farming systems and 
food systems. The term is seen as a useful umbrella that accommodates relevant disciplines 
and permits us to integrate these in contextual learning situations. Because of the personal and 
professional interests of individuals or groups in the agroecology discipline, organic systems 
are often used as examples and models to illustrate the importance of holistic thinking, design-
ing for complexity and resilience in systems, and considering the efficiency of the complete 
human food cycle. Examples of courses that add to the already rich diversity in current univer-
sity course offerings are described briefly here, recognising that efforts to build organic agri-
culture education are on the rise today, especially in Europe. A brief explanation of educational 
programs in several European countries is provided in Box 16.1. This section offers ideas to 
those looking for models to base their efforts in course design, as well as serving as a preamble 
for the future design of learning landscapes for agroecology and ecological agriculture.

Denmark
Formal courses in organic agriculture at the Royal Veterinary and Agricultural University 
(Den Kongelige Veterinær-og Landbohøjskole, KVL) were first offered in 1988, coinciding 
with the expansion of the organic sector in the country. ‘Ecological agriculture’ was the title of 
a popular 12 European Credit Transfer System (ECTS) points course (30 ECTS being equiva-
lent to one semester of full-time at Masters level). Under the free choice option available to 
Danish students, there were as many as 80 students taking this course in the early 1990s. 
Group-based project work and interdisciplinary learning were hallmarks of this course and 
students worked with real-life conversion plans for farms undergoing change towards organic 
farming for their projects. Global perspectives and values orientation have been important 
features of the course. In later years, based on the demand for a BSc level course for students 
requiring only an overview of organic agriculture, a new six ECTS point course ‘Introduction 
to ecological agriculture’ was commenced in 1998. Both courses were offered in Danish by 
faculty members of the Organic Farming Unit. Declining student demand, introduction of 
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Box 16.1  An overview of educational initiatives in 
ecological agriculture in selected countries in Europe

The first university courses in ecological agriculture in Europe were started in 1982 at the 
University of Kassel, Witzenhausen (Germany) and at Wageningen Agricultural University 
(the Netherlands), where professorships in ecological agriculture had been established. 
During the mid-1980s, single courses in ecological agriculture were started in several 
European universities. In many places these courses have evolved into programs, of which 
an overview is presented here.

Network approach
A popular European-wide ‘common degree level specialisation in ecological agriculture’ 
at the Bachelor level has been running for close to a decade under the EU’s Socrates 
program. The Royal Veterinary and Agricultural University (Den Kongelige Veterinær- og 
Landbohøjskole, KVL) in Denmark; University of Wales, Aberystwyth; Wageningen 
University, Swedish University of Agricultural Sciences, Uppsala; University of Kassel, 
Witzenhausen, Institut Superieur d’Agriculture Rhones-Alpes, France; University of Tuscia, 
Viterbo, Italy; Agricultural University of Norway, Ås, and Helsinki University, Finland, have 
been the main partners in this consortium. The consortium was reorganised into the 
European Network of Organic Agriculture University Teachers in 2003. It now includes 
universities in Slovenia, Poland, Austria, Hungary and Portugal. The Network’s website, 
where all relevant information concerning institutions, contact people and course offers 
are given (ENOAT 2004).

A three-year pilot project, Learning through Exchange – Agriculture, Food Systems 
and Environment (LEAFSE) is being led by the KVL in Denmark with three other European 
partners (Wageningen University, University of Wales, Aberystwyth and University of 
Kassel) and four Australian partner universities, University of Queensland (St Lucia and 
Gatton, Queensland), University of New England (Armidale, New South Wales), 
University of Western Australia, (Perth, Western Australia) and University of Western 
Sydney (Richmond, New South Wales). This project has organic farming as the focal 
point of a one semester exchange study at MSc level.

Programs at the Bachelor and Master level
Austria. University of Natural Resources and Applied Life Sciences, Vienna, offers a 

two-year Master of Science (MSc) in organic farming.
France. Beginning in 2004, the FESIA group of five engineering universities in 

agriculture and the food industry offer a two-year specialisation in agroecology.
Germany. University of Kassel, Faculty of Organic Agriculture Sciences at 

Witzenhausen, has a three-year program in organic agriculture and a two-year MSc in 
international ecological agriculture.

Italy. The University of Turin offers a three-year Bachelor of Science (BSc) in organic 
farming. The University of Tuscia offers a three-year BSc in ecological agriculture. The 
two, in collaboration with FESIA and the Agricultural University of Norway, also offer a 
two-year international MSc in agroecology.

Slovenia. The University of Maribor offers a two-year MSc program in organic 
production and Improvement of alternative crops.

The Netherlands. Wageningen University offers a three-year BSc program and a 
two-year MSc- program in organic agriculture.

Wales. University of Wales, Aberystwyth, offers a BSc in organic agriculture and a 
Postgraduate Certificate in Organic Farming.

010602•Organic Agriculture 3pp.i392   392 30/4/06   4:45:27 PM



Education and training in ecological agriculture: the Nordic region and the USA 393

more interdisciplinary course options in the agriculture curriculum and the recent restructur-
ing of the entire program have meant that these two courses were not offered in 2004.

‘Ecological agriculture 1’ is the title of an international course on offer at KVL under the 
Socrates Common European Degree level specialisation in ecological agriculture. It is a 24 
ECTS full semester course that fits the descriptions for a thematic course at the Danish agri-
cultural university. The aim of the course is to give students an understanding of the basis of 
ecological agriculture from an integrated viewpoint. Ecological farming in Denmark is given 
consideration followed by themes related to biodiversity, cropping system design and the tech-
nological aspects of organic farming. A three-day study tour and other one-day excursions 
into the farming areas of Denmark enable the predominantly international students to gain a 
good understanding of the state of organic farming in Denmark. Fifty per cent of the course 
assessment is based on a group project, 20% on literature evaluation, and the balance on the 
basis of a description of individual learning outcomes by the students.

Finland
The courses at the Helsinki University in Mikkeli make up a 70 ECTS program that aims to 
give an overview of organic farming and food systems, create understanding and develop skills 
towards sustainability according to its underlying principles. All the courses are interdiscipli-
nary and participatory and include the ecological, economic and social points of view. Exclud-
ing the optional literature-based courses, all courses have a study component which includes 
interaction with farms, other organic enterprises or food systems as an essential starting point 
for learning. One course (LUOMU 1 Organic agriculture) focuses on farming systems, another 
(LUOMU 2 Organic food industry) on the rest of the food chain, while the remaining courses 
deal with the whole food system, including the value dimensions (LUOMU 0.1 Introduction to 
organic food and farming, LUOMU 3 A Readings, LUOMU 4 Practical training, LUOMU 5 
Organic quality, LUOMU 6 Organic food systems, LUOMU 7 Case study, LUOMU 8 C 
Readings and LUOMU 9 Practical training in a research group). Courses with numerical iden-
tification from 1 to 4 are Bachelor level courses and the rest are Masters level courses.

The emphasis in these courses is on progressive inquiry learning (Hakkarainen et al. 2004) 
with the focus on the learning process rather than on teaching specific content. Students set 
their own learning goals and share expertise among themselves. As examples of interaction 
with the practice besides lectures, discussions and readings, in LUOMU 1, students become 
familiar with eight farms, in LUOMU 2 several other enterprises, and in LUOMU 6 they work 
with one food system in the neighbourhood in a multidisciplinary student team. They complete 
a series of exercises based on cases that include an analysis of sustainability and reasoned pro-
posals for further development. In LUOMU 4, students have 40 days of practical work on 
organic farms or in other enterprises such as those trading or marketing in organic food, and 
restaurants, and then prepare an analytical report on the experience. They add value to the 
experiential field activity by analysing and evaluating their observations and putting this into 
a logical framework in the report. In LUOMU 7, multidisciplinary student teams take a systems 
approach to evaluating a case in developing an organic farming and food system and report 
this as a tutored research project.

Sweden
Three courses have been designed at the Swedish University of Agricultural Science (Sveriges 
Lantbruksuniversitet, SLU) to address theory, project management and systems research 
methodologies. Although organic farming is not in the title, the courses often use organic 
farms for the case studies in the field. The course ‘Adaptive management – Theory’ considers 
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assessment methods for sustainable land use within a framework of systems ecology. Students 
examine the concept of sustainability, define general systems principles and review evaluation 
methods for sustainable development and land use. ‘Adaptive management – Project’ com-
prises group work using available measurement tools and indicators with a client case in the 
field. Students propose different development scenarios and recommend potential improve-
ments in the current situation and context of the farm. ‘Systems ecology – Analysis tools’ has 
the goal of enriching the discourse on sustainable land use by using emergy accounting and its 
implications for the environment and the economy (Odum 1996). Students learn emergy 
systems language, major flows and transformations, relationship of money to emergy, natural 
systems and simulation using models.

Norway
An intensive semester at the Norwegian Agricultural University includes two courses – ‘Agr-
oecology and farming systems (PAE 302)’ and ‘Agroecology and food systems (PAE 303)’ – 
where students work on issues with clients in the rural landscape and communities. Each 
course begins with a three-day experience visiting farms and communities to provide context 
and preliminary information, both in production and economics as well as in the ecological 
reality and social integration of people in the landscape. This is followed by lectures and dis-
cussion, intermixed with library research and meetings among the teams and faculty. Student 
groups formulate questions and indicators for measuring what they observe in the field and 
the community. They become familiar in the research in specific technical fields, the available 
technologies and the information resources that are appropriate to their location. The final 
reports or client documents are presented to faculty, students and farmers for evaluation. The 
intensive semester just described with its two courses has been envisioned as the compulsory 
beginning for those choosing to complete a two-year MSc program in agroecology at the 
Nordic universities. The semester in 2005 was open to students from other regions with an 
interest in ecological agriculture at the Masters level.

United States of America
The most comprehensive resource listing on education and training is the website compiled by 
the Alternative Farming Systems Information Center (AFSIC 2005), which is operated by the 
United States Department of Agriculture. The site includes both formal courses offered by 
colleges and universities, and practical internships and apprenticeships available and adver-
tised by non-profit groups and individual farmers. There are many more opportunities 
provided by farmers, but these are not publicly advertised and can be found by consulting with 
the grassroots groups in sustainable agriculture around the country.

Many of the courses in organic farming have evolved from earlier courses designed around 
the topics of sustainable agriculture and agroecology (Altieri and Francis 1992). Most courses 
are taught at the upper division or graduate study levels, and assume a general basic under-
standing of the science of agriculture, and build on prior courses in soils, crop management, 
crop protection, agricultural economics and sometimes ecology. The textbooks used are most 
commonly those of Altieri (1995) or Gliessman (1998). Organic systems are examples of 
farming strategies that incorporate many ecological design principles, with multiple goals of 
production efficiency, acceptable economic returns, a benign impact on the immediate envi-
ronment and social viability. Local food systems are commonly used as a positive alternative to 
the growing global food chain.

Some courses focus primarily on the biogeochemical cycles and production details, whereas 
others introduce a stronger emphasis on farm and local community economics, as well as the 
environmental and social implications of alternative production systems. There is some agree-
ment that agroecology should deal with the widest possible range of biological, economic, 
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social factors and implications of the farming and food system – agroecology could be defined 
as the ‘ecology of food systems’ (Francis et al. 2003).

‘Science-based organic farming and gardening (AGRO 496/896)’ at University of Nebraska 
– Lincoln is designed to explore both the scientific basis of organic practices and integrated 
systems as well as the experiential foundation of organic farming from farmers’ viewpoint. A 
reading list covers the history of organic farming, current practices in management and alter-
native marketing systems. The core activity of the course is a series of classes on theory and 
then meetings with farmers, processing and marketing specialists, and an organic certification 
supervisor who each describe their application of the combination of science and experience in 
organic farming and food systems design. Each student reports on one book on history or the 
current management of organic production systems. A major exercise for the term is each stu-
dent’s development of a draft extension guide, either related to a specific topic such as control 
of thrips in organic onion and garlic or dealing with a general topic such as certification rules 
or alternative marketing schemes. A reference developed for this course as well as for extension 
meetings with farmers and advisers is available on the web (cari.unl.edu/organichand-
book2004.doc). Two comprehensive and key resources are the website of the Applied Technol-
ogy Transfer to Rural Areas (ATTRA 2006), and the newly published curriculum and teachers’ 
guide from the University of California, Santa Cruz (Miles and Brown 2003). ‘Agroecosystems 
analysis (AGRO 436/836)’ is a summer travel course with students from Nebraska, Iowa, Min-
nesota, and other states. There is precourse reading on the context of the region, and then 
students and faculty come together for eight days of intense travel with interviews on ten farms 
with the farmers and families. Student teams design indicators for farm evaluation, and need 
to establish their criteria for evaluation, including production, economic, environmental and 
social dimensions and impacts of the farming systems. Written team reports and individual 
learner documents are used to assess the educational process (Wiedenhoeft et al. 2003). The 
course reading materials include Rickerl and Francis (2004) from the American Society of 
Agronomy.

De�elopment of a curriculum
To date, most of our emphasis has been on development of individual course units or founda-
tion building blocks needed in organic farming and agroecology. These courses help prepare 
students to deal with the complexity and uncertainty they will face in working for sustainable 
agriculture and food systems. Less attention has been paid in our work to the design of an 
overall curriculum. Existing course units have been built on in the study guides in specific and 
important disciplines, and others have been added such as the integrative options listed in the 
previous section. These courses in ecological agriculture can add value to component knowl-
edge and skills gained from prior experience and current courses. The educational landscape 
will be improved by focusing on who is being educated, and what the emerging agroecologist 
is expected to do with their education and experience in the program when they graduate 
(Lieblein et al. 2004).

The thinking so far has been constrained to some extent by modelling an educational 
program with a sequence of courses that resembles other curricula in the university, and thus 
fits into current schedules and is acceptable to the decision makers and peers on the university 
evaluation committees. This is a logical first step to getting a course of study approved within 
the contemporary university educational structure, yet whether this model is the most appro-
priate one for designing education in agroecology and ecological agriculture is being ques-
tioned. Reference has already been made to the case of the University of Western Sydney, 
Hawkesbury, where an innovative and complete redesign of agricultural curriculum was 
 successfully made already in the 1980s. Yet, structural and financial changes in university 

010602•Organic Agriculture 3pp.i395   395 30/4/06   4:45:27 PM



Organic agriculture: a global perspective396

 education and the need for conformity have forced this program to regress towards retaining 
only a fraction of its original design, the entire process being described recently by its leader as 
a ‘cautionary tale’ (Bawden 2000).

One opportunity for change in the curriculum is to challenge the sequence of courses in a 
student’s plan of study, and question the belief in a ‘one size fits all’ approach. The suggestion 
of ‘just-in-time education’ compels the pattern of courses in the undergraduate curriculum to 
be examined and to see where each fits in a logical continuum of acquiring knowledge and 
skills to become a successful professional (Salomonsson et al. 2005). In contrast to the courses 
designed only for the accumulation of more knowledge and practice of additional skills, it is 
important also to include attitudes and visions for the future. When students are encouraged 
to examine their attitudes toward the subject matter and how new information and skills can 
be applied to real world situations, they can become enthusiastic and even passionate about the 
topic and are able to translate their feelings into action. There is often a greater gap between 
knowledge and action than between ignorance and knowledge (Lieblein et al. 2004), and the 
properly designed educational curriculum can help to narrow that gap and provide stimulus 
toward appropriate action. Further, it is important to build skills for visioning and long-term 
planning, a step that prepares students to confront questions that have not yet been asked. 
These capacities of students are not encouraged in a lecture situation, in which the instructor 
becomes the major source of new information and the evaluation is based on students’ capacity 
to feed back answers on exams. The change in educational paradigm suggested here can be 
challenging to professors as well as to students, each of whom may have grown up in a different 
educational culture. The goal is to build on the concept of ‘everyone a teacher, everyone a 
learner’ in designing new educational curricula in agroecology and ecological agriculture 
(Francis and Carter 2000).

Two models can be used to illustrate the differences between our current agricultural uni-
versities that are designed around conventional departments and specialised activities and a 
possible future active learning university. The current paradigm (Figure 16.1) has specialists 
organised in departments around classical disciplines. The primary communication is among 
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Figure 16.1 Current structure of an agricultural university, including the limited relationships 
among departments, one-way transfer of information to clients in the landscape, and disconnection 
between natural areas and farming areas and urban society (from Lieblein et al. 2000).
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those within each department, and each of them reaches out to the public with specific recom-
mendations on new crop cultivars, or fertiliser recommendations, or how to manage weeds. 
There is minimal feedback from the clients because after all, it is assumed that the experts 
reside in the university and have access to the latest information. There is a disconnection in 
our minds between the natural environment that is studied by natural resource specialists 
with little interest in agricultural production, and the crop and animal management special-
ists who work in the agricultural production areas. Parallel to this, there is a complete discon-
nection between the people working in food production and those in urban society, the latter 
with all their challenges of securing an adequate food supply, finding energy and meeting the 
needs of a culture that is divorced from both the natural environment and farming enter-
prises. Students learn all of their theory in the university, and later face the challenge of con-
fronting the complexity and uncertainty of the real world, and often are fearful of even entering 
that world. They may seek employment within their personal comfort zones rather than adapt 
to an unknown and seemingly hostile agricultural sector that is even sceptical of the skills that 
they have to offer. Although this is an extreme example, it does illustrate some of the chal-
lenges faced in a specialised society.

The alternative vision presented in Figure 16.2 for a future active learning university has 
specialists, but they are organised in large, interdisciplinary departments in flexible teams that 
are fluid and responsive to new challenges in society. There is frequent and two-way commu-
nication between those who work in the university and those in society. The landscape is a 
continuum from areas of nature through production areas to the urban areas, and the inter-
faces between them are indistinct and complementary. Students take some of their basic 
sciences and humanities in the university campus, while having some practical experience to 
ground their classes in the reality of the human situation in food production and consump-
tion. In the upper level courses they move freely out of the university and back in to acquire 
more resources and skills, but most of their education takes place in the social and production 
landscape where they will eventually work. They are organised in teams that include various 
specialists, and all become familiar with the tools, skills and vocabulary needed to work in 
interdisciplinary teams. The learning stays centred on a series of projects that reflect current 
problems or challenges in natural areas, production systems or the urban part of the food 
system and materials cycle. The emphasis is on teamwork, practical problem solving, working 
with clients and becoming an action-oriented professional ready to take a place in this same 
environment.

This latter model is an idealised organisation that is perceived by us to be flexible, and with 
potential to meet current needs as well as to adjust to those of tomorrow. This model will be 
discussed in more detail in the final section. This model is not only most appropriate for study 
of organic farming and food systems, but also relevant to more general application across the 
specialties of the post-modern university.

Key information resources
In the search for relevant information that will be most useful for understanding and designing 
new organic agricultural systems, instructors and students need to look beyond the traditional 
libraries, lectures and Internet resources explored in our universities. Much of the science that 
has been developed is available in these conventional locations, and a large part of what has 
been published is applicable to organic as well as conventional agricultural systems. However, a 
wider information resource exists that should be used for study of organic production systems 
in agriculture. As described above, much of the information in organic farming is available 
from farmers who have accumulated this expertise through years of practical experience, and 
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the adaptation of crops and practices to their specific locations and farming systems. Most of 
this is not available in libraries or on the Internet.

One method for acquiring this experience is to invite farmers to the university classroom. 
Along with pictures of their operations, farmers can present practices and systems and explain 
them together with descriptions of the farms where they are applied. This is a cost-effective 
way to capture the ideas and cumulative experiences of farmers and bring these to large groups 
of students on campus. We quickly learn from the presentations of farmers that their systems 
are location specific to the climate and weather, soils and topography and economic resources 
and goals of each farm family. This is in stark contrast to the conventional industrial paradigm 
of standardisation of practices, with chemical applications and other technologies to homoge-
nise the production environment. In organic farming, there is no ‘one size fits all’ set of prac-
tices that will optimise the situation for any individual farm family.

An even better approach to learning is to take students off campus to the farm and to the 
food industry. At these locations, the total experience of seeing, feeling, smelling, hearing, and 
tasting the flavour of the farm can be offered to the learners, at the same time as absorbing 
knowledge and even developing hands-on skills in the farm’s operation. When describing a 
rotation of crops or a stacked enterprise system of grazing, it is far more meaningful to be 
standing in the field or walking the pasture while hearing the farmer describe the system. Such 
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an environment encourages questions and stimulates discussion of the practices and systems, 
as well as opening issues far beyond the field boundaries. This is extremely difficult to re-
create in the classroom and is not possible without immersing students in some way in the 
field or in the community.

Farmers are often more than willing to share their farms and experiences in this way. The 
challenge for educators is to identify the resources needed to transport and sustain students in 
the field and to compensate farmers for their time, as well as to convince administrators that 
this type of education is worth the trouble and expense. This is far less efficient in terms of 
accumulated student credit hours that can be counted by the department and credited to a 
professor, compared to the large lecture environment. It is only when effective long-term 
learning is measured that the benefits of such a system can be fully appreciated.

One concern of educators in organic farming and sustainable agricultural systems is the 
availability of adequate textbooks, journal articles, and other resources for giving students the 
foundation needed for in-depth study, writing class papers and backstopping their field 
research with sufficient and relevant information. Much of the information resides in the ‘grey 
literature’ of conference proceedings, annual reports of non-profit or farmer organisations, 
and in the heads of farmers who are practicing these systems. One approach to collecting and 
making this alternative information available is to encourage authors to publish their experi-
ences. Our Sustainable Future is a book series from Nebraska Press that covers topics from soil 
organic matter (Magdoff 1992), to whole farm systems (Bender 1994), to regional concerns 
about natural resources (Opie 1990), to global concerns such as green plans (Johnson 1995) or 
the impacts of Chernobyl (Yaroshinskaya 1995). This active series continues to publish two to 
four projects each year.

Technical journals are also available in which articles from scientists cover topics related to 
sustainable agriculture and organic farming. Among these are the American Journal of Alter-
native Agriculture (begun in 1986, with the new title of Renewable Agriculture and Food 
Systems), Biological Agriculture and Horticulture (begun in 1982), Journal of Sustainable Agri-
culture (begun in 1990), International Journal of Agricultural Sustainability (begun in 2003), 
Agriculture, Ecosystems and Environment (begun in 1974) and Agricultural Systems (begun in 
1976). Proceedings of the biennial scientific congresses of the International Federation of 
Organic Agriculture Movements (IFOAM) publish conference presentations in all aspects of 
organic agriculture. Regular international journals in agricultural science occasionally carry 
scientific papers covering organic agriculture, particularly in plant and animal sciences. The 
social, political and economic aspects of organic agriculture and agrifood systems have been 
hotly discussed since about 1995 in journals such as Agriculture and Human Values, Socialia 
Ruralis and Rural Sociology.

Much of the most relevant information continues to appear in newsletters from non-profit 
research centres, annual reports of small projects working in organic agriculture, and bulletins 
from specialised organisations such as the Organic Farming Research Foundation. The Organic 
Eprints archive has been developed by DARCOF since 2002. A German language version of 
this much used service is supported by the Forschungsinstitut für biologischen Landbau 
(Research Institute of Organic Agriculture) in Switzerland (see also Chapter 15).

Future perspecti�es in designing educational programs
It would be presumptuous for anyone to believe that they could foresee the future and design 
learning programs that would be appropriate for unknown conditions and challenges. But just 
as it is proposed that students learn to develop their capacity for envisioning alternatives for 
the future, educators must put themselves to the same task in the design of future learning 
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landscapes. The following scenarios and fundamental components of learning systems are 
presented in the hope of stimulating discussion and encouraging others to ask the ‘what if ’ 
question with respect to possible learning approaches and their impacts on future graduates.

New models for experiential learning
Most of the thinking about future learning models is based on experience within the current 
system and university organisation. New courses have been suggested, curricula modified, and 
enrichment activities set up on the farm and in the community while clinging to the conven-
tional system of credit points, class schedules in well-defined semesters and a time expected 
from the start of study to graduation. This constrained thinking is probably a reasonable 
approach to selling the study of organic farming within the existing agricultural universities 
and faculties, because models that are too far removed from current reality would be seen as 
completely unacceptable. But in designing new models, should we not ask such questions as to 
how and why courses should be organised into semesters, when the growing cycles of crops 
and seasonal care of animals is more closely related to the annual climatic cycles in each place? 
Is it more effective to study three to five subjects simultaneously during each semester, or 
should we adopt a modular system of full time study of a series of topics that are arranged in 
logical sequence? Or are some topics such as a foreign language best learned with full-time 
immersion while others need time for reflection and practice between sessions and thus are 
best learned in the current system of courses? What is the relative weight that should be placed 
on basic humanities and sciences versus the practical study of real-world applications of this 
knowledge? Shall we, as natural scientists, take the research from pedagogy seriously and make 
explicit applications of this body of knowledge, or shall we continue to use our own working 
hypotheses and experience in course design? How do we build on the current knowledge and 
skills of each individual student as they enter the educational environment rather than setting 
up rigid requirements that all must complete – as if there were no individual differences in 
preparation? How do we organise ourselves and our teaching to optimise scarce resources, 
perhaps in a university structure similar to that shown in Figure 16.1? How do we assess success 
in learning? These are all questions we should ask if we are serious about designing structures 
that can promote experiential learning.

Just-in-time education
Should chemistry be taught in the first year of university? To begin the argument, most uni-
versity-level students today have already studied the elements of chemistry in at least one 
course in the secondary school, and therefore have a basic understanding of chemical reactions 
and the elements that make up the complex physical world. It is assumed that it is so important 
to keep building on this knowledge of chemistry, even though many students appear to not 
understand why such study is important. It has been observed at SLU in Sweden that many 
students delay taking the chemistry course until their final year, perhaps because only then 
can they appreciate its importance or because it is the final requirement for graduation. It is 
asked, why not build the relevance and an appropriate context for each subject such as chemis-
try so that students arriving to the class are highly motivated to learn, because they have 
already seen where this can be applied and realise that they need the knowledge about to be 
acquired? This could be called ‘just-in-time education’ and a more elaborate discussion is 
provided in Salomonsson et al. (2005).

Expanding the learning community and en�ironment
Many kinds of information are needed by students as they build their personal libraries of 
skills, facts and experiences. Some of these can be found in university classes and many come 
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from their activities outside the classroom. The fact that students do not find time to ade-
quately prepare for classes, to do a high quality job of writing their outside essays or to inte-
grate information from prior classes into the applications in a new context is often bemoaned 
by teachers. Perhaps there should be exploration of how to expand and extend the learning 
environment beyond the spatial walls of the classroom and the temporal walls of a specific 50-
minute lecture/discussion.

One step is to recognise that not all information, knowledge or wisdom is contained in the 
university library and faculty. Expanding the notion of faculty to include people with special 
talents or skills from farming, from government, from non-profit groups and from business 
could enrich our classroom or field trip learning environment, even when these people do not 
share our academic qualifications. The focus should be what people have to offer our students, 
and less on their degrees on the wall. Another question is how to effectively extend the struc-
tured or directed learning experience beyond the classroom walls and into the rest of the stu-
dent’s day and evening. How do we foment discussion and analysis of critical issues as students 
interact with peers, family and other instructors during the other 110 waking hours of the 
week when they are not in lectures? Can we plant compelling questions, or ask for results of an 
opinion survey, or otherwise extend the engagement with the material beyond our allotted 
time? These are challenges and questions that should be tackled with enthusiasm and creativ-
ity, recognising that students spend far more time with their friends and on outside jobs than 
they do with us in class.

De�eloping the learning landscape
The learning landscape includes the design of the learning environment within the university. 
If students perceive that subject X is the main topic for a lecture each Monday, Wednesday and 
Friday from 10:00 am to 10:50 am and has little relevance in their lives any other time of the 
week, they are unlikely to learn much about subject X no matter what we do in the lecture. If 
there are assignments outside of class and adequate rewards for completing them, challenges 
that can become a part of their regular conversations with peers, or applications of informa-
tion in their jobs or in other courses, there is more likelihood that students will internalise and 
apply the lessons rather than memorising a few facts just before the examination.

If the total learning environment can be designed so that subjects X, Y and Z in a given 
semester are complementary and interdependent, that a given broad assignment will receive 
credit in both classes Y and Z, or that integration of information from all three classes is essen-
tial in order for them to pass all of the classes, there will be greater incentive to embrace and 
assimilate the information and put it to use. If there is a relationship of subject Y to the part-
time job that keeps students in the university, there will be further incentive to use the knowl-
edge and skills gained in that subject. If subject Z can be related to a burning issue, such as a 
food scare, a coming election or a proposed city ordinance that will directly affect students, 
there is ample opportunity and motivation for conversation to continue outside the class and a 
chance to gather more information and opinions to enrich the learning experience. Our 
creative thinking can be used to implement these possibilities.

Integration of learning with local communities
The concepts of ‘service learning’ and ‘engaged universities’ have come into the educational 
lexicon in recent years. The possibility to volunteer with service organisations, to shadow 
potential employers or to contribute in numerous ways to the community can broaden the 
learning experience and give students contacts in the real world that could be useful later. In 
2003 an environmental art project in Lincoln, Nebraska, was initiated with secondary school 
students acting as teachers and resource people for elementary students: both groups found 
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the activity highly valuable, and two of the older students are now seriously considering 
teaching careers. Thus, we can tap into the people and resources of the local community to 
further the learning agenda, and can also find ways for students to contribute to the commu-
nity while learning with the experience.

Education and learning with farmers as teachers and as clients
Elevating the status of farmers, organic or conventional, to that of teachers can help to recog-
nise and reward their relevant experience, and the most articulate farmers can help design and 
guide a learning environment in agriculture. While they are interacting with students while 
being instructors, farmers can serve as sounding boards for questions and proposed solutions 
to improving the present situation as students formulate ideas and look for potential implica-
tions. Often a thoughtful farmer will be able to ask such questions as, ‘Have you thought about 
this angle? What will be the costs and benefits of this change? What will happen if conditions 
change? Do you think that this would help me meet my long-term goals for the farm?’ Putting 
farmers in this role helps to validate their experience, and give them more status in the eyes of 
the student who will soon have these same farmers as clients or cooperators (see Chapter 17).

Teachers’ contact with the world of agriculture
As recently as 25 years ago, most university and college instructors in agriculture had prior 
practical experience in owning or managing farms. They were comfortable with the context 
and the language, and often continued to control some land from their own families and work 
their way through the same decisions each year that were facing their farmer clients. This situ-
ation has changed drastically, as most newly hired professors in agriculture come from the city 
with little or no personal practical experience in farming, and today many have not lived in the 
rural landscape or small community. Such a change can make a tremendous difference in the 
way that instructors approach their classes and how they make use of outside resource persons 
to support their classes or organise study tours for their students. When they are not confident, 
themselves, in confronting the stakeholders, it is difficult or impossible to pass such confi-
dence on to students. Some type of experience is needed to provide at least a f lavour of the 
farm and rural community life to teachers, realising that people are busy and have many other 
obligations on their time.

Organisation of uni�ersities for effecti�e agriculture education
With much of the relevant information residing outside the library and the immediate campus 
community, it is valuable to think of how we can design a learning landscape and the incen-
tives for students to seek the most relevant information. Farmers in the classroom, short field 
tours to farms or summer travel courses such as the one described above in relation to the Agr-
oecosystems analysis course (AGRO 436/836) can all provide vehicles for putting students in 
touch with reality. The proposed future learning university (see Figure 16.2) provides ideas 
about how one could structure the physical plan and the multiplicity of activities that take 
place there and in the landscape and community to meet the broad and practical and educa-
tional goals.

Beyond farming systems and towards food systems
The goal of organic farming was always compatible with those of sustainable development. 
When organic farming was conceived as a concept and a practice, in the 1920s–1930s, our socie-
ties were still dominated by rural life and most people lived close to most of their food sources. 
The debate in agriculture at that time was therefore focused on farming practices, which were 
rapidly changing through the increasing use of mineral fertiliser and pesticides (Figure 16.3A).
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A new range of challenges has appeared on the agricultural scene. Important new areas are 
energy use, not only in farming practices but the energy used to transport food, often across 
continents; the whole issue of a fair trade with food, not only between developing and industr-
ialised countries but also between various industrialised countries competing in a globalised 
economy; other social justice issues and food safety and food ethics, including animal welfare 
(Figure 16.3B).

If ecological agriculture still has the ambition of having sustainable development as a goal, 
it needs to embrace all these new areas. It is therefore important that education in ecological 
agriculture takes on the wider food system dimension.

Conclusions
Based on the authors’ experience in teaching organic farming in several universities, and on 
the development of graduate courses and an MSc degree in agroecology in the Nordic region, 
there is much to learn about education in this emerging arena. Much of the past and current 
education and training has taken place in apprentice-type situations with farmers as teachers 
and young people as learners in a practical, hands-on learning environment. Some of this 
experience is being captured and joined with theory as courses are developed in organic agri-
culture in the universities. This is a process not easily followed in most universities, since there 
is much doubt about the importance of organic methods and systems in the agricultural 
mainstream.

Along with specific methods for plant protection and maintaining soil fertility, the authors 
are using experiential learning methods for the study of organic farming. Accepting farmers 
and others from the food industry as experts who have valuable information for students both 
in the classroom and the field, the concept of ‘faculty’ is thus expanded. In a time of restricted 
budgets, it is a challenge to reimburse these people for their time and to mobilise students off 
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Figure 16.3 Changes in the focus of farming systems management from (A) the 1920s to the 
1930s to (B) the situation today. 
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the campus to other sites in the learning landscape. These learning methods are incorporated 
into new courses as well as emerging sections of a future curriculum in agroecology and sus-
tainable agriculture.

Other dimensions of future learning approaches for organic farming include just-in-time 
education, the scheduling of courses and activities that are sequenced in the program for times 
when students are prepared and recognise the need for each subject. Learning off-campus in 
projects that deal with real-world situations gives students confidence in their ability to handle 
complexity and change, both characteristics of the farming and food sector. Finally, it is concep-
tualised how a future active learning university might be structured to support all these innova-
tions. There needs to be a careful examination of disciplines and departments, campus and 
off-campus facilities and mobility of students, and how to catalyse the active learning process.

In this Chapter, our description of current activities in education in organic farming has 
moved well beyond a listing of topics and courses offered by our universities in the Nordic 
region and the USA. It is essential to confront the educational system and ask if it is set up opti-
mally to prepare students for work in the farming and food systems of the future. Some struc-
tural changes are needed in how to organise courses, curricula and universities and how to 
think about education. Organic agriculture and agroecology, as addressed by small groups of 
educators in agriculture, provide one example of how these changes could be achieved in the 
university as part of a broader learning landscape.
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Introduction
Organic farming and food systems continue to grow throughout the world, stimulated in part 
by increasing consumer concerns about food safety and security. Although the rapid growth of 
the 1990s has slowed, there is an emerging awareness of multiple values such as protection of 
environmental quality and enhancing local identity (Hubert et al. 2000). Dabbert et al. (2004) 
report that organic food now represents from 1% (Sweden, France) to as much as 3% (Austria, 
Denmark) of retail food sales. Sales continue to grow at 10% to 30% per year. The growing 
importance of organics in the food system is rapidly attracting the attention of multinational 
food companies that are moving into this lucrative business (Buck et al. 1997).

Organic agriculture was initiated as a social movement in which both farmers and con-
sumers had an active role. Later, increasing concerns about the environment resulted in the 
growth of organic agriculture. Today in the European Union (EU) and United States of 
America (USA), official organic regulations shape organic farming practices. Organic farming 
is also strongly influenced by conventional agriculture and by society at large. For instance, 
food scares may rapidly increase the demand for organic products. Yet the multiple mecha-
nisms that affect product quality are complex and interactive, and it is difficult to isolate 
simple indicators in food systems. Publicity about single events (e.g. the McLeod [2004] study 
that found more toxins in organic baby foods than in corresponding conventional ones) can 
cause drastic trends or reactions in the marketplace. Consumer preferences and other societal 
factors may rapidly bring new challenges for organic agriculture, such as the present introduc-
tion of genetically modified organism (GMO) varieties in conventional agriculture that cannot 
be contained due to pollen drift and product mixing. Education and training should help 
organic farmers to find flexible methods to deal with rapid changes in crop choice and to 
understand how production practices affect product quality.

Only limited attention has been given by the private agricultural adviser system, the federal 
farmer support system, or the public Cooperative Extension System (USA) to farmers seeking 
information on organic farming. There are national and EU support funds available for the con-
version from conventional to organic production systems, but there is still limited infrastructure 
in place to provide relevant information for farmers. In this void, the organic farmer organisa-
tions and certification groups have provided assistance in education and training. However, 
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much of what is available is quickly assembled and has little basis in adult education and learning 
theories. An example is the program for organic farmers in Nebraska Cooperative Extension 
(Francis et al. 2004), with information developed almost entirely from empirical experience.

In general, organic farmers’ educational needs differ substantially from those of conventional 
farmers. This is because of the special characteristics of organic agriculture, its activist origin as 
a social movement and recent rapid development, and its complexity, diversity and location spe-
cificity of production systems. Therefore, organic farming is considered to be a knowledge-inten-
sive endeavour rather than a traditional way of farming. Although there are some similar 
questions and problems for both conventional and organic farmers, organic farmers face partic-
ular challenges that require specific information and specially designed education and training.

In this Chapter the unique characteristics and challenges of organic agriculture are explored 
and discussed. These challenges need to be understood for developing both the content and 
methods of efficient education for organic farmers (Seppänen 2002). Three different perspec-
tives for learning are presented: knowledge acquisition, participation and knowledge creation 
(Hakkarainen et al. 2004), and related to farmer training in organic agriculture. Concrete 
examples from planning and conducting networks and educational programs and using 
learning tools are presented. Some elements of these case examples are discussed in the context 
of the three learning perspectives. The application of this theory enables reflection, assessment 
and improvement of the quality of our educational methods and strategies. The knowledge-
creation perspective seems especially important for organic farming. This Chapter ends with a 
general discussion and conclusion about farmer education and training in organic agriculture.

Characteristics and challenges of organic farming

Acti�ism and dynamic change
Organic agriculture developed as a social movement based on and involving joint efforts by 
many different interests: farmers, consumers and traders, as well as scientists and ordinary 
citizens (Michelsen 2001a). The first underpinning principles (Woodward and Vogtmann 
2004) were:

1 the concept of a farm as a living organism, tending toward a closed system but responsive 
and adapted to its own environment;

2 the concept of soil fertility through a living soil that has the capacity to influence and 
transmit health through the food chain to plants, animals and humans; and

3 the notion of a whole system with a dynamic interplay among its parts and within its 
environment.

Organic agriculture advocates and practitioners showed a strong desire to change some parts of 
conventional agriculture, and thus they were considered to be critical of certain elements of 
mainstream agriculture (Michelsen 2001a). Although organic agriculture is now being institu-
tionalised as part of agricultural policies and regulated by national and international legislation, 
many scholars see that organic agriculture still maintains its own value-based, movement kind of 
activism (Goodman 1999, Vos 2000, Kirschenmann 2000). Michelsen (2001b) studied the 
organic movement’s desire for self-regulation and its possibilities in the regulated context of the 
EU. The activist character of organic agriculture is reflected in the social relationships organic 
farmers have with extension specialists, inspectors, researchers and consumers (Michelsen 2001b, 
Seppänen 2004). This has important implications for training and education.

Together with institutionalisation during the 1990s, environmental concerns have increased 
in significance in organic agriculture and changed its character, especially in the EU. In 
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Finland, for example, society at the national level emphasises environmental aspects of agri-
culture in conventional as well as organic systems. This is true of the EU countries in general, 
where subsidies promote environmental awareness and compliance with resource-conserving 
practices, and conventional agriculture has adopted many environmentally friendly practices. 
In some ways, organic farming has served as an example in this process. There has been a sub-
stantial influence of organic farming methods on the mainstream of agriculture, though it has 
not been able to quantify this observation. The early organic principles just cited and the later 
environmental aspects are important societal motives of organic agriculture (Seppänen 2004). 
They show that organic farming is dynamically changing in time, and this change needs to be 
considered in farmer education.

There is often a considerable overlap between what is written about organic production 
and programs of research and education in sustainable agriculture (Edwards et al. 1990, 
Francis et al. 1990, Hatfield and Karlen 1994). Similar philosophy is shared by those writing 
about and teaching agroecology (Altieri 1995, Gliessman 1998, Lieblein et al. 1999). A broader 
and more inclusive agenda for research and education is emerging with the definition of agro-
ecology as the ecology of food systems (Francis et al. 2003). In this Chapter it is recognised 
explicitly that just because a system is organic, it is not necessarily sustainable, and therefore 
environmental aspects and sustainability issues should be taken up in training of organic 
farmers. Organic farmers also need to relate closely with processors and marketers, and under-
stand intimately the desires of consumers – especially if one goal is direct marketing.

Di�ersity and location specificity
Compared to conventional agriculture, organic farms are more diverse enterprises, often have 
integration of crops and animal enterprises, depend more on non-chemical inputs and careful 
use of internal and renewable resources and market through niche channels. There is a com-
plexity in managing organic crop/animal systems that requires more information and skills. 
For example, a farmer with a typical maize–soybean rotation in Nebraska requires knowledge 
about two crops, each planted in monoculture in a given year. In contrast, an organic farmer 
must plan a longer-term rotation that may involve not only a cereal–legume sequence but also 
summer crops rotated with winter crops and annuals in rotation with perennials. The latter 
systems likely include rotation of annual cereals with several years of mixed swards of pastures. 
A well-designed organic system may include a complex combination of different crops in strips 
through the fields, relay plantings or other mixtures of species, close interactions with border 
areas left in native vegetation and annual/perennial agroforestry patterns.

The creation of multiple managed biotopes within an organic field and the immediate 
proximity presents a complexity in management decisions that is vastly unlike conventional 
systems. Due to the requirement for crop rotation, intensive biological soil management, and 
access of livestock to outside areas, organic farms are by definition more complex, thus decision 
making on farming and marketing practices is more difficult. Compared to conventional agri-
culture, farming decisions and activities in the organic system involve many more factors, and 
because of their complexity, the decision making process may appear less linear and seemingly 
less rational than what is followed by conventional farmers. The brief list of questions below 
that are high priority for a farmer planning for the coming cropping season illustrate the dif-
ferent levels of complexity in conventional and organic systems (Table 17.1).

Design of an educational program for each group of clients will be different. For the con-
ventional farmers, a list of products and prices plus the latest experimental results on their 
efficacy will often suffice. Although some questions on specific products and information 
from other growers could be useful, there is minimal need for discussion or processing infor-
mation, and much of the same information could be gleaned from a publication or website. In 
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contrast, the organic clients often learn through interactive discussions with networks of 
farmers and researchers, place high value on the social capital of the group and have to make 
complex decisions based on these interactions. They require all the same information as con-
ventional farmers on seed varieties and potential cultural practices (minus the chemicals), but 
must apply this knowledge and use their skills to manage a highly diverse biological system in 
which they are continually adjusting to changes in weather and conditions of the crops. 
Although the general goals of organic farmers may remain constant through the season and 
across years, the adaptive methods of reaching these goals may be in constant revision and 
adaptation to current realities.

Farmers using organic and sustainable farming strategies most often strive to maximise 
the specific adaptation of cultivars, practices and systems to fit the unique niches in each field 
and even subareas of fields. This is another type of site-specific management, dependent on 
observations and critical thinking skills of the farmer as well as information gathered from 
other organic farmers in similar situations. Diversity and location specificity make organic 
agriculture knowledge intensive. In the following section we turn to three perspectives of 
learning which are used as bases for studying and developing knowledge-intensive activities.

Perspecti�es for learning
Sfard (1998) originally described knowledge acquisition and participation as different meta-
phors for learning. More recently, Hakkarainen et al. (2004) examine three basic perspectives 
on, or approaches to, learning:

1 knowledge acquisition;
2 participation; and
3 knowledge-creation.

These three perspectives provide a conceptual framework for learning that may guide us in 
improving the quality of training and education. These three perspectives are used and 
modified for the purpose of farmer training in organic agriculture.

The acquisition perspective understands learning as a process of transmitting knowledge 
to an individual learner. An individual student’s mind is seen as a container, and learning is a 
process that fills the empty vessel with knowledge. The traditional form of agricultural exten-

Table 17.1 Comparison of questions asked by conventional farmers with two crop species and 
organic farmers with biodiverse crop–animal systems

Typical question Con�entional farm Organic farm

Which crop cultivars to 
plant?

What are the highest yield 
maize and soybean cultivars 
under optimum conditions?

Which cultivars of ten crop species 
produce the most sustainable yields 
of quality products for sale?

What planting system 
should I use?

Can I maintain current row 
width, optimum dates of 
sowing for maximum yield?

How do many crops fit together in 
the field and optimise labour use? 

What soil fertility 
program should I 
follow this year?

Where can I locate the 
cheapest form and source of 
N, P, K and starter fertiliser?

How can I design long-term 
rotations to include legumes, 
compost, cereals, and pasture?

What plant protection 
methods should I use?

What are the latest GMO 
cultivars and cheapest sources 
of chemicals?

Can I design an integrated pest 
management strategy using 
biodiversity of field and 
surroundings?
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sion, a transfer of technology (TOT) model, is one illustration of this perspective. It assumes 
pre-given knowledge structures that the learner is instructed to assimilate.

An alternative perspective is participation, a process that emphasises the role of social com-
munities. Learning is viewed as participation within the context of shared activities. Through 
participation, people learn to become full members of a community, and simultaneously 
develop and reshape their identities. Knowledge, according to this view, does not exist as such 
in the world or only in the individual’s mind; rather it is one dimension of participation in a 
culture in different ways (Hakkarainen et al. 2004).

Although both of the previous perspectives may include certain innovative elements, 
neither of them focuses on the creation and development of knowledge. Therefore, Hakkara-
inen et al. (2004) introduce the perspective of knowledge creation. Its aim is both to create new 
knowledge and to develop corresponding social practices. In this process, the existing knowl-
edge is essentially enriched or shaped (as summarised in Table 17.2).

Hakkarainen et al. (2004) see that all three perspectives are necessary for understanding 
learning and the authors think all three can be used in designing education. Each has strengths 
and weaknesses. Knowledge acquisition is most often applied in agricultural extension and 
education, and many conventional extension programs in Nebraska are very much like class-
room lectures, including the PowerPoint© presentations. Most field tours are actually lectures 
in the field. In organic agriculture education and training, this approach can help build our 
farmers’ knowledge base. Information may include basic ecological principles of nutrient min-
eralisation, adaptation of varieties, appropriate pest management for organic systems or details 
on new regulations and requirements.

As the review in this Chapter of characteristics and challenges in organic farming suggests, 
the acquisition of ready-made knowledge is likely to be insufficient for learning organic agri-
culture. The participation perspective has importance in organic farming in terms of activism, 
which means that organic farmers often have a need to take part in different communities and 
networks that support this way of farming. The participation perspective views a workshop or 
a training session as an opportunity for building social communities and cultural identities. 
This implies that it is often good to cooperate with farmers in planning education and training. 
Participation perspective is also involved in hands-on training such as on-farm trials or other 
types of material experimentation.

Organic farms often require diverse and appropriate solutions that are location specific, 
and organic agriculture needs to face many challenges in a dynamic way. Therefore, the authors 
suggest that knowledge creation is a necessary perspective for learning in organic agriculture. 
The knowledge-creation paradigm requires that there are deliberate efforts to extend current 
knowledge. Theoretical and generalised knowledge of researchers and extension workers can 

Table 17.2 Three perspectives of learning (after Hakkarainen et al. 2004)

Knowledge 
acquisition

Participation Knowledge creation

Main focus Adoption of subject-
matter knowledge

Participation in social 
communities, 
enculturation

Methods and practices of 
knowledge formation, 
discovery and innovation

Theoretical 
foundations

Didactic theories and 
theories of knowledge 
structures

Situated and distributed 
cognition, some 
sociocultural theories

Activity theory, knowledge 
creating organisations and 
knowledge-building theory

Unit of 
analysis

Individuals Communities, networks, 
cultures

Activity systems, networks, 
knowledge building 
communities

010602•Organic Agriculture 3pp.i411   411 30/4/06   4:45:33 PM



Organic agriculture: a global perspective412

be used together with the local experience about each field and farm supplied by farmers for 
collectively finding relevant solutions, which in turn can be tested and further developed on 
other fields and farm. Farmers are learning in order to apply the information in their own 
practical work. Therefore, it is useful to start from the questions and challenges farmers face in 
their activities, which forms a good ground for knowledge creation. It is important to pay 
attention to farmers and their needs, and to create suitable learning tools in training (Seppänen 
2002). These can be tables, figures, measurement devices and hands-on activities, and often 
many of them are needed. Visions or models or other types of presentations of the state-of-the-
art practices, or activities that help farmers to articulate their desired goals, can facilitate the 
knowledge-creation process. Explicit goals are among the most important parts of designing 
farming systems, yet one of the most difficult to articulate (Savory 1999). A case example that 
applies such a visionary tool is included [see Using a learning tool in organic vegetable farming 
(Finland)]. Tools can also be words and concepts that help us better understand different phe-
nomena. It is essential to focus on the knowledge-creation process itself rather than to focus 
only on the end results. Networks that illustrate the principles of dispersed leadership and 
empowerment of groups can be used to enhance both participation and knowledge creation.

The three perspectives have different roles in designing farmer education. Knowledge 
acquisition is necessary for complementing the knowledge base. With participation, learning 
may be seen as a process in which new organic farmers gradually become full members of the 
organic agriculture community (Lave and Wenger 1991). Organic farming is a dynamic activity 
that is continuously evolving; perhaps the biggest challenge in organic agriculture is not only 
learning about the existing techniques and practices but also learning how to develop them 
further by reshaping them or creating new ones. This can be achieved through knowledge 
creation. Farmers’ efforts in developing new practices and techniques are an important 
resource for organic agriculture. Networking and involving various participants is important 
in knowledge creation.

Using a learning tool in organic �egetable farming (Finland)
In a recent activity-theoretical study, a framework (Figure 17.1) was created for understanding 
and analysing the learning challenges in Finnish organic vegetable farming. Activity theory is 
a theoretical approach that originates from psychology that emphasises the mediated, collec-
tive and evolving nature of human activities (see Engeström 1987, Chaicklin et al. 1999).The 
development of the framework has been documented and discussed elsewhere (Seppänen 
2002, Seppänen 2004). It is described here how the learning tool was used in an educational 
workshop for organic vegetable farmers.

The framework (Figure 17.1) serves for visualising and categorising farmers’ choices in 
farming practices, illustrating organic farming in an evolutionary and developmental way. A 
specific crop, or system, or activity on a farm can be charted at one point on the horizontal 
axis (use of natural resources). Farmers can compare their practices with those of other farmers 
on this visual chart, using this learning tool to evaluate their own practices and meanings.

On the vertical axis, the tool suggests that farming practices somehow link the farm with 
other stakeholders in the rest of society. For instance, buying commercial organic inputs links 
the farm with business enterprises, while fodder–manure exchange makes a linkage with other 
farms. Similarly, different choices in farming practices and ways of farming may imply contacts 
with different information resources.

The learning tool was used in farmer education in 1999–2000, in workshops organised by a 
regional rural advisory centre. As an example, one session with 14 farmers is described from 
notes taken after the workshops and materials used in education. The theme was the different 
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solutions that farmers have for designing their production and marketing operations so they will 
fit together efficiently. The main features of five organic vegetable farms were presented: short 
histories, acreage and field types, different crops, machinery, crop rotations, marketing channels 
and labour force. There were large and small, intensive and extensive farms, some selling to local 
markets with a broad repertoire of products and some having only two or three products for 
national wholesale markets. Participants were asked to place the five case study farms into appro-
priate quadrants of the model. The farms with intensive crop rotations raised a lot of discussion. 
While placing the farm in the model, participants also reinterpreted it and renamed the axes. 
The new tool with the five farms placed in the quadrants is shown in Figure 17.2.

What meaning did the participants derive from the model? The resource use dimension 
was best understood in terms of land use, which was observable in the crop rotations on each 
farm. Intensive rotations extract more in products sold to markets, while extensive crop 
 rotations favour soil fertility, anticipatory handling of pests, and less nutrient leaching, which 
is the main environmental problem of Finnish agriculture. Extensive rotations are less risky 

Short-term and 
intensive use of 

resources

Ecological and 
sustained use 
of resources

Independence and
self-sufficiency

Societal
integration

Figure 17.1 A framework and a potential learning tool for reflection in Finnish organic vegetable 
farming.

Farmers’ cooperation in marketing

Intensive
crop
rotation

Extensive
crop
rotation

Independence, perhaps
even selfishness?

Farm 4, 
now

Farm 4, 
goal 

Farm 1? 

Farm 1?Farm 5

Farm 2 
Farm 3 

Figure 17.2 The learning tool interpreted and applied by the workshop participants.
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but are also less profitable. The participants generally agreed on the importance of going 
towards ecological practices, but there were different opinions about which crop rotations 
should be categorised as intensive or extensive in the framework (Figure 17.2).

Additionally, the social or vertical dimension was mostly understood as farmer cooperation 
in marketing. Farms placed in the lower half had farmers unwilling to cooperate with other 
farmers in marketing their produce. Although Farm 1 was considered ecologically sound, there 
was some uncertainty regarding whether it belonged in the upper or lower quadrant on the right 
side of the model because several farmer-participants felt this farmer ‘only listened to himself’.

Before the workshops, our impression was that orientation to customers would be an essen-
tial learning challenge for organic vegetable farmers. In contrast, the group brought forth rela-
tionships with other farmers in marketing and participation in farmers’ marketing cooperatives 
as the key issues. The main challenge for this group was not customer orientation, but forming 
a unified group of organic vegetable farmers to work together on negotiations with customers, 
especially with the big wholesale markets. This indicated a desire to strengthen the commu-
nity of organic vegetable farmers.

From our perspective today, the workshops were successful in illustrating and integrating 
several factors that are most often discussed in isolation, such as how natural resource use may 
be linked with farmers’ social relations. It was important to discuss together the heterogeneity 
of crop rotations. In organic vegetable farming in Finland and probably also elsewhere, farmers 
do have a choice for intensifying their production and this option, together with the more 
diversity-supporting practices, should be considered and discussed in farmer training. Vision-
ary learning tools may help farmers critically reflect and evaluate on different alternatives.

The case study farms were essential to make the tool understandable. The model was open 
and abstract enough so that the farmers could modify and use it for their own purposes. Still 
it was not totally the farmers’ construction because the form and general dimensions were 
given. Use of the tool serves as an example of knowledge creation (Hakkarainen et al. 2004). 
The researcher’s abstract model, concrete examples of case study farms and the needs of the 
participating farmers together produced new knowledge. However, whether this use of a 
learning tool as knowledge creation led to transformations in on-farm practices or in farmers’ 
networking remains an open question. Knowledge-creation processes often require lengthy 
time periods. Not only farming practices but also farmers’ social relations are often reshaped 
in knowledge-creation processes.

Networking in organising educational acti�ities (Norway, USA)
There is a wide range of examples of how networking has been achieved by farmers, with and 
without the participation of government agencies and private advisers. Although not all dedi-
cated to organic farms and farmers, these networks are descried as examples of how farmer-
generated ideas have reached wide audiences in several places in the world.

Farmer �ariety testing circles in Norway
Since early in the history of plant improvement at the Agricultural University of Norway 
(NLH), there have been farmer circles in cereal-producing regions that took on responsibility 
for the final testing of new cultivars under commercial conditions. Often advised by the public 
sector plant breeders or by members who were themselves crop consultants, these circles 
increased seed and planted modest-sized commercial fields of promising new varieties. Prima-
rily for their own benefit, but also for other cereal growers throughout the country, these 
farmers reported their results based on highly practical tests under the conditions of their 
current farming systems. This system continues today as a highly effective, grassroots method 
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of on-farm testing of the value of new cereal cultivars. Some of these farmers use organic prac-
tices, and it is a valuable example of participatory networks in agriculture.

Practical Farmers of Iowa (PFI)
Founded in the mid-1980s, this farmer-organised group in the midwest of the USA has been 
highly effective in testing new technologies on the farm, bringing focus to innovative market-
ing systems and local food sales, and lobbying successfully for funding to initiate a high-profile 
sustainable agriculture centre at Iowa State University. Their long, replicated, drive-through 
plot designs have become widely accepted by farmer groups across the USA. This field testing 
method brings statistical credibility to on-farm research results. The most frequent experi-
ments conducted by PFI have involved different levels of nitrogen fertiliser, use of starter ferti-
liser, methods of ridge tillage, alternative weed management options and long-term crop 
rotations. They have used multiple farm sites for the same experiment to add validity to the 
results. With widely publicised field days, a first-class newsletter, and recently initiated chil-
dren’s summer activity programs, the PFI has made a substantial and lasting contribution to 
the future of family farms in Iowa. Methods are described by Rzewnicki et al. (1988).

Nebraska on-farm fertiliser experiments
A project in the late 1980s financed by the state Department of Energy stimulated the authors to 
evaluate different nitrogen rates on cereals in continuous cultivation versus cereals following a 
legume. Farmers identified by county Extension Educators sat down with the project technician 
to decide on fertiliser rates and field plot design. Often treatments were based on the farmer’s 
current fertility practices, plus additional rates that were 50 kg ha–1 above and 50 kg ha–1 below 
the current rate. The technician collected information during the growth of the crop, while the 
farmers generally conducted the harvest in close collaboration with project staff. As expected, 
there was much less response to applied fertiliser nitrogen in the rotation treatments, and at 
least a 50 kg ha–1 reduction in the recommendations for the next year’s maize or sorghum crop. 
In some cases no additional nitrogen was recommended, a logical outcome of interest to organic 
farmers. One unique feature was the reporting of results to farmer groups in each county, where 
the results were analysed and then presented to the farmers at a meeting with no recommenda-
tions or conclusions. The farmers were asked to interpret the data and yield results, coming up 
with their own decisions for fertiliser application in future years. The technician, a soils special-
ist from the university, would eagerly answer questions about mechanisms or details of the 
trials when asked, but let the farmers carry the agenda through the recommendations and con-
clusions from the experiments (Franzluebbers et al. 1991, 1994).

Watershed-le�el planning in the midwest of the USA
A four-year grant from the federal Sustainable Agriculture Research and Education (SARE) 
program allowed the University of Nebraska and collaborators to plan and implement training 
from 1993 to 1997 across the North Central Region of the USA. Each workshop was planned 
and topics chosen by an interdisciplinary team of extension specialists in close consultation 
with the local educators and non-profit farmer and research groups in states where the 
workshop would be held. An attempt to make the learning methods systemic for future work-
shops included these steps:

•	 multiple agencies and groups worked together to plan the events;
•	 farmers were key participants in choosing topics and presenting tours;
•	 integration of topics was achieved by introductions and segues between topics; and
•	 continuous evaluation was used to assess learning and adjust the program.
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Results of the first year’s workshops were published in the Journal of Sustainable Agriculture 
(Francis and Carter 2001), and titles of the four workshops are indicative of the increasing 
spatial level of scale for each succeeding workshop:

•	 1994: Everyone a Teacher, Everyone a Learner;
•	 1995: Shared Leadership, Shared Responsibility;
•	 1996: Linking People, Purpose, and Place: an Ecological Approach to Agriculture; and
•	 1997: Facing a Watershed: Managing Profitable and Sustainable Landscapes in the 21st 

Century.

These extension workshops helped to set in motion the sustainable agriculture training 
programs in our individual states. The methods used were participatory and hands-on in the 
field where possible. Discussion and active learning was strongly encouraged throughout the 
programs. Groups in the host states that had previously not known each other found common 
ground and began to plan cooperative education programs. These were emergent properties, 
or unexpected successes, that were realised as a result of the SARE workshops in the USA. 
Many of the participants were exposed for the first time to successful organic farming opera-
tions during the workshops.

These practical examples of farmer education programs in the Nordic countries and the 
USA are all characterised by a high level of farmer participation, and by shifting ownership 
and decision making in the program to the farmer members of each group. Although they are 
not exclusively organic programs, they represent many examples of participatory networks, 
and these serve to illustrate the principles of dispersed leadership and empowerment of 
groups.

Discussion and conclusions
Organic production systems are complex out of necessity, since soil fertility and plant protec-
tion are provided by applying the principles of ecology and lessons from natural ecosystems. It 
is this complexity, in part, that makes the need for unique education and training opportuni-
ties so important for organic farmers. In addition, the lack of institutional support with infor-
mation from universities and government agencies in most countries makes this a valuable 
area to explore and for which to seek appropriate educational options.

Based on the case studies described in Finland, Norway and the USA, the authors conclude 
that building networks of multiple agencies and groups, enhancing participation and using a 
variety of learning tools for discussion and reflection appear to be important strategies for 
organic farmers’ training. These strategies will also provide potential for knowledge creation.

The participatory form of planning seems particularly appropriate for education and 
training for organic farmers, since there is a need to generate new knowledge by combining the 
experiences of farmers with the science developed by formal research projects. The power of 
such synergies has been described and illustrated by programs in several countries. The idea of 
combining theory with practice for knowledge advancement is being implemented through 
cooperative on-farm research activities, such as the cases in Iowa and Nebraska, USA. What 
the authors conclude from long experience with farmers and examining their information 
needs in organic farming, is that site and farm specificity is a large issue, and the homogenised 
types of practices being promoted in conventional agriculture are not appropriate for sustain-
able systems using organic techniques.

Based on experience, the authors see that current education and training for organic 
farmers is primarily focused on those scale-specific technologies that are appropriate to 
medium and small farms. However, industrial-sized organic farms also exist, especially in the 
USA, and choices of farming practices that are appropriate for these large-scale and intensive/
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industrial farms are also available. Therefore, education and training should enhance farmers’ 
critical reflection of alternative choices in terms of crop rotations and the diversity of farm 
operations. The complications and potentials of integrated crop–animal systems are cited by 
many organic farmers as both the basic foundation of designing an organic system, and one of 
the complicating factors in finding the optimum combination of enterprises and design for 
systems. In some cases there is a cropping practice by system interaction, and in many cases 
there is not. Therefore, education and training can help organic farmers be both open and 
critical to agricultural innovations.

Three perspectives of learning are described that help explain the basis of learning in the 
dynamic and knowledge-intensive domain of organic agriculture. Case studies from farmer 
workshops and educational programs were presented to trace elements that enhance participa-
tion and knowledge creation. Participation perspective views education of organic farmers as a 
way of enhancing the organic community. As the case with Finnish organic vegetable farmers 
suggests, the community-building aspect is important and should be considered in organic 
farmer education. Participatory learning is also involved in networking and in shifting owner-
ship to various constituent groups, including farmers, in planning educational programs and 
workshops. Knowledge acquisition is most obvious through lectures and tours where subject 
matter knowledge is given, and has benefits in some situations. All these learning perspectives 
are ways of understanding learning rather than just applying ready-made educational strate-
gies. Knowledge acquisition can also be integrated into participatory, interactive and creative 
educational activities.

Knowledge creation through interaction and combining experience with science around 
specific case situations is seen as the most powerful of the learning perspectives. It requires 
certain openness for new conclusions and recommendations to emerge, as in the case of 
farmers interpreting nitrogen rate figures in Nebraska, or Finnish farmers interpreting the 
visionary framework. According to Edvin Østergaard (1998), ‘organic agriculture can be 
viewed as a workshop of ideas for the development of new knowledge and perspectives’, and 
despite the increasingly standardised and regulated character of organic farming, education 
and training can offer space and resources for this knowledge creation (see Seppänen and 
Helenius 2004).

In the design of education and training for farmers, the authors do not suggest that the 
methods and perspectives described here are only for organic producers. They are good for the 
design of all education and training programs, but the need is greatest where systems and com-
ponents are complex, and there are implications of the results and their application both on 
the farm and in the larger organic market and community of farmers.

It is essential that universities, ministries of agriculture, and other organisations serving 
farmer clients begin to show greater interest in education and training for organic farmers. 
Organisations have an important role in systematically collecting, testing and further develop-
ing the knowledge created in farmer workshops and networks. The interest for organic farming 
should start in the classroom, and the Nordic Regional Agroecology Programme illustrates 
how organic farming can be incorporated into graduate education (see Chapter 16). Organic 
farming education for students and for farmers is also essential or fundamental to the Finnish 
programs in Mikkeli and in Helsinki. Organic farming and food products are an important 
and growing part of the food system in many countries, especially in Europe; therefore, it is 
essential to accelerate our interest and attention to developing new education programs.
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Chapter 18

Organic agriculture: opportunities and challenges
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The tradition in agriculture has been to maximize production and minimize the 
cost of food with little regard to impacts on the environment and the services it 
provides to society. As the world enters an era in which global food production is 
likely to double, it is critical that agricultural practices be modified to minimize 
environmental impacts even though many such practices are likely to increase the 
costs of production. (Tilman 1999)

Introduction
The organic movement may have gained a place in the spotlight of the mainstream media now, 
but it has not been like that for long. Since the 1950s, organic farmers operating at a grass roots 
level have devised, tested and shared production methods. They have codified a set of ideals 
into a pioneering best practice agricultural management system that addresses multiple com-
munity values. Niche markets have gradually been created, commonly based on trust and 
goodwill (formal certification did not begin until the 1960s and 1970s), and often using novel 
direct marketing strategies such as box schemes and community supported agriculture. After 
many years of consumers having to hunt around for their organic produce from several suppli-
ers, perhaps directly from the farmer, the task is now a lot easier with specialist food shops and 
organic shelf space in supermarkets, in the industrialised world at least. Global links have been 
forged in all continents as organic agriculture has been seen to be an effective rural develop-
ment option.

Although the movement is still regarded with some scepticism (e.g. Trewavas 2001, Kirch-
mann and Ryan 2004, Trewavas 2004), the concept of organic farming has strong marketing 
appeal, growth forecasts are almost all positive and it has been suggested that the ‘movement’ 
is now an ‘industry’ (Cornish and Stewart 2002). Organic agriculture is one of the fastest 
growing agribusiness sectors in the world, with double-digit annual growth in land under 
organic cultivation, value of organic produce and number of organic farmers. There are about 
26 million hectares of organic farmland currently and the global market value of organic goods 
in 2003 was US$25 billion per year (Willer and Yussefi 2005, see also Chapter 10), about 2% of 
the US$1.3 trillion per year in global agricultural production (Wood et al. 2001). Furthermore, 
each year brings new peer-reviewed research showing the strengths and weaknesses of organic 
agriculture (see Chapter 15), a sign of growing interest by academics and funding bodies.
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Despite the generally positive outlook, the organic movement faces several hurdles as it 
expands internationally. A recent review of organic farming listed several challenges facing 
organic agriculture (Halberg et al. 2005a) including:

•	 ecological justice;
•	 animal welfare;
•	 fair trade;
•	 supply chain development;
•	 productivity limitations; and
•	 regional adaptation and global harmonisation for standards.

Many of these can be seen through one lens, the need to remain dynamic. New issues and 
changed circumstances require on-going adaptation by the organic movement. To embrace 
these wider concerns, the organic movement needs to maintain flexibility in the regulations 
and the processes used to implement the regulations. As additional client countries and novel 
products apply for organic certification, new processes and production guidelines will be 
required in many cases (Woodward and Vogtmann 2004, Köpke 2005). After a period of 
expansion since the 1980s, a stage may have been reached where the organic movement is being 
confronted by limits in its ability to initiate change without itself changing (see Chapter 9). 
This tension has become explicit in the corporatisation of organic agriculture (Ikerd 1999, 
Guthman 2000, Sligh and Christman 2003, see also Special topic 3 for further discussion).

The need for adaptability is increased by global marketing chains and electronic media that 
can now provide fast transfer of products and ideas. New commodities are continually being 
developed by producers and embraced by consumers. Even food scares can alter buying 
patterns very rapidly. In this dynamic marketing environment, organic agriculture is being 
moulded by socioeconomic factors well beyond its control (see Chapter 17).

But the process of reviewing and reflection within the organic movement is not new. The 
movement has continually transformed itself as it has grown and matured in Europe from the 
1920s to the establishment of international groups, such as the International Federation of 
Organic Agriculture Movements (IFOAM) in the 1970s, and the export of organic farming 
beyond Europe has seen organic groups around the world create locally adapted networks and 
solutions to certification, production and supply problems (Reed 2003, see Chapter 1). Along 
with new territory, organic production has captured new industries, necessitating the develop-
ment and integration of completely new standards for forestry, aquaculture and textiles 
(IFOAM 2005). Another challenge is the controversial role of contamination by genetically 
modified organisms (GMO). However, despite strong opposition to GMOs throughout the 
movement, senior members of the organic movement are beginning to look at the suitability of 
zero tolerance (Clay 2003).

Without robust and comprehensive social and environmental accounting, the broad 
question could be asked: Is modern conventional agriculture just an expensive indulgence for 
aff luent countries? Although agricultural and food production in the modern world has suc-
cessfully increased overall yields and overcome many biophysical limitations, it has also been 
a destructive force for the environment (Millennium Ecosystem Assessment 2005), exces-
sively consuming key resources, such as soil and water mostly, underutilising ‘waste’ streams 
and thus polluting other resource bases (Box 18.1). It is in this context of current global land 
use that organic farming systems should be evaluated. Kasperczyk and Knickel (see Chapter 
12) found that organic agriculture provided several environmental benefits including lower 
pesticide pollution, enhanced biodiversity and ecological services, improved soil health (i.e. 
organic matter, biological activity, nutrient cycles, erosion risk), and strong links between 
organic farmers and nature conservation activities (also see Lohr 2005). However, definite 
conclusions cannot be made for many places around the world because of the absence of data. 
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Water and air pollution were more problematic in organic farming because of the reliance on 
manures, and Kasperczyk and Knickel also raised a common concern that economic pres-
sures to maximise short-term production may compromise the beneficial aspects of organic 
agriculture.

Chapter 4 began with two important points that are worth restating here. First, organic 
growers are not homogeneous. Some farmers use ‘substitution-based’ approaches and are seeking 
premium prices for their goods. Others are ‘subsistence’ producers using organic methods by 
default. Between these groups are a range of philosophically committed organic growers who are 
more motivated by environmental and health issues. Second, Letourneau and van Bruggen (see 
Chapter 4) question the use of ‘simplified’ terms, such as organic and conventional, preferring 
instead to focus on specific management practices and agroecological mechanisms. By focusing 
on actual practices and processes within farming systems, it is expected that the observed effects 
of certain organic practices can be more clearly quantified and interpreted. The finding can also 
be generalised for other locations, crops or farming systems.

In this Chapter, key conclusions from earlier chapters have been compiled and summa-
rised. Many themes were consistently reiterated in the various chapters, confirming the impor-
tance of those themes across a wide range of settings. Rather than speculating on the future of 
organic agriculture and its possible impact on world food security and the environment, this 

Box 18.1  Selection of findings highlighting the long-term 
impact of agriculture and related activities on natural 
resources (Wood et al. 2001 and Millennium Ecosystem 

Assessment 2005)

More land was converted to cropland since 1945 than in the 18th and 19th centuries 
combined, and now about one-quarter (24%) of Earth’s terrestrial surface has been 
transformed to cultivated systems.

Moderate to severe soil degradation occurs on 52% of global agricultural lands.

Human activities now produce more biologically usable nitrogen than is produced by all 
natural processes combined.

More than one-half of all the manufactured nitrogen fertiliser (first produced in 1913) 
ever used on the planet has been applied since 1985.

The flow of nitrogen to the oceans has doubled since 1860.

Water withdrawals from rivers and lakes for irrigation, household and industrial use 
doubled in the last 40 years.

Humans now use between 40% and 50% of the freshwater running off land to which 
most of the population has access.

Total food production increased by about two-and-a-half times while the number of 
people in the world doubled from 3 billion to 6 billion between 1960 and 2000.

Despite the growth in per capita food production since the 1970s, an estimated 852 
million people were undernourished in 2000–2002, up 37 million from 1997–1999.

The number of species on the planet is declining and the species distribution is becoming 
more homogenous.

Genetic diversity has declined globally, particularly among cultivated species. 
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concluding chapter is more concerned with documenting and reviewing current knowledge, 
identifying strengths and weaknesses, and applying that information to the immediate chal-
lenges ahead. Opportunities for supporting the continuing development of the organic 
movement through cross fertilisation of technologies and conceptual approaches in the areas 
of supply chains and farming systems are discussed.

Opportunities and challenges
Organic farming has attracted considerable attention from those who see it as a panacea to 
those who see it as ideological nonsense. A more humble responsibility for the organic movement 
may be to serve as role model for a farming system in which values other than financial are cul-
tivated (see Chapters 8 and 14). Organic farming asks how we ought to relate to each other and 
our natural environment (see Special topic 3). The values of the organic movement are not 
esoteric, but are based on observation and common sense: treat livestock well, use resources 
sparingly, use the least harmful method, nature is inherently valuable and so on. Food security 
depends upon personal relationships of integrity and trust among farmers, farm workers, sup-
pliers, consumers and others up and down the agricultural supply chain (see Special topic 3), 
and integrity and trust have been fundamental to organic agriculture’s success.

There are many other role models across the spectrum of agricultural systems, such as con-
servation tillage, permaculture and traditional farming systems, but organic farming has 
emerged as one of the best known alternative farming systems developed in response to the 
shortcomings of mainstream agriculture. Many of the key benefits and opportunities for 
organic agriculture (Box 18.2) are suitable areas for the organic movement to show leadership 
and innovation, including assurance and auditing procedures, rural and regional development 
and low cost agricultural systems relying on biological and ecological processes.

A range of challenges that were highlighted in other chapters are listed in Box 18.3. Some of 
these challenges are in conflict with each other (e.g. global harmonisation versus local adapta-
tion) and some challenges are also opportunities (e.g. dynamic review of policies and stand-

Box 18.2  Benefits and opportunities for organic 
agriculture

Provision of ecological services, such as crop protection, yield stability and system 
resilience.

Reduced chemical residues in food and the environment.

Few strongly negative environmental impacts.

Economic performance is often equivalent to conventional farming.

High standards of animal welfare.

Reliable and credible standard-setting processes and certification schemes.

Dynamic review of policies and standards.

Strong consumer demand and brand recognition.

Indigenous knowledge is valued.

Potential for cooperative rural and regional development.
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ards). Specific local agronomic requirements can also create pressure to modify standards. For 
example, phosphorus (P) fertilisers allowed under the certification standards are unable to 
supply adequate P in the inherently deficient soils in parts of southern Australia. Consequently, 
the restriction on citrate-soluble superphosphate has been questioned (Penfold 2000).

The question of whether organic food is better for human health than conventional food is 
central in the minds of organic consumers (see Chapter 11). Yet the research indicates that no 
definitive nutritional differences have been found (see Chapter 13). Reviews in several coun-
tries all concluded that there is no evidence for any direct health benefits associated with the 
consumption of organic foods. These reports also concluded that there were no health risks 
associated with organic food. Differences were reported for a range of nutritional characteris-
tics, but there is no consistency across the literature. 

Despite the lack of nutritional differences in the comparative review, examination of large 
data sets showed that organically grown foods consistently had about one-third of the pesti-
cide residues in conventionally grown foods (Baker et al. 2002). There are also numerous 
examples in the broader research literature that showed links between food production 
methods and food quality, and that these differences are large enough to influence consumer 
health (see Chapter 13). By gaining an understanding of the relationships between production 
methods and food quality, improvements can be made in the quality of produce from a system, 
whether it is organic or conventional. However, there are limitations in the experimental 
approach of some of the studies, such as confounded designs, inadequate time frames and not 
targeting aspects where differences are most likely. Brandt and Mølgaard note the scientific 

Box 18.3  Challenges for organic agriculture

Maintaining sustainability in the global economy: balancing organic principles with 
commercial imperatives.

Maintaining flexible organic standards and certification processes to address issues such as:
• nature conservation and regeneration;
• equitable, affordable and flexible access to certification services;
• responsible labour relations and land tenure arrangements;
• animal welfare;
• new inputs such as ‘natural’ biocides, soil amendments and GMOs; and
• incomplete or unscientific basis for including/excluding materials from organic 

standards.

Pursuing international harmonisation of standards and certification.

Developing locally applicable agronomic solutions to production constraints, such as 
weeds, animal health and soil fertility.

Expanding research activities in many disciplines (particularly beyond Europe and North 
America) and foster the integration of knowledge.

Preserving food quality while trying to increase productivity.

Educating and training at all levels to build capacity, infrastructure and networks.

Inadequacies in regulatory and marketing structures (e.g. labelling).

Excessive consumer prices and inconsistent quality and availability.

Establishing and maintaining credibility and professionalism.
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evidence shows that only organic methods have demonstrated the ability to improve both yield 
and nutritional quality simultaneously, and that organic principles effectively protected against 
‘mad cow disease’ (bovine spongiform encephalitis).

The yields in organic agriculture may be equivalent to or better than conventional agri-
culture, although often they are not, simply because of inadequate plant available nutrients, 
weed infestation, non-cash phases in the crop rotations or inexperienced management (see 
Chapter 1). Yield performance is very location and management specific and many underly-
ing drivers (e.g. soil carbon, weed seed banks) of yield have long responses times (Martini et 
al. 2004, see Chapter 15). Some researchers have also highlighted the value of alternative agr-
oecological criteria such as resilience and stability (Trenbath 1999, Lotter et al. 2003). 
Although organic agriculture causes less pesticide contamination in food, people and the 
environment, it is premature to claim that organic agriculture is completely environmentally 
sustainable (see Chapter 12). In particular, some soil nutrients have negative budgets in 
certain organic cropping systems, causing a depletion of soil reserves of that nutrient (see 
Chapter 1).

Looking to the future
Organic agriculture will always be operating in a broader context of powerful market forces 
controlling the flow of inputs and outputs including intellectual property. Social expectations 
about agricultural production systems and consumer preferences also interact closely with the 
market place creating an uncertain future for organic growers and traders. Lockie et al. (see 
Chapter 11) are cautious about making predictions about the size of the organic market into 
the future. Predictions are difficult because of changing global demographics and dietary 
tastes, as well as the knowledge that past successful marketing strategies may not remain 
effective.

The same caveat should apply to predictions about global organic expansion and the conse-
quent inability to feed the world (Avery 1997). The challenge of feeding the world applies to 
any modern farming system, as the Millennium Ecosystem Assessment Synthesis (2005) report 
reminds us: global food production is adequate, yet poverty and environmental destruction 
persist. Whatever agricultural system, or hybrid of systems, is used to provide food and fibre 
for the international community, it will presumably be supported by democratic governments, 
the business community and by farmers and consumers, and problems will be solved progres-
sively. A range of feedback mechanisms is likely to evolve to maintain equilibrium between 
production and sustainability:

•	 ‘mainstreaming’ the ‘alternative’, possible mass market opportunities;
•	 preventing excesses through regulation (e.g. onerous compliance for registration of 

inputs); and
•	 supporting transition through enabling policies, e.g. subsidies, harmonisation, brokering 

and collaboration, research funding (Thirsk 2000, Pretty et al. 2003, Stoneham et al. 2003).

Organic farming systems have not been optimised over many decades by large inputs of 
time and money for research, industry development and extension services in the same way 
that conventional farming systems have. Therefore, the ability of the organic movement to 
provide a broad solution to global food and fibre production problems is limited in current 
circumstances. Although organic farming systems have some well recognised benefits, wide-
spread adoption of organic agriculture as the sole method of farming is unlikely in the short-
term to medium-term, even in the most progressive countries in Europe. Modelling of 
large-scale conversion to organic agriculture at realistic rates (10–20%) indicates that such 
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conversion would be unlikely to cause adjustment problems to the agricultural sector, for 
example, as a result of significantly lower yields (Halberg et al. 2005b, see Chapter 10).

The report of the Millennium Ecosystem Assessment (2005) lists several general strategies 
for promoting more sustainable land use that are very applicable to organic agriculture. These 
strategies include creating appropriate governance and marketing structures, overcoming 
social and behavioural constraints, encouraging investment in the development and diffusion 
of suitable technologies and fostering a robust knowledge and skills base. Several more specific 
policy options were also recommended:

•	 removal of production subsidies that have adverse economic, social and environmental 
effects;

•	 investment in, and diffusion of, agricultural science and technology that can sustain the 
necessary increase of food supply without harmful tradeoffs involving excessive use of 
water, nutrients or pesticides;

•	 use of response polices that recognise the role of women in the production and use of 
food and that are designed to empower women and ensure access to and control of 
resources necessary for food security; and

•	 application of a mix of regulatory and incentive-based and market-based mechanisms to 
reduce overuse of nutrients (Millennium Ecosystem Assessment 2005).

The importance of recognising the role of women is reinforced by Lockie et al. (see Chapter 
11) who state that gender, not education or income, is the most important demographic factor 
influencing patterns of organic consumption, because women report purchasing organic foods 
more than men.

There is a diverse range of emerging and existing technologies and conceptual approaches 
that are compatible with organic agriculture, and where organic agriculture has existing 
strengths, such as adult education and soil microbiology (Figure 18.1). These technologies can 
provide the organic movement with opportunities to improve productivity, overcome market-
ing constraints, reduce harmful environmental and social impacts and maintain a progressive, 
constructive stance in relation to research, development and education. The following discus-
sion about the ongoing role of the organic movement in agriculture is based on the broad, non-
exclusive topics, supply chains and farming systems, identified in Figure 18.1. These topics 
each have several themes listed as examples; however, these lists are not intended to be 
exhaustive.

Farming systems
Integrated farm management

Catchment management
Soil and microbiology

Information technology

Organic
agriculture

Supply chains
Auditing and quality assurance

Research networks
Education networks

Rural and regional development

Figure 18.1 Technologies and conceptual approaches relevant to organic agriculture.
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Supply chain technology
There are numerous parts of an agricultural supply chain, with many stakeholders. A conse-
quence for organic agriculture is that there are many areas that need to be established, modified 
and strengthened. Major areas of interest are:

(a) the creation and expansion of knowledge networks for research and education; 
(b) continuing revision of the organic standards and certification processes; and 
(c) a clearer role of organic farming in rural and regional development.

Knowledge networks – research
To enable organic agriculture to grow and mature several supporting mechanisms are needed. 
Such mechanisms include on-farm and collaborative research, teaching at a wide range of 
competencies from farmer field days to doctoral studies (see Chapters 15, 16 and 17), a compre-
hensive and reliable knowledge base, widely accessible information flow lines and a diverse 
pool of skilled people. Much of this process is under way, but considerable effort is still 
required.

Research is vital for sectoral development as it allows new knowledge to be developed, such 
as increasing yield and productivity, quantifying environmental and social impacts, minimis-
ing adverse effects and maximising benefits (see Chapter 15). Research and development in 
organic farming is normally constrained by scarce funding from governments and large com-
mercial stakeholders, and smaller commercial players are generally unable to allocate funds 
for research and development (Wynen 2003). There are no fundamental essential barriers to 
establishing cross-disciplinary research collaborations, but various practical and structural 
barriers exist including access to funding, cost of larger long-term trials and project coordina-
tion difficulties (see Chapter 15).

Despite criticisms about a lack of objectivity in organic research, almost all research activities 
are inherently value-laden, with choices routinely being made about subject matter, funding 
sources, treatments to apply and methodologies to follow (see Chapter 15). No single research 
strategy is adequate to address the needs of the global organic agriculture movement. Instead, 
there are several issues to consider. A balance needs to be achieved between reductionist and 
holistic approaches (combining disciplinary and systems thinking), between short-term and 
long-term trials and between multidisciplinary and single discipline projects. The process of data 
collection, synthesis and interpretation should take place at all levels from the ‘plots and pots’ of 
experimental trials to whole farms, and from catchments and bioregions to local and global 
markets. Action, participatory and on-farm research approaches provide a range of options for 
encouraging cooperation between project stakeholders, although their effective use depends on 
the interests of the stakeholders and facilitation skills of the project leaders (see Chapter 15).

Relatively new organisations such as the International Society of Organic Agriculture 
Research, Colloquium of Organic Researchers in the United Kingdom (UK) and The Organic 
Center, as well as the Scientific Committee for Organic Agriculture Research in the USA dem-
onstrate that the organic movement is moving to another level of sophistication in pursuing 
research. Together with the growing number of private and government research centres being 
established (see Chapter 15) and universities offering study programs in organic farming (see 
Knowledge networks – education), there is an opportunity to produce more research, produce 
better quality research and to reduce research overlap by increasing collaboration.

It is common (and logical) for researchers to highlight the need for further research in their 
discipline, and that is true of all chapters in this book. Some specific areas where research has 
been absent or less intensive include:

•	 environmental impacts (see Chapter 12);
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•	 social dynamics (see Chapters 9, 11, 14, 16 and 17);
•	 animal husbandry (see Chapters 7, 8 and 9);
•	 determining goals for breeding and selection and maintaining genetic diversity, including 

livestock rare breeds and heirloom crop varieties (see Chapters 4, 5 and 6); and
•	 economic management, specifically market access, price stability and cash flow (see 

Chapter 10).

Knowledge networks – education
Much of the education and training in organic agriculture has taken place in apprentice-type 
situations with farmers as teachers and young people as learners in a practical, hands-on 
learning environment. This has evolved into the global tradition of strong farmer groups in 
the organic movement (see Chapter 16). Some of this experience is being captured through 
farm visits and other teaching methods, and linked with educational theory to develop courses 
in organic agriculture in universities. Like research into organic agricultural systems, there is 
usually a lack of institutional support in most countries. The only consistent exceptions are 
courses offered by organic grower groups. International tertiary education links have been 
established within European countries and between Europe and other regions such as North 
America and Australia. Many universities now offer individual subjects, majors and full 
courses in organic agriculture, providing a valuable pool of agronomists, veterinarians, exten-
sion officers and other specialists with specific training in organic principles and practices (see 
Chapter 16).

Organic farms are inevitably complex places, with greater biological and enterprise diver-
sity than conventional farms (see Chapters 12 and 17). There are many competing factors to 
manage and decision making is challenging. In addition, these is less chance of contacting a 
commercial or government agronomist and seeking advice, though this is changing as the 
upstream end of the supply chain grows with ‘biofertiliser’ products proliferating at agricul-
tural field days and in industry magazines. Sound management skills and independence are 
therefore vital. These preconditions for successful organic farming – complexity and inde-
pendence – are important because they influence how organic education can be taught (see 
Chapter 17). In developing a curriculum, a course should ‘help prepare students to deal with 
the complexity and uncertainty they will face in working for sustainable agriculture and food 
systems for the future’ (see Chapter 16). In several tertiary courses on organic agriculture there 
is an expectation that organic agriculture students will be able to cope with student-centred 
learning, perhaps on a problem-based learning or case study project (Lieblein et al. 2005). 
Student-centred learning is preferred because it increases the amount of information process-
ing, as opposed to simple memorising, producing deeper learning (see Chapters 16 and 17). 
There is also an emphasis on experiential learning, preferably involving considerable interac-
tion with organic farmers on their farms. Although not exclusively relevant to organic agricul-
ture, integrated teaching approaches have good conceptual alignment with integrated (organic) 
farming approaches as both foster skills in managing complexity and independent critical 
thinking (see Chapter 17). The teaching approach suggested by Sriskandarajah et al. (see 
Chapter 16) and used in many agricultural courses around the world has limitations, including 
the costs involved with running field trips for students, the facilitation skills required to deliver 
experiential-based curricula effectively and the inflexible administrative structures of tertiary 
institutions.

The conceptual models presented in the chapters on social responsibility, tertiary educa-
tion and farmer education show uncanny harmony (Table 18.1). Despite considerable discipli-
nary overlap, this convergence of models was not as a result of similar theoretical sources (the 
relevant citations are different in each chapter). Instead, the models highlight the simple 
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dichotomy of ‘thinking and doing’ (matter and energy) as the common factors required to 
produce an action or outcome, in this case learning. As the manager of a complex agroecosys-
tem, a capable organic farmer or student will need to be able to think and do simultaneously, 
compile and integrate information from different sources, make and implement decisions, 
review past performance and revise future strategies. A good conventional farmer would do 
the same, but he or she would have greater recourse to finding people to do the thinking for 
them – the commercial agronomists, long established marketplaces and supply lines, a shared 
history of production methods within a district, the industry magazines and so on. However, 
organic growers have traditionally not had those options, and acquiring generic, ready-made 
knowledge is likely to be insufficient (see Chapter 17). In addition to the lack of information 
and infrastructure, organic farmers are obliged to achieve production goals with less reliance 
on externally inputs and to pursue non-economic values such as maintaining and creating 
social and ecological capital. These demands create a high level of biological diversity and 
managerial complexity that, again, conventional growers may choose not to pursue, instead 
focusing simply on maximising yields and profitability.

Auditing and quality assurance systems
The organic standards setting and certification systems were developed to ensure that organic 
produce is genuine, potentially the most important strategy in the marketing of organic goods 
(see Chapter 11). Three main regulatory challenges facing organic agriculture are:

(a) international harmonisation and the tensions between regulatory agencies;
(b) ensuring stringency in assurance systems for global consumers while also allowing for 

locally appropriate adaptations; and
(c) and ensuring equitable access to organic certification systems, particularly in developing 

countries (see Chapter 9 and Special topic 3).

An underlying theme in such challenges is one of balancing competing needs.
The organic movement now has many more stakeholders than in the mid-1980s, and these 

voices all deserve to be heard in such an overtly democratic movement (e.g. IFOAM 2005). 
Although it will take considerable time and cooperation, international harmonisation is a nec-
essary and possibly inevitable process (see Chapters 9 and 10). The International Task Force on 
Harmonisation brings regulatory agencies together to compare each others’ systems and 
evaluate various other programs and models (see Chapter 9), but countries without their own 
standards will be at a disadvantage (see Chapter 10) and separate national disputes will 
continue to hinder progress (Lotter 2003, Alexandra and May 2004).

In Chapter 14, Pyburn et al. advocate a mixture mechanism to stimulate and provide incen-
tives for social responsibility throughout the supply chain. To achieve more than superficial 
change in social responsibility, a learning approach can provide a hands on, direct experience 
for people and groups affected by social issues in agriculture. Standard setting needs to be 
based on support by several stakeholders in the organic food chain, including collaboration 
between organic certifiers and other social certifiers, such as FairTrade Labelling Organiza-
tions International and the International Labor Organization. Internal Control Systems have 

Table 18.1 Conceptual models presented in the chapters on social responsibility, tertiary 
education and farmer education

Conceptual model Source

Learning = regulation × cooperation Pyburn et al. (see Chapter 14)

Knowledge = information × processing Sriskandarajah et al. (see Chapter 16)

Knowledge creation = knowledge acquisition × participation Seppänen and Francis (see Chapter 17)
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been used for group certification in developing countries (see Chapters 9 and 14). Various 
stakeholders including farmers and certification agency representatives meet for discussions, 
out of which comes a new understanding for farmers (e.g. more technical knowledge about 
organic farming, expanded personal networks) and agency staff (e.g. more knowledge about 
local constraints for organic production), and ultimately refined standards and certification 
methods are produced. Ideally, the standards are temporary and always subject to revision, 
and are the outcome of a cooperative learning process rather than an instrumental process 
dominated by a few powerful interests (see Chapter 14).

Strategies to maintain and strengthen the effectiveness of organic certification have been 
identified (Consumers Union 2003, see also Chapters 7, 9, 10 and 14):

•	 internal control systems as a tool for smallholder group certification;
•	 participatory guarantee systems in formalised regulatory systems;
•	 complementary regulatory structures to provide assurance across sectors and regions;
•	 transparent auditing and verification systems; and
•	 approval of allowable inputs based on peer-reviewed science.

Rural and regional de�elopment potential
More people depend on agriculture in developing countries than in the industrialised countries 
of Europe, North America and parts of Asia-Pacific. Subsistence is often the first priority, after 
which goods for the market can be bartered or sold for cash. In this scenario, organic agricul-
ture, or parts of it at least, may be a useful development tool. Just as integrated teaching methods 
suit organic farming courses, the emphasis on integration and multidisciplinarity in organic 
farming readily complements participatory approaches to development, and indigenous intel-
lectual and material resources are often compatible with organic farming (see Special topic 5).

There are many examples of the beneficial role of organic agriculture in sustainable devel-
opment in poorer rural areas (e.g. Parrott et al. 2005, Tafuna’i 2005, see also Chapters 7, 9, 14 
and Special topic 5), although its effectiveness has been poor in many places partly as a result of 
a lack of local demand for certified organic products and limited export potential due to com-
pliance problems (e.g. cost and disease restrictions) (see Chapters 7 and 14). Agricultural 
development projects should start from existing local practices, yields and knowledge and not 
from the promises of a new technology. Extension and support should be a mixture of techni-
cal, social and cultural approaches suited to the learning styles of the target group. Where 
possible, activities should expand beyond an initial disciplinary subject approach using a top-
down extension method into an integrated approach with a participatory development process. 
These guidelines would be relevant for extension and research activities with farmers in any 
country and are not unique to development settings (see Special topic 5).

Farming systems technology
To develop a successful farming system requires a combination of personal skills, suitable land 
and a market for the produce. In particular, successful on-farm production requires careful 
consideration of local conditions. Although the organic standards and the collective knowledge 
of organic farmers can be used for guidance, some experimentation will be required to manage 
each unique combination of weeds, pests and soil imbalances. For example, internal parasites in 
livestock pose a major problem for organic and low-input sheep graziers around the world and 
conventional graziers are facing resistance to chemical drenches (Welsman 2001, Keatinge et al. 
2002, Githiori et al. 2003). The potential for collaborative research into non-chemical means of 
managing livestock parasites could involve grazing strategies, phytomedicines, breeding and 
novel veterinary treatments (e.g. homeopathy) (see Chapters 6, 7 and Special topic 2).

010602•Organic Agriculture 3pp.i431   431 30/4/06   4:45:39 PM



Organic agriculture: a global perspective432

In some highly weathered soils and semi-arid environments, essential soil nutrients, such 
as P, are likely to be limiting and the options permitted under current organic standards may 
be inadequate and considered unsustainable (Kirchmann and Ryan 2004, see also Chapter 2). 
Furthermore, in some countries, the distance between farms and the primary sources of key 
inputs is large and the range of inputs becomes severely restricted (Buresh et al. 1997).

Given that soil fertility is central to organic production, this aspect of negative nutrient 
budgets should not be dismissed too easily because the question of P has been raised in a 
variety of settings in Germany (Lampkin 1990) and the UK (Gosling and Shepherd 2005) and, 
away from temperate Europe, in Sub-Saharan Africa (Pender and Mertz 2005) and Australia 
(Penfold 2000). Based on current data, for some places in the world, rock phosphate will not be 
able to provide plant-available P to the soil quickly enough (see Chapter 2). Biological, chemical 
and physical methods of increasing the effectiveness of rock phosphate are being investigated, 
with a focus on the following factors:

•	 mineral properties: reactivity, particle size, surface area;
•	 soil factors: pH, titratable acidity, P and calcium (Ca) availability and retention, sand 

content, biological activity, organic matter content, moisture, temperature; and
•	 plant factors: P and Ca demand, root structure, rhizosphere pH (see Chapter 2).

However the effects are often neither significant nor important agronomically (Ryan and 
Ash 1999, see also Chapter 2). Like collaborative research into sheep parasites, there are many 
stakeholders interested in improving soil P availability.

Despite some serious but localised problems, organic farms are either already in practice or 
are possible to establish in many agricultural settings (see Chapter 4). The constraints that 
exist are often similar to those faced by conventional farmers (soil fertility, plant and animal 
health) and there is considerable common ground in rectifying issues such as improved P solu-
bilisation and non-chemical parasite control in livestock. Some of the agricultural technolo-
gies that organic growers can and do use are now discussed.

Integrated farm management
Many different schemes have been established to devise and promote more efficient, less envi-
ronmentally damaging methods of agricultural production. A myriad of these integrated man-
agement schemes can normally be identified by their acronym, for example Integrated Pest 
Management (IPM), Low External Input Sustainable Agriculture (LEISA) and Environmental 
Management Systems (EMS). The common element among these concepts is that of achieving 
production goals by integrating a diverse range of strategies in a planned but flexible way. These 
approaches have clear links with organic principles of diversity and rely on ecological processes 
to aid production. In regard to managing crop protection, Letourneau and van Bruggen (see 
Chapter 4) have distilled three important principles related to managing invasive species eco-
logically: prevention of colonisation or establishment, population regulation through biological 
processes and curative interventions. Weed and animal health management would be expected 
to operate on similar principles (see Chapters 1, 7 and Special topic 1).

As discussed, there is potential to learn from developing countries, such as those starting to 
adopt organic farming methods. Indigenous agricultural knowledge systems offer many inno-
vative ideas for low-input farming that could be adapted for use on organic farms in other 
countries (Nyeko et al. 2002, Vogt et al. 2002, Cools et al. 2003). The use of the plant neem 
(Azadirachta indica) is an especially well-recognised example of indigenous knowledge.

Organic plant and animal breeding uses classical methods of crossing and selection based 
on desirable traits (see Chapters 4, 5 and 6). The traits required for an organic ecosystem are 
often different to traits for conventional farm ecosystems, thus requiring organic-specific 
variety trials to determine performance. In plant breeding, various traits such as early vigour 
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and leaf orientation are used because of their contribution to ecological crop protection (see 
Chapters 3 and 5). Research and commercial opportunities exist for producing new lines of 
organic seed varieties. Several large European seed companies have begun marketing organic 
seed; however, several small organic seed merchants have also become established where local 
demand for organic seed has made it viable (Neeson and Howell 2003). One step down the 
supply chain is seedling production, mostly for use on organic herb and vegetable farms. This 
sector of the conventional nursery industry is highly regulated and mechanised and therefore 
very cost efficient. Modifying such systems to suit organic methods, or developing alternative 
methods, is a priority because of the planned ending of derogation rules that allow organic 
growers to use conventional inputs when suitable organic supplies do not exist (Pearce et al. 
2000, Greer 2002, White 2005). The recent growth in the organic seed and seedling sector 
indicates the flow-on demand along the supply chain from farmers seeking local cultivars 
suited to organic conditions (see Chapter 5).

Livestock, especially cattle, have a long and essential part in the history of organic 
farming (Lampkin 1990). Their ability to perform cost-effective multiple functions is world 
renowned for draught, weeding, milk, hides, meat and several types of organic fertiliser, 
such as manure and blood-and-bone. Unlike crops, animals are not simply components of a 
farming system. Animals are also sentient creatures and therefore can be expected to have 
certain moral rights (see Chapter 7). In biodynamic agriculture, the cow has a special place 
as provider of horns and other organs in the manufacture of various compost-based and 
manure-based soil conditioners (see Special topic 2). Although organic principles recognise 
the importance of having a natural life, natural living does not automatically imply good 
welfare. Key health and nutrition requirements also need to be met. Nevertheless, organic 
animals have similar health and welfare experiences compared to conventionally managed 
animals (see Chapter 8).

The role of catchments (or watersheds) in providing ecological services to agriculture has 
often been underrecognised, although there is growing interest among mainstream research-
ers in evaluating methods of integrating farmland, natural vegetation, water bodies and other 
landscape features (Stirzaker et al. 2000, van de Ven et al. 2003). In addition to work on the 
ecological services provided by diverse landscapes (see Chapter 4), research on systems design 
has investigated perennial systems, farm layout, crop rotations, water management and so on 
(Doing 1997, Kuiper 1997, Vereijken et al. 1997, see also Chapter 1). In many cases, the issue of 
adoption is a concern, especially if compliance is complex or costly, or where the benefits are 
difficult to discern (Ridley 2005).

Soil biology and microbial ecology
The importance of biology in maintaining soil health and fertility has always been appreciated 
by the organic movement. It is one of the most fundamental aspects of how soil is conceptual-
ised in organic agriculture (IFOAM 2002). For many years this was a key feature distinguish-
ing organic farming from conventional farming, where the latter system was almost entirely 
focused on chemical and physical properties of soil (see Chapter 2). However, with growing 
interest in the biological aspects of soil fertility, there are technologies available that can help 
measure biological activities and composition and these tools are very useful for evaluating the 
performance of different farming systems or different treatments within a farming system. 
Studies in molecular microbiology and soil microbial diversity have the potential to improve 
our understanding of complex nutrient cycles (see Chapter 2). Analytical techniques using, for 
example, phospholipid fatty acids and substrate-induced respiration provide the ability to 
study microbial community structures and population dynamics, factors that can be related to 
soil properties such as nutrient availability, structure and pathogenicity (Carpenter-Boggs et 
al. 2000b, Svensson and Pell 2001, Harris 2003, Steenwerth et al. 2003).
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Although microbes have been shown to improve various soil quality parameters in differ-
ent soil types and environments, yield improvements are not always observed and generally 
speaking the addition of significant volumes of organic matter is essential to increase the size 
or activity of the soil biological community (Edmeades 2003, see also Chapter 2). Soil organic 
matter content is especially difficult to increase in some environments; for example dryland, 
semi-arid environments with high temperatures and low precipitation, threatening the 
 sustainability of organic farms in such areas (see Chapter 2). Increasing soil organic matter in 
organic agriculture is restricted by:

(a) slower accumulation of organic matter inputs compared with conventional farms as a 
result of lower crop yields and less intensive animal production systems;

(b) organic leys decomposing more quickly because of lower carbon to nitrogen ratios; and
(c) tillage required for weed control (Gosling and Shepherd 2005).

The application of microbial ecology (e.g. soil food webs) to agricultural production 
systems has provided a useful framework for understanding a range of soil processes including 
nutrient mineralisation and pathogen control (Ingham et al. 1985, Drinkwater et al. 1995, 
Wardle et al. 1999, Manici et al. 2004). Several specific strategies for increasing microbial 
activity have been developed such as effective microorganisms, compost teas, biodynamic 
preparations and so on (Sena et al. 2002, Chen et al. 2003, Compost Tea Task Force 2004, see 
also Special topic 2); however, many have not been rigorously evaluated and the mechanisms of 
action remain unclear (see Chapter 2).

In addition to maintaining soil health, microbes are also important in converting manures, 
crop residues and other organic materials into composts, humus and plant available nutrients 
(Welbaum et al. 2004, see also Chapter 2 and Special topic 2), providing biological control of 
certain pests and diseases (Trejo-Estrada et al. 1998, Brimner and Boland 2003) and decom-
posing crop residues in the paddock (Vazquez et al. 2003).

A general objective in biodynamic soil management is to produce a compensating, stabilis-
ing influence on growth in which extremes are avoided (Goldstein and Barber 2005, see also 
Special topic 2). Biodynamic farmers utilise microbial activity in a unique way through the use 
of manure-based preparations (Raupp 1999) and positive agronomic and economic outcomes 
have been reported many times for biodynamic systems in different circumstances (e.g. 
Reganold 1995, Mäder et al. 2002). Attempts to measure the effect of biodynamic preparations 
are often limited by factors such as insufficient time under biodynamic management and con-
founding with whole-system effects (Carpenter-Boggs et al. 2000a, see also Special topic 2).

Conser�ation tillage
Tillage has been a necessary part of agriculture for centuries and it remains a key tool in 
organic farming. Important functions performed by tillage are seedbed preparation, incorpo-
ration of soil amendments, increasing soil mineralisation, crop protection and, most 
commonly, weed control. However, over-reliance on tillage, rather than tillage itself, is prob-
lematic in several situations, such as erosive, compacted, dry or wet soils and on sloping 
ground. The consistent lack of negative effects by organic farming on soil structure and micro-
bial activity suggest that organic management practices are contributing to a resilience in the 
soil (see Special topic 4).

Many of the positive soil and water conservation benefits from conservation tillage prac-
tices can be lost in organic farming systems as a result of the reliance on multiple inversion 
tillage operations for seedbed preparation, incorporation of cover crops and weed manage-
ment that can degrade soil quality (see Chapter 2). High-residue reduced-till systems using 
commonly accepted grass–legume mixtures, permanent soil cover and very limited strategic 
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tillage offer the potential to synchronise nutrient supply with crop demand and multiple non-
nutrient effects, including weed suppression, soil aggregation, resistance to erosion, biological 
pest management, and water infiltration and availability (see Special topic 1).

Successful examples of organic and non-chemical no-tillage systems have been demon-
strated. These have all been short-term systems located in areas with long warm seasons (see 
Special topic 1). On the contrary, temperate organic no-till systems and permanent organic no-
till systems have specific challenges due to slower cover crop growth and breakdown, different 
weed types and limited control options (see Special topics 1 and 4). Difficulties faced in organic 
no-till systems include producing adequate cover crop growth to perform agroecological func-
tions properly, lack of reliable implements for effectively terminating the cover crop to prevent 
regrowth, and managing cover crop residues prior to sowing or planting the cash crop to 
maximise germination and establishment of the following cash crop (see Special topic 1). While 
effective organic no-till systems are still in the developmental phase, other options for reducing 
tillage are available, such as monitoring the soil organic matter budget to inform choices about 
tillage operations (see Special topic 4), strip cropping with semi-permanent beds (see Special 
topic 1) and using a ley phase in the crop rotation (see Special topic 4).

Information technology
Advances in information technology have created tools for recording, managing, analysing 
and presenting data. Various computer models and decision support systems have been used 
in an organic setting to explore nutrient and weed management (see Chapter 3), crop protec-
tion (see Chapter 4) and conversion impact (Halberg et al. 2005b, see also Chapter 10). Aspects 
of precision agriculture such as remote sensing and geographical information systems can also 
be adopted by organic farmers for a range of uses, such as land use planning (Gijsbers et al. 
2001), improving tillage accuracy in weed management (Tillett et al. 2002, Rösch 2006) and 
improving fertiliser use efficiency in soil management (Goulding 2000, see also Chapter 17).

The development and use of indicators to evaluate farm performance are also relevant to 
organic agriculture. By monitoring farm performance, we can compare various management 
options and evaluate indicators over time on a farm, or make comparisons across farming 
systems (see Chapter 12). Numerous reports on the use of environmental and economic indi-
cators are available (Roberts and Swinton 1996, Hendriks et al. 1997, OECD 1999, Helander 
and Delin 2004) and almost as many regarding the suitability and selection of indicators 
(Youngs et al. 1991, Eckert et al. 2000, Pannell and Glenn 2000, Bouma 2002). Indicators are 
used to measure a multitude of characteristics for different reasons and the users should be 
matched with the appropriate indicator tools. For example, farmers are more likely to use indi-
cators that are easy to implement and interpret, are affordable, have a clear relationship to 
farm management practices and provide guidance for improving land management (King et 
al. 2000, Sulser et al. 2001, Ridley et al. 2003).

Summary
The organic movement has a range of strengths in various areas including agriculture and food 
production, international relations, direct marketing and process auditing. Fuelled by strong 
global consumer demand for ethically produced goods, the organic movement is expected to 
continue growing and diversifying. However, important issues need to be addressed such as bal-
ancing organic principles with commercial pressures and maintaining flexible (locally appro-
priate) standards and certification while also pursuing international harmonisation.

Most of the successes of the organic movement over the past decades have been achieved 
through the vision and enterprise of individuals and local farming groups operating without 
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the support of government or agribusiness. As government and agribusiness groups are 
increasingly collaborating with the organic movement, it is anticipated that the beneficial 
impacts of organic farming systems will be further improved, and that the negative impacts 
will be minimised or avoided.

Organic agriculture will continue to challenge its critics as increasing numbers of success-
ful enterprises are established in various countries. Organic proponents will also be challenged 
as new ethical questions emerge and the task of reviewing and improving organic farming 
methods is tackled. The organic movement has grown beyond its roots of farmers, growers 
groups and loyal consumers to a global niche industry. With new stakeholders and different 
stakes, the organic movement now has the opportunity to form more beneficial relationships 
and interact more directly with all key players in agricultural development.
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