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Preface

Five years after the first edition of this book, a number of new facts have invited
us to review the recent evolution of world agricultural systems and human

nutrition, and their possible futures.

PEASANT POVERTY AND UNDERNOURISHMENT

At the beginning of the twenty-first century, around half of the planet’s approxi-
mately six billion human beings live in poverty, with a purchasing power equiva-
lent to less than two U.S. dollars per day. Close to two billion suffer from serious
deficiencies of iron, iodine, vitamin A, and other vitamins or minerals.! More
than one billion people have no access to potable water, and around 840 million
are victims of undernourishment, which means that they do not have continuous
access to a food ration sufficient to cover their basic energy needs.? In other
words, they are hungry almost everyday.

Famines, which occur in various places on the occasion of some drought,
flood, storm, illness of plants, animals or humans, or even war, are no less the
ultimate consequence of poverty and undernourishment. In fact, these climatic,
biological, or political accidents lead to famine only in regions of the world
where large parts of the population already suffer from such a high level of
poverty and food insecurity that they do not have the means to fight effectively
against these calamities and their consequences.

This tragic situation is not new nor is it improving. Certainly, the portion
of the total world population that is undernourished has diminished over the
last three decades of the twentieth century, but the number of underfed per-
sons in the world has hardly gone down. This is why the more than 180 heads
of state and government gathered in Rome in 1996 for the World Food Summit
committed themselves “to deploy a constant effort to eradicate hunger in every
country and, for the time being, to reduce by half the number of underfed peo-
ple by the year 2015 at the latest.” That assumes that the world will have
around 400 million underfed people in 2015. But the means mobilized in this
effort have been neither as substantial nor as efficacious as predicted. Five
years later, in 2001, it is necessary to recognize that the world will still count
600 to 700 million undernourished in 2015. At this rate, it will be more than a

century before this curse can be made to disappear.
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Thus the conventional means for struggling against hunger, even though
strengthened, have once again turned out to be incapable of defeating it within a
sufficiently short time frame to be morally acceptable, socially supportable, and
politically tenable. In order to reduce the extreme poverty that leads to hunger
and sometimes even to famine and death, it is not sufficient to attend to the
most shocking symptoms of these evils. Rather, it is necessary to attack their
profound causes, and to do that it is necessary to have recourse to other analy-
ses and other means of struggle.

First, it is important to take into account that close to three-quarters of the
undernourished indvviduals in the world live in rural areas. Among the rural
poor, one finds that the large majority are peasants, who are especially poorly
equipped, poorly situated, and bad off, or agricultural workers, artisans, and
merchants who live on the basis of their relationship to the peasants and are as
poor as they are. As for the other undernourished people, most are recent rural
residents pushed by poverty toward refugee camps or underequipped and
underindustrialized urban peripheries, where they still cannot find sufficient
means of existence. Since the number of poor and hungry in the countryside
has hardly diminished, even though each year several tens of millions of people
leave the rural areas, one can only conclude that an almost equal number of
new poor and hungry are formed each year in the countryside.

Most of the world’s hungry people are not urban consumers and purchasers
of food but peasant producers and sellers of agricultural products. Further, their
high number is not a simple heritage from the past but the result of an ongoing
process leading to extreme poverty for hundreds of millions of deprived peasants.

In order to explain this process, we will discuss the following questions:
How large are the inequalities between different agricultures in the world? How
has the contemporary agricultural revolution, carried out by a minority of farm-
ers in the developed countries and in some developing countries, greatly
increased these inequalities? Why has the Green Revolution, pursued by close
to two-thirds of the farmers in the developing countries, only partially reduced
these inequalities? How has the tendency for real agricultural prices to fall,
which results from these agricultural revolutions, blocked development and led

to extreme poverty for more than one-third of the planet’s peasants?

VERY UNEQUAL AGRICULTURES

One can measure the raw productivity of agricultural labor by looking at the
production in quintals (one quintal = 100 kilograms) of cereals or cereal-equiva-
lents per agricultural worker per year.3 In a little more than a half century, the

difference in productivity between the least efficient agriculture in the world,
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practiced exclusively with manual implements (hoe, spade, digging stick,
machete, harvest knife, sickle) and the best-equipped and most efficient agricul-
ture has increased dramatically. The gap has widened from 1 to 10 in the inter-
war period to 1 to 2000 at the end of the twentieth century.

The Contemporary Agricultural Revolution

In the course of the second half of the twentieth century, the contemporary agri-
cultural revolution (large-scale motorization and mechanization, selection of
plant varieties and of animal species with a strong potential for high yields, wide-
spread use of fertilizers, concentrated feed for livestock, and pesticides for plants
and domestic animals) has greatly progressed in the developed countries and in
some limited sectors of the developing countries.

In the developed countries, farmers who were already relatively productive
have benefited from policies of support for agricultural development, as well as
from real agricultural prices, which, at the beginning of the period under consid-
eration, were much higher than today, thereby enabling maximum opportunities
for investment and progress. But, ultimately, fewer than 10 percent of the farms
have succeeded in going through every stage of this revolution. Today, the best
equipped, the best proportioned, the best situated among them attain a raw pro-
ductivity on the order of 20,000 quintals of cereal-equivalents per worker per
year (200 hectares per worker multiplied by 100 quintals per hectare = 20,000
quintals or 2,000,000 kilograms per worker). The gains in agricultural produc-
tivity thus obtained have been so rapid and so high that they have exceeded
those of industry and services. As a result, there has been a strong reduction in
real agricultural prices. Depending upon the product, these prices have been
reduced by 2, 3, or 4 times in the course of the second half of the twentieth cen-
tury. Consequently, during this time more than 9o percent of the farms, the least
advantaged, have been blocked in their development and impoverished by the
lowering of prices to the extent that, one after another, they disappeared and
thereby provided a labor force for expanding industry and services.

In the developing countries, the immense majority of peasants have not had the
means to attain the costly large-scale motorization and mechanization of agricul-
ture. In a few regions, however (Latin America, the Middle East, South Africa),
some large agricultural entrepreneurs, having at their disposal thousands of
hectares of land and poorly paid day laborers, have profited from inflation and the
relatively high international agricultural prices from the first half of the 1970s, as
well as advantageous credit terms, to equip themselves in turn. Today, the most
successful of these large farms have labor productivity as high as the best-equipped

North American or western European farms, but with a much smaller labor cost.
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The Green Revolution

Beginning in the 1960s, the Green Revolution, a variant of the contemporary agri-
cultural revolution but without the large-scale motorization and mechanization,
developed widely in the developing countries. Based on the selection of varieties
of rice, maize, wheat, soya, a heavy utilization of synthetic fertilizers and pesticides
and, if necessary, on firm control over water for irrigation and over drainage, the
Green Revolution was adopted by farmers capable of acquiring these new means
of production in regions where it was possible to realize a return on their invest-
ment. We emphasize that in several countries, the public powers have greatly
favored the diffusion of this revolution by adopting policies of agricultural price
supports, subsidies for inputs, preferential interest rates for borrowing, and
investments in the infrastructures for irrigation, drainage, and transport. Today a
farmer fully utilizing the means of the Green Revolution can attain a raw labor
productivity on the order of 100 quintals of cereal equivalent if that farmer has
only manual tools (1 hectare/worker 100 quintals/hectare), on the order of 500
quintals if they have equipment which uses animal power (5 hectares/worker 100

quintals/hectare), and even more if the farmer can make several harvests per year.

Orphan Agricultures

A very large number of peasants in the developing countries have never had
access to the means of production for either one of these agricultural revolutions.
Motorization and mechanization are practically absent, and specially selected
seeds, fertilizers, and pesticides are used only a little or not at all in large cultivated
areas watered by rain or insufficient irrigation in the intertropical forests, savan-
nas, and steppes of Africa, Asia, and Latin America. And even in regions fully
penetrated by one or the other of these revolutions, numerous peasants have
never been in a position to acquire the new means of production and make
progress in both profitability and productivity. They too have been impoverished
by the lowering of real agricultural prices and, moreover, have sometimes suffered
from the ill consequences resulting from these two revolutions (for example,
diverse pollutions, lowering of the ground water table, increasing salinity of irri-
gated and poorly drained soils).

Consequently, hundreds of millions of peasants continue to work with
strictly manual tools, without fertilizers or pesticides, and with plant varieties
that have not been the object of research and systematic selection (tef, finger
millet, fonio, millet, quinoa, sweet potato, oca, taro, yam, plantain, manioc).
The yields obtained in these conditions are less than 10 quintals of cereal-
equivalents per hectare (for example, the average yield of millet in the world
today is hardly 8 quintals per hectare). Since a manual tool set hardly allows a
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single worker to cultivate more than one hectare, the raw productivity does not
surpass 10 quintals of cereal-equivalents per active worker per year (1

hectare/worker 10 quintals/hectare).

Majority of the World’s Farmers Involved
in Manual Agriculture

In the last analysis, for an active agricultural population in the world of 1.3 bil-
lion people, or half of the total working population, there are only 28 million
tractors, or some 2 percent of those working in agriculture!* Note that the total
agricultural population of the world (working and not) is around 3 billion peo-
ple, or half of humanity.

In addition, it 1s estimated that two-thirds of the working population in agri-
culture have benefited from the Green Revolution. Approximately half of them
use animal power, while the others still work with manual tools. Consequently,
one-third of the world’s peasants, or more than 400 million of the working pop-
ulation (which corresponds to more than a billion persons to feed), work not
only with strictly manual tools but without fertilizer, feed for livestock, pesti-

cides, and specially selected varieties of plants and breeds of animals.

Indefensible Inequality of Access to Land

What is more, in numerous ex-colonial countries (Latin America, South Africa,
Zimbabwe) or ex-communist countries (Ukraine, Russia) which have not experi-
enced recent agrarian reforms, the majority of these poorly equipped peasants are
more or less deprived of land because of the existence of large estates of several
thousand or tens of thousand hectares, estates which are private, public, or in the
process of privatization. The size of the land area these peasants have access to 1s
much smaller than the one they could cultivate with their meager tools, and
smaller than the minimum size necessary to cover the subsistence needs of their
families. These peasants on “minifundia” are thus obliged to look for hand-to-

mouth work on the large estates, the “latifundia,” for $1 to $2 per day.

Current Reasons for the Extreme Impoverishment
of Hundreds of Millions of Peasants

The increases in productivity and production resulting from the contemporary
agricultural revolution and from the Green Revolution have not only provoked a
sharp drop in real agricultural prices in the countries concerned, they have also

allowed certain countries to unload exportable surpluses at low prices. Interna-
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tional trade in basic agricultural products involves only a small fraction of world
agricultural production and consumption (some 12 percent of cereals, for exam-
ple). The corresponding markets are residual markets, which consist of surpluses
difficult to sell except at particularly low prices. At such prices, even the producers
who have benefited from the agricultural revolution or the Green Revolution can
win part of the market, or simply preserve their position, only if they have addi-
tional competitive advantages. Such is the case for certain South American, South
African, Zimbabwean, and now Ukrainian and Russian, latifundia-based agro-
exporters, who are not only well equipped but have access to huge areas of land at
low cost and to some of the lowest paid workers in the world. Today, on this type
of latifundia, an agricultural worker making less than $1,000 per year can produce
more that 10,000 quintals of cereals (1,000,000 kilograms), which reduces the
labor cost per kilo of cereal to less than a thousandth of a dollar (1,000
dollars/worker/year divided by 1,000,000 kilograms/worker/year). Consequently,
the price of a quintal of exportable cereal from these regions is less than $10.

At this price, a number of American or European farmers would have a nil or
negative income. Consequently, they would not be able to win a share of the mar-
ket nor withstand imports nor persist in their business if they did not live in
high-income, developed countries concerned about their food sovereignty and
where, as a result, they benefit from important public assistance.

Finally, in certain developing countries, notably in Southeast Asia (Thailand,
Vietnam, Indonesia), the increase in production due to the Green Revolution is
combined with local levels of income and wages so low that these countries have
become exporters of rice, while undernourishment is rife in the countryside.

But for the immense majority of the world’s peasants, the international
prices of basic food products are far too low for them to support themselves and
renew their means of production, much less allow them to invest and grow. As a
result of the lowering of transport costs and the growing liberalization of inter-
national agricultural exchanges, the always renewed strata of underequipped
peasantry, who are poorly situated, poorly endowed with land, and not very
productive, are confronted with competition from commodities sold at very low
prices in international markets. This competition blocks their development,
leading ultimately to extreme poverty and hunger.

In order to understand this process better, consider a Sudanese, Andean, or
Himalayan cultivator of cereal, using manual tools and producing 1,000 kilo-
grams net of grain (seeds deducted), without fertilizer or pesticides. Around
fifty years ago, such a farmer received the equivalent of $50 in 2001 dollars for
100 kilograms of grain. The farmer had to sell 200 kilograms in order to renew
tools, clothes, etc., retaining 800 kilograms to feed four persons modestly. By

cutting back on consumption a little, the farmer could even sell 100 kilograms
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more in order to buy some new and more effective tool. Twenty years ago, the
same farmer received no more than the equivalent of $20 in 2001 dollars for 100
kilograms. Thus the farmer had to sell 400 kilograms in order to renew tools
and retained only 600 kilograms for food, this time insufficient for four persons.
It was no longer possible to buy new tools. Finally, today, if this farmer receives
no more than $10 for 100 kilograms of grain, more than 600 kilograms must be
sold in order to renew the equipment, which is well nigh impossible since one
cannot feed four persons with 400 kilograms of grain. In fact, at this price, the
farmer can neither completely renew the tools, however pitiable, nor eat proper-
ly and renew his/her labor power. This farmer is condemned to indebtedness
and an exodus toward underequipped and underindustrialized shantytowns
where unemployment and low wages hold sway.

In these conditions, it is easy to understand why development policies that
consist of pushing the contemporary agricultural revolution and Green Revolu-
tion further in the advantaged regions and food policies that are designed to
provide cities and towns with food products at always lower prices are particu-
larly contraindicated in the fight against hunger. In fact, these policies impover-
ish the most destitute peasants even more, who, we have seen, form the majority

of the world’s undernourished people.

AGRICULTURAL AND FOOD PERSPECTIVES
FOR THE YEAR 2050

In 2050, our planet will have some g billion inhabitants (between 8 and 11 billion)
according to estimates published by the United Nations in 2001. In order to feed
such a population properly, without undernourishment or shortages, the quantity
of vegetable products designated as food for humans and domestic animals will
have to more than double for the whole world. It will almost have to triple in the
developing countries, more than quintuple in Africa, and increase more than ten
times in several African countries.3 In order to obtain such an enormous increase
in vegetable production, agricultural activity will have to be extended and inten-

sified on a long-term basis in every region of the world where that is possible.

LIMITED POSSIBILITIES FOR PROGRESS

Many people think of the progress made as a result of the contemporary agricul-
tural revolution and Green Revolution as a way to obtain the necessary increase
in agricultural output. But in the regions where these revolutions are already very
advanced, it would be difficult to continue augmenting outputs through

mcreased use of conventional means of production. In many places, abuses have
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occurred while using these conventional means, leading to many negative conse-
quences, indeed to a change for the worse in the ecological, or social order—
diverse pollutions, threats to the quality and safety of food, excessive concentra-
tion of production and accompanying abandonment of entire regions, degrada-
tion of soil, harm to the environment. In these conditions, in order to reestablish
the quality of the environment or products, it will undoubtedly be necessary to
impose restrictions on using these means of production, which will, in turn,
imply no new increase in outputs.

On the other hand, the regions where the contemporary agricultural revolu-
tion and the Green Revolution have already penetrated, even though they are not
fully developed, undoubtedly contain a real potential for growth in production.
But the actualization of this potential by an increased use of fertilizers and pesti-
cides will come up against the same negative consequences as mentioned above.
As for large-scale motorization and mechanization, these are not, in themselves,
means to increase outputs and production significantly. What is more, the cost is
so high that it is forever out of the reach of the great majority of the peasants in
the developing countries, while its adoption by the large estates that employ
wage labor will reduce by go percent the need for that labor power, thereby
increasing rural poverty, migration, and unemployment in the same proportion.

As far as genetically modified organisms (GMOs) are concerned, the latest
avatar of the two agricultural revolutions, these are not likely to miraculously
restore such a disastrous worldwide agricultural and food situation. Their use-
fulness presumes, in fact, that GMOs are not essentially a means of appropriating
the genetic inheritance of plants and animals, that the environmental and health
risks entailed are exaggerated or nonexistent, that the hopes and ambitions they
sustain outweigh the reactions of fear and rejection they arouse, and that the
development of GMOs resistant to agricultural pests and tolerant of climatic
extremes and sterile soil is more rapid than the local selection of species and
varieties appropriate to the needs and possibilities of the peasantry of specific
areas. In addition, the use of GMOs is very expensive and that preventative con-
trol over their possible ecological and nutritional harm is even more expensive. It
1s so expensive, in fact, that research is essentially oriented toward the needs of
the most solvent producers and consumers, so expensive that GMO seeds and
the means of production necessary to valorize them will not be any more accessi-
ble to poor peasants than those of the Green Revolution.?

In the final analysis, neither GMO nor seeds specially selected in the classic
manner or other technical means associated with them can eradicate the
extreme poverty and hunger of poorly equipped peasants. At the prices paid for
agricultural products today, these peasants are less than ever able to buy and

profit from such means.
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The Necessary Reorganization of International

Agricultural Trade

In order to allow all the world’s peasants to construct and exploit cultivated
ecosystems capable of producing a maximum of secure and high-quality com-
modities over the long term, without harming the environment, it is absolutely
necessary to stop the international agricultural price war. It is necessary to break
with the liberalization of trade that tends to align prices everywhere with the
lowest ones offered by the exporters of surplus produce. We have seen that such
prices impoverish and starve hundreds of millions of rural inhabitants, which
increases the rural exodus, unemployment, and urban poverty, thereby reducing
solvent demand well below needs. Moreover, by excluding entire regions and
millions of peasants from production, and by discouraging production by those
who remain, these prices limit agricultural production well below what would
be possible with familiar and sustainable techniques of production. Such
prices, which engender both nutritional underconsumption and under-utiliza-
tion of agricultural resources, are doubly Malthusian. What is more, they place a
negative burden on the environment and the safety and quality of produce.
Agricultural and food products are not commodities like others. Their price 1s
that of life, and, below a certain threshold, it is that of death.

To promote sustainable peasant agriculture everywhere possible without
harm, one that is capable of ensuring both quantitatively and qualitatively
the food security of 6 and soon g billion humans, it is above all necessary to
guarantee sufficiently high and stable prices to peasants so they can live with
dignity from their labor. It is the price of our future. To this end, it is neces-
sary to create an organization of international agricultural trade much more
equitable and effective than the current one, a new organization with the fol-
lowing principles: establish large common agricultural markets on a regional
basis, grouping regions with similar agricultural productivities (West Africa,
South Asia, western Europe, eastern Europe, North Africa, and the Middle
East, etc.); protect these regional markets against all imports of low-priced
agricultural surpluses by variable customs duty, guarantee to poor peasants
of disadvantaged regions sufficient and stable enough prices to allow them to
live from their labor and also to invest and expand; negotiate international
agreements, product by product, that equitably establish an average pur-
chase price for the product on international markets, as well as an agreed-
upon quantity and export price for each of these large markets and, if neces-
sary, for each country.

Moreover, in countries where the land is monopolized by a minority of large

landowners (latifundia owners), it will still be necessary to implement true
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agrarian reform and legislation guaranteeing access to the land and security of
tenure to the greatest number of people.

In the interior of these large markets, income inequalities between more or
less favored agricultural zones could be corrected by a differential land tax, and
income inequalities between farms that are more or less well equipped in means
of production could be corrected by an income tax.

Finally, it will be important to support publicly based agricultural
research, both national and international, and to focus such research in a way
that gives priority to the needs of poor peasants in disadvantaged regions,
with care for the ecological viability of cultivated ecosystems (renewing fertili-
ty) as well as their economic and social viability (the increase and equitable
sharing of material well-being).

Some of the analyses and propositions in this book run counter to dominant
economic and political thinking. However, they are widely shared and continue to
gain support. Things are happening quickly, alas, that tend to corroborate our
statements that global change in agricultural and food policies appears more
urgent each day. Such policy changes also appear more attainable if one can judge
by the numerous discussions we are called upon to lead with representatives of
farmer unions, nongovernmental, governmental, and international organizations,

universities, and centers of research, in France and many other countries.

PARIS, DECEMBER 2001
MARCEL MAZOYER, LAURENCE ROUDART



Introduction

To want everything, absolutely everything, in a landscape, a region, a civiliza-
tion, to belong to a rigid unified system, is this not a dream of a centralizing
philosopher? Is it not better to accept that this landscape, this region, this civi-
lization are made, after long historical accretions, of elements which possibly
have relations of causality or interdependence, or not, and are juxtaposed to
one another, sometimes at the price of mutual confusion? [...] Should not geog-
raphers and others see the world as full of questions, and not as a system to

which they pretend to have the key?

—PIERRE GOUROU, Rizet Civilisation

If humanity were to allow every cultivated ecosystem of the planet to lie fallow,
each would quickly return to a state of nature close to that in which it existed
10,000 years ago. Wild flora and fauna far stronger than those existing today
would overwhelm cultivated plants and domesticated animals. Nine-tenths of the
human population would perish because, in this Garden of Eden, simple preda-
tion (hunting, fishing, gathering) would certainly not feed more than 500 million
people. If such an “ecological disaster” were to occur, industry would be of little
assistance, since it is not yet in a position to synthesize food for humanity on a
large scale, and will not be able to do so quickly. There is no other way to feed 20
billion people or 5 billion people than to continue to cultivate the planet by
increasing domestic plants and animals while controlling wild ones.

But if the return to nature is only a pleasant utopian notion, and industrialized
production of nutritional products an evanescent chimera, then the commonly
accepted idea that the best means to respond to the growing needs of humanity
would be to extend to the entire planet the type of motorized-mechanized agricul-
ture that has been developed in the industrialized countries for a half century, and
which is such a large consumer of mineral fertilizers, is also a mistaken idea. To
give only one-fourth of the farmers in the developing countries such costly means
of production, it would be necessary to invest billions of dollars, i.e., several times
the annual income of these countries, which is obviously unrealizable in a short
period of time. Moreover, by replacing people with machines, this response
would throw three-fourths of the world’s agricultural labor force onto the labor

market, thereby at least doubling the number of unemployed in the world. At a
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time when no one dares pretend any longer that the development of industry can
ever reduce the already existing unemployment, one can easily assess the disas-

trous economic, social, and political consequences of such a tidal wave change.

1. HUMANITY’S AGRARIAN HERITAGE

“Modern” agriculture, utilizing much capital and little labor power, has triumphed
in the developed countries. Despite the billions spent in promotion, it has only
penetrated limited sectors in the developing countries. The great majority of peas-
ants in these countries are too poor to be able to afford the huge machines and
large quantities of fertilizers. Around 8o percent of the farmers of Africa, and 40 to
60 percent in Latin America and Asia, continue to work exclusively with manual
tools, while 15 to 30 percent of them use animal traction, and less than 5 percent
use motorized traction. Modern agriculture is thus far from having conquered the
world. Other forms of agriculture remain predominant and these continue to
employ the majority of the active population in the developing countries.

Certainly, the most disadvantaged and least productive among these farm-
ers are continually marginalized, plunged into crisis and eliminated by com-
petition from stronger farmers. But those who have the means to maintain
themselves and advance offer proof of an unsuspected wealth of inventiveness
and continue to develop in their own ways. It is an error to consider agricul-
tures in the developing countries as traditional and unchanging. They are
continually in transformation and continually participate in the creation of
modernity. It is another error to conceive of agricultural development as the
pure and simple replacement of these agricultures with the only one that is
supposedly modern, i.e., the motorized and mechanized one. Undoubtedly,
this modern agriculture will be expanded further and will be of immense serv-
ice. But it 1s difficult to conclude that it can be both generalized to the whole
world and renewable in the long term, if only because of the probable exhaus-
tion of phosphate reserves, which it uses in great quantities.

Considering the role that all of the world’s agricultural systems should play
in the construction of a livable future for humanity, it is disturbing to note how
far both common and educated opinion are from agricultural realities, and to
what extent that those who are in charge of agriculture are unaware of the
wealth of humanity’s agrarian heritage. Certainly, works of historians, geogra-
phers, anthropologists, agronomists, economists, and sociologists that study
agriculture are not lacking. But, despite their richness and their value, they con-
sistently lack, it seems to us, a body of synthetic knowledge that explains the
origins, the transformations, and the role of agriculture in the evolution of
humanity and of life, in different time periods and in different parts of the
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world. They are missing a body of knowledge that can simultaneously be inte-
grated with general knowledge and form a conceptual, theoretical, and method-
ological foundation for all those who desire to intervene in agricultural, eco-
nomic, and social development.

Projects and policies of agricultural development should respond to the
needs of the populations in question, ensuring their agreement and encouraging
their participation, otherwise these interventions will be neither effective nor
legitimate. But they should also be based on a real competency. Just as a doctor
would not legitimately listen to a person’s heart, make a diagnosis and prescribe
a treatment without preexisting knowledge of anatomy, physiology, reproduc-
tion, and human growth and aging, so one is not able to analyze a given agricul-
tural system, formulate a diagnostic, and propose projects and policies of devel-
opment without being grounded in a systematic knowledge of the organization,
functioning, and dynamics of different sorts of agricultural systems.

This book attempts precisely to build this type of knowledge, under the syn-
thesized form of a theory of historical transformations and geographical differenti-
ations of agrarian systems. This aims to be a theory based on numerous direct
observations, without which nothing original could be conceived, but also on
observations reported by others and on a sum of historical, geographical, agro-
nomic, economic, and anthropological knowledge that has been considerably
enriched over the last several decades. This theory is necessary in order to appre-

hend agriculture in its complexity, diversity, and movement.

2. A THEORY OF AGRARIAN SYSTEMS

Every form of agriculture practiced in a given place and time appears first of
all as a complex ecological and economic object, composed of several cate-
gories of production units that exploit different types of terrains and diverse
species of cultivated plants and animals. Furthermore, observable forms of
agriculture vary according to place, such that, from one region of the world to
another, it is possible to classify them into very different genres (e.g., aquatic
rice growing, pastoral animal breeding, cultivation involving rotation, arbori-
culture). Finally, over time, every agricultural system is transformed, and in a
given region of the world different species of agriculture can succeed one
another, forming the stages of an “evolutionary series” characteristic of the
history of this region. (In Europe, for example, these forms succeeded each
other: slash-and-burn cultivation in prehistoric times, cereal cultivation using
an ard in antiquity, cereal cultivation using a plow in the Middle Ages, polycul-
ture and animal breeding without fallowing in the modern period, motorized
and mechanized based cultivation today.)! As we will see later (chapter 1,
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point 3), the theory of agrarian systems proposed in this work has been con-
ceived precisely as an intellectual tool enabling one to apprehend complexity
and construct a general outline of the historical transformations and geograph-
ical diversity of the world’s agricultural systems.

In order to sketch this theory, we take into consideration first of all that the
earliest systems of cultivation and animal breeding appeared in the Neolithic
epoch, at least 10,000 years ago, in a few relatively small regions of the world.
They developed out of the self-transformation of some of the quite varied sys-
tems of predation that predominated in all of the inhabited areas of the world.
These first forms of agriculture were most probably practiced in the areas
around dwellings and on alluvial deposits resulting from receding flood waters,
that is, on ground already fertilized and requiring hardly any clearing.

From there, Neolithic agriculture expanded across the world in two princi-
pal forms: systems of pastoral animal breeding and systems of slash-and-burn
cultivation. Systems of pastoral animal breeding were extended into grassy
areas that could be used directly as pasturage. They have been maintained up
to the present in the steppes and savannas of diverse regions, in northern Eura-
sia, central Asia, the Middle East, the Sahara, the Sahel, the high Andes, etc.
Systems of slash-and-burn cultivation progressively conquered most of the
temperate and tropical forests where they have survived for centuries, even
millennia, and still exist in certain forests of Africa, Asia, and Latin America.
Since this pioneer epoch, population growth led to deforestation and even, in
some cases, to desertification in most of the originally forested regions. Sys-
tems of slash-and-burn cultivation gave way to numerous post-forest agrarian
systems, differentiated according to climate, which are the origin of distinct
and relatively independent evolutionary series.

Hence, in arid regions, hydraulic agrarian systems, based either on annual
floods or irrigation, were formed at the end of the Neolithic epoch in
Mesopotamia, in the valleys of the Nile and Indus, and in the oases and valleys
of the Inca Empire. In humid tropical regions (China, India, Vietnam, Thai-
land, Indonesia, Madagascar, Guinean coast of Africa, etc.), different hydraulic
systems based on aquatic rice-growing were developed in successive stages, first
by utilizing well-watered and well-drained places (piedmont and interfluve
areas), then in hilly areas (high valleys) or areas difficult to protect and drain
(lower valleys and deltas), or even in places requiring irrigation. Parallel to this
development, implements were improved and the number of possible harvests
each year was increased.

In the intertropical regions with average precipitation, deforestation led to the
formation of varied savanna systems, such as temporary cultivation with the hoe

and no animal herding, as found in systems on the Congolese plateaus; cultivation



INTRODUCTION 23

with pasturage and the accompanying animal herding, as found in systems in the
high altitude regions of East Africa and in diverse Sahelian areas; and cultivation
and arboriculture with animal herding, as found in Sahelian systems associated
with plantings of the Acacia albida tree.

After deforestation in the temperate regions of Europe, a whole series of post-
forest systems succeeded one another that, from agricultural revolution to agri-
cultural revolution, led to current systems. The agricultural revolution of antiqui-
ty gave birth to systems of rainfed cereal cultivation with fallowing, pasturage,
and animal herding, in which manual tools such as the spade and hoe were used,
and an implement of animal-drawn cultivation, the ard plow. Centuries later in
the northern half of Europe, the agricultural revolution of the central Middle
Ages gave birth to systems of fallowing and animal-drawn cultivation, using wag-
ons and plows. Then, from the sixteenth to the nineteenth centuries, the first
agricultural revolution of modern times engendered systems of cereal and feed
grain cultivation without fallowing.

After the voyages of discovery, European agrarian systems were enriched with
new plants from America (potatoes, maize, etc.), and these systems were extended
into settler colonies in the temperate regions of the Americas, South Africa, Aus-
tralia, and New Zealand. At the same time, in the tropical regions, agro-exporting
plantations were developed within preexisting systems, sometimes to the point
that the latter were replaced by the former, which then gave birth to new, special-
ized systems (sugarcane, cotton, coffee, cacao, palm oil, bananas, etc.).

Finally, the second agricultural revolution of modern times, last in the evo-
lutionary series of the agrarian systems of the developed temperate regions,
produced the motorized, mechanized, specialized systems of today, with their
reliance on synthetic chemicals.

Millennia of separate but occasionally intersecting evolutions have produced
a whole range of fundamentally different and unequally productive agrarian sys-

tems that occupy various exploitable areas of the planet.

3. AGRARIAN CRISIS AND GENERAL CRISIS

From the end of the nineteenth century, with the revolution in transport, all of
these agrarian systems progressively confronted each other in the same
increasingly unified world market that daily revealed all kinds of inherited
inequalities and their resulting disparities in productivity and income. Then,
in the twentieth century, productivity gains from the second agricultural revo-
lution (motorization, mechanization, mineral fertilizers, special selection of
seeds, crop specialization) were so enormous that they entailed a significant

lowering of real prices (deductions made for inflation) for most agricultural
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commodities. Furthermore, the ratio between the gross productivity of labor in
the least productive manual agriculture and that of the most productive motor-
ized and mechanized agriculture has increased by several dozen times, going
from 1 to 10 at the beginning of the twentieth century to 1 to more than 100 today.

Confronted with such harsh competition and hit by lower prices, the least
well-equipped and productive farmers saw their incomes collapse. Having
become incapable of investing and developing, they were condemned to regres-
sion and elimination. In this way, tens of millions of small and medium farms in
the developed countries have disappeared since the beginning of the century. For
the past several decades, the same causes producing the same effects have seen
hundreds of millions of underequipped peasant farms in the developing coun-
tries plunged into crisis and eliminated, adding to the growing rural exodus,
unemployment, and rural and urban poverty.

This immense wave of planetary unemployment and poverty limits the growth
of solvent world demand that is already, on a global level, insufficient for strong
industrial and agricultural development. Even if the archipelago of prosperity
formed by the large industrial centers and their satellites continues to develop
and expand, it finds itself stifled by the lack of outlets and overwhelmed and
threatened by poverty growing a little more each day.

Our diagnosis is the following: the contemporary general crisis is rooted in the
massive and ever-growing crisis of the least well-off peasant farmers, a crisis that
essentially results from competition with the most productive agricultural enter-
prises. The greatest peril of our epoch is that the reduction in agricultural employ-
ment will continue to prevail over the creation of employment in other sectors of
the economy and, as a result, unemployment and poverty will spread on a global
level much faster than employment and material well-being.

There is no doubt that the world’s rapid population growth considerably
exacerbates the consequences of this phenomenon. But, paradoxically, popula-
tion growth is itself encouraged by the lowering of agricultural prices over the
past few decades because that, in turn, contributes to lowering the cost of the
dietary needs of human life.

If the essential problem of the world economy today truly lies in the destruc-
tive confrontation between the very different and unequally productive agricul-
tures that form the agrarian heritage of humanity, then the solution to the con-
temporary general crisis necessarily lies in a coordinated policy on the world
scale that would allow poor farmers to support themselves and develop. This
policy must be one that would finally make it possible to end the rural exodus,
growing unemployment, and poverty. Moreover, it must restore solvent demand
in the poor countries on a large scale, which alone is capable of giving a boost to

productive investments and the world economy.
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To give or return to all types of agrarian systems inherited from the past the
possibility of participating in the construction of a viable future for humanity is

the true way to resolve the general crisis of the contemporary world economy.

4. THE PLAN OF THIS BOOK

The book’s first objective is to establish a methodical knowledge of the genealo-
gy and characteristics of humanity’s great agrarian systems. From there, it aims
to explain the role that the agrarian crisis in the developing countries plays in
the formation of the general crisis. Further, we attempt to show how the safe-
guarding and development of the ill-equipped and relatively unproductive agri-
culture of the poor, which is by far the most widespread in the world today, can
contribute to resolving the contemporary crisis.

The first of the eleven chapters situates agriculture in the evolution of life
and history of humanity, while the second chapter recounts the origins of agri-
culture in the Neolithic epoch.

The eight chapters that follow are devoted to the study of the principal
agrarian systems that form humanity’s agrarian heritage:

— Systems of slash-and-burn cultivation in forested areas and the conse-
quences of deforestation (chapter 3); tropical savanna systems and sys-
tems of aquatic rice-growing in the humid tropical regions are briefly
presented in the same chapter

— Hydraulic agrarian systems in arid regions, with the example of the Nile
Valley (chapter 4)

— The Inca agrarian system, an example of a terraced mountain system
(chapter 5)

— Systems of animal-drawn cultivation based on the ard, fallowing, and
accompanying animal herding in the temperate regions of Europe: the
agricultural revolution of Antiquity (chapter 6)

— Systems of animal-drawn cultivation based on the plow, fallowing, and
accompanying animal herding in the cold temperate regions: the agricul-
tural revolution of the Middle Ages (chapter 7)

— Systems of animal-drawn cultivation using the plow and without fallow-
ing, resulting from the first agricultural revolution of modern times in the
temperate regions (chapter 8)

— Mechanization of animal traction and transportation and the first world
crisis of agricultural overproduction (chapter 9)

— Motorized, mechanized, specialized systems using mineral fertilizers

resulting from the second agricultural revolution (chapter 10).
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Finally, the agrarian crisis of the developing countries and its relationship with
the general crisis is treated in chapter 11.

Each of the great agrarian systems is first defined and situated in time and
space. Then, we try to comprehend its origin and explain its genesis. We analyze
its organization (cultivated ecosystem, social productive system), its functioning
(clearing, renewing fertility, management of cultivation and breeding) and the
more or less long-lasting results that follow from all of that, as well as its dynamics
and its geographical and historical limits. Finally, for each of these systems, we
attempt to apprehend the conditions and the demographic, economic, social, and
political consequences of its development.

Even if each chapter can be read independently of the others, the order in
which they appear is not unimportant. Each chapter, in its place, contributes to
the construction of an organized knowledge of agriculture and the comprehen-

sion of today’s agrarian problems.



Evolution, Agriculture, History

We have given to thee, Adam, no fixed seat, no form of thy very own, no gift pecu-
liarly thine, that thou mayest feel as thine own, have as thine own, possess as thine
own the seat, the form, the gifts which thou thyself shalt desire. A limited nature in
other creatures is confined within the laws written down by Us. In conformity with
thy free judgment, in whose hands I have placed thee, thou art confined by no
bounds; and thou wilt fix limits of nature for thyself.

—PICO DELLA MIRANDOLA, On the Dignity of Man

Life began to develop around 3.5 billion years ago in a solar system and on a
planet formed 4.6 billion years ago in a universe whose origin is unknown but
whose oldest light rays reach us from such a distance that we are led to con-
clude it has been expanding for 15 billion years. Since then, evolution has pro-
duced hundreds of millions of living species, many of which have disappeared
in the course of time. The first to appear were plants, of which there are more
than 500,000 species still living today, and then animals, which number nearly
a million species. Not all living species have yet been identified, and every year
new ones are discovered. The totality of individuals of a species living in a par-
ticular place at a given moment in time form a population of this species. The
totality of plant and animal populations living in this place form a biocenosis.
The biocenosis and the inanimate environment, or biotope (geology, morphol-
ogy, climate) that it inhabits, form an ecosystem. All the ecosystems of the plan-
et form the ecosphere.

All living beings, be they plants or animals, are formed from organic matter,
water, and other minerals. Organic matter is formed from complex molecules
(sugars, fats, proteins, nucleic acids) which, besides forming living beings, are
also the source of the energy necessary for life and reproduction. Plants are
autotrophs: they are capable of synthesizing, by means of solar energy, their own
organic substance from water, carbonic gas, and other elements that they find in
the atmosphere and in the soil. By contrast, humans and animals do not have

this ability: they are keterotrophs. They live upon organic matter provided
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directly by plants which have produced it or provided indirectly by animals
which have first consumed and assimilated it.

The biomass of an ecosystem is the total mass of organic matter that it con-
tains, including waste products and excrement. Only plant species are produc-
tive of biomass; humans and animals do not produce it. They only feed upon it
and transform it. These are exploitive species. That is why the fertility of an
ecosystem, that s, its capacity to produce biomass, is ultimately measured by its
capacity to produce plant biomass.

Most animals are simple predators that are content with obtaining their
food by force from the wild species of plants and animals that they exploit.
Some among them, however, provide a service for the exploited species. The
bee, for example, transports the pollen it gathers from the flower, thereby facil-
itating its fertilization. But curiously, millions of years before the present, evo-
lution produced several species of ants and termites that cultivate fungi or raise
aphids. These are domestic fungi and aphids that the ants and termites exploit
intensely through the constant work of managing the environment by multiply-
ing the populations and promoting their development.

Humans are a much more recent species and not born to be farmers or
stock-breeders, unlike these ants and termites. They became so after hundreds
of millions of years of hominization, that is, biological, technical, and cultural
evolution. It was only in the Neolithic era, less than 10,000 years ago, that
humans began to cultivate plants and breed animals that they themselves had
domesticated. Subsequently, they introduced these plants and animals into all
sorts of environments, where they endeavored to propagate them. In this man-
ner, the original natural ecosystems were transformed into cultivated ecosys-
tems, fabricated and exploited by human care and attention. Since then, human
agriculture has conquered the world: it has become the principal factor in the
transformation of the ecosphere, and its gains in production and productivity
have respectively influenced the increase in the number of people and the devel-
opment of social groups which do not produce their own food.

Our intention in this chapter is to situate agriculture in the evolution of life
and in the history of humanity. More exactly, we aim to respond to three essen-

tial questions:

— What is agriculture as a particular relation between living species?

— At what moment in the process of hominization did humans become
farmers and why?

— Since then, what is the role played by agriculture in the historical devel-
opment of humanity?
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Compared to our own views on the concept of agrarian system and on the
relation between agriculture and history, the rudiments of ecology, paleontol-
ogy, soil science, and history presented here do not claim to teach anything to
the specialists of each of these sciences. May they pardon us for having so
outrageously diminished their knowledge. Our intention is simply to present
in as concise and intelligible a manner as possible the essence of what one
should know in order to respond to the questions we just posed and under-
stand the rest of this book.

1. LIFE, EVOLUTION, AND AGRICULTURE

It is useful to present briefly some concepts from ecology in order to understand
the nature of agriculture as a relationship between an exploiting species and one

or several exploited species existing in a cultivated, human-made ecosystem.

Limiting Factor and Ecological Valence

All living beings find in the environment the resources necessary for their mate-
rial existence: space, habitat, food, and the possibility to throw away waste
materials derived from their life functions. Resources in any given environment
are limited. Thus, there necessarily appears at one time or other conflict
between the growing needs of a species that is multiplying within a given envi-
ronment and the limited resources of this environment. When the population
density becomes too great, when the quantities of water, minerals, pastures, or
prey available at a particular critical period are totally consumed or become too
scarce to remain easily accessible, then the growth of this population is blocked.
The same thing happens when the waste material thrown away by a particular
species encumbers the sites they occupy, diminishing or polluting its sources of
provisions. The element of the environment that determines the maximum den-
sity the population of a species can attain over the long term at a given site is
called the limiting factor. Of course, limiting factors vary from one species to
another and vary from one environment to another for the same species.

In certain environments, a particular limiting factor for the development of a
species (temperature, rainfall, food) can be found below a threshold of mini-
mum tolerance or above a threshold of maximum tolerance, on the basis of
which the development of this species becomes impossible. The level of this
threshold varies according to species and their tolerance with respect to charac-
teristics of the environment. The higher animals, humans, and certain domestic
animals in particular, are very tolerant in relation to their environment. Their

capacity to populate varied environments, that is, their ecological valence, is
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higher and their area of geographical extension is vast. On the other hand, some
species demand very narrowly defined and rarely realized environmental condi-
tions. Hence they are not widely dispersed and their ecological valence is weak.

The term “ecological valence” will be used here in a larger sense. It will des-
ignate not only the ability of a species to occupy varied environments, but also its
capacity to populate them more or less densely. In this sense, the ecological
valence of a species designates its potential for development: it is measured not
only by the geographical extent of the species’ distribution but also by the maxi-
mum population density it can attain at the peak of its development.

Competition, Exploitation, Symbiosis

Often, two or more species struggle over the same resources. The opposition
between the population of each species and the limitations of the environment is
coupled with an opposition between the populations of each species in competi-
tion for the same resources. This competition, whether or not it involves an open
struggle between competing populations, leads to their coexistence, within certain
parameters, or to the elimination of one or several species.

One species can also exploit another, which acts as support, pasture, or
prey for it. This exploitation can harm the development of the exploited
species but, conversely, the development of the exploiting species can be con-
ditioned by that of the exploited species. Such is the case when the latter forms
an irreplaceable resource for the former. For example, a population of pandas
is limited by the population of bamboos upon which it feeds exclusively.

Sometimes there exists between two species a reciprocal and necessary rela-
tion of exploitation, a relation that can be considered mutually beneficial to
those species. Such a situation is called mutualism or symbiosis. For example,
the nitrogen binding bacteria lodged in the bulges (or nodules) of the roots of
leguminous plants contribute to supplying those plants with nitrogen. Rumi-
nants and horses harbor bacteria in their intestines that facilitate the digestion
of the cellulose materials essential in their dietary regime. Certain plants can

only be pollinated by insects that gather the pollen.

Labor, Fabrication of the Environment,
Agriculture, and Breeding

Some species transform the environment where they live to make it more
accommodating and increase the available resources for their own use. They
thereby increase their own ecological valence. Numerous animals build nests,

shelters, and even an artificial environment (e.g., the collective urbanism of
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beavers, bees, termites, ants) that is necessary for their development. This trans-
formation, this fabrication of the environment, is the product of a labor that is
not, as is sometimes said, unique to the human species.

Moreover, some animal species go beyond the exploitation of other
species by simple predation. They are devoted to transforming the environ-
ment in such a way as to create fabricated conditions of life that favor the
development of the species they exploit. These exploited species, which
could hardly develop without the support of the exploiting species, are called
domestic. Some species of ants and termites cultivate mushrooms, which they
eat. Other species of ants raise aphids whose honeydew they consume. In
order better to understand the nature of the relations between cultivating or
breeding species and domestic species, a quick analysis of the manner in
which some ants manage their environment and organize the life of the
species they exploit is not without interest.

The origin of ants goes back some 180 million years and evolution has pro-
duced around 18,000 species with different anatomies and modes of life. The
oldest forms are generally insectivores, the forms from the middle period of evo-
lution are omnivores, and the later forms practice specialized dietary regimes.
By forcing the analysis a little, one could say that after the hunter nomadism of
the early forms, a sedentary mode of life with the gathering of food appeared.
Developing this metaphor, one could say that about a hundred of these species

practice agriculture and breeding.!

The Cultivator Ants

Several species of tropical American ants live in association with a particular
species of domestic fungus. These ants manage the environment by con-
structing nests, galleries, and caves for the fungi. Among some species, the
galleries go down several meters in depth and emerge into rooms with flat
floors and vaulted roofs, sometimes as long as 1 meter and as wide as 30 cen-
timeters, where the mushroom gardens are set up. In the heart of this layout,
the immense central nest is sometimes linked up with several dozen small
satellite nests within a radius of 200 meters. These ants also build a trans-
portation infrastructure, a radiating network of trails made of built-up earth,
several dozen meters long, 1 to 2 centimeters wide and set up for double cir-
culation: one column of ants leaves for the harvest, while another returns to
the nest with its cargo.

In order to multiply the mushrooms they eat, these ants methodically prac-
tice a whole series of cultivation processes. They prepare a bed for cultivation by

collecting diverse organic debris (pieces of leaves, wood, roots, or tubers) from
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the outside which they tear up, grind, and fashion into mushroom beds. They
plant fragments of cultivated mushrooms in these beds and systematically elimi-
nate any other species of mushroom that begins to develop. Finally they regular-
ly cut the filaments of mycelium, which prevents the fructification of the mush-
rooms and causes the formation of bulges, the mycotetes, which is what they
exclusively eat. The social division of labor is well defined. The largest individu-
als guard the entrances to the nest and rarely leave those positions. The midsized
individuals go outside the nest to harvest the plant debris, which they break up
and mix into pellets. The smallest individuals maintain the mushroom gardens,
feed the young larva and leave the nest only at the end of their lives. But this
apparently well-regulated division of labor does not prevent some individuals
from being undisciplined or even lazy. In exchange for all of the work involved in
fabricating the environment and caring for the mushrooms in order to facilitate
their multiplication, the ants receive abundant food, which can support the

needs of hundreds of millions of them.

The Breeder Ants

Other species of ants live in association with a species of aphid, or mealybug,.
This partnership is a true form of breeding. In order to protect the aphids that
they exploit, the breeder ants dig caves and lay out shelters in the ground or in a
sort of carton, which are eventually linked up by galleries. The individuals in
charge of guarding the shelters ward off the aphids’ predators and tear the
wings of those that attempt to escape.

Among some species, the breeding is done by permanent underground
stabling. The aphids are placed in chambers dug out around the roots of
plants, where they can directly take the sap they feed on. Among other
species, the breeding is done in the open air and the ants organize the food
for the aphids by transporting them to better pasturage, namely to still-grow-
ing, young shoots. The reproduction of the aphids is carried out in good con-
ditions, because the reproducing females are kept in underground chambers
where the eggs are sheltered during the winter. The ants eat the aphids’ hon-
eydew, their excrement, which is rich in sugars and other organic molecules
derived from the sap of the plants they have ingested. To accomplish this, the
ants rub the abdomens of the aphids with their antennae, stimulating them to
excrete their honeydew.

The species of aphids raised by the ants are different from wild species. These
are true domestic species whose wild ancestors are unknown. But one can assume
that each species of domestic aphid is the result of a coevolution that simultane-

ously produced the species of breeder ant with which it is associated.
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Agriculture and Breeding

The relationship between these ants and the mushrooms or aphids is not a
pure and simple one of exploitation. The ants act upon the environment and
on the mode of life of the domestic species they eat. They work to favor their
development and protect them. They thus increase the ecological valence of
the species they exploit and, as a result, extend the nutritional limits of their
own development.

Increasing the ecological valence of the exploited species in order to
increase that of the exploiting species is the basic logic governing the particular
relations between species that characterize agriculture and breeding. Cultivat-
ing or breeding a species, far from marking the end of its exploitation, is only,
on the contrary, the extension and intensification of this exploitation by other
means. Agriculture and breeding are thus elaborated forms of mutualism, but a
dissymmetric mutualism in which the development of the exploited species is
controlled by the labor of the exploiting species and the development of the

exploiting species is, in turn, conditioned by that of the exploited species.

2. HOMINIZATION AND AGRICULTURE

Homo sapiens sapiens, current or modern humans, thinking and knowing
humans, is a very recent species among the thousands that evolution has pro-
duced in 3.5 billion years. This species appeared on earth only some 50,000
or 200,000 years ago, according to different authors. It then rapidly spread to
all the continents and, since about 10,000 years ago, it has practiced agricul-
ture and animal breeding, thereby completely changing most of the planet’s
ecosystems.

However, humanity as a product of evolution is not endowed with special-
ized anatomical tools nor a genetically programmed mode of life that would,
from the start, enable it to exercise a strong effect on the outside environment.
Deprived of pincers, hooks, stingers, fangs, tusks, serrated teeth, hooves, or
claws, a human being instead has hands which, even if they are the most flexi-
ble and versatile of tool-holders, are in themselves only a weak tool and a feeble
weapon. Slow moving, bad climbers, poorly protected, essential and fragile
parts of their anatomy exposed because of an upright posture, endowed with
or rather afflicted with a weak capacity for reproduction and a belated maturi-
ty, humans are naked and defenseless beings who had at the outset a much
poorer ecological valence than usually thought. They could barely survive by
collecting plant products or capturing the most accessible animals in environ-

ments that were either benign or protected. Knowing little, poor in instincts,
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but immensely educable, their principal asset resided in the variety of dietary
regimes and modes of life that could suit them. Humans are eclectic, omnivo-
rous, and adaptable; such are their primary advantages.

According to the most commonly accepted theory, the current human
species 1s the unique and latest representative of the evolutionary branch of
hominids, which separated from other primates 6 to 7 million years ago. This
branch successively engendered the Australopithecines, then Homo habailis,
Homo erectus, and finally Homo sapiens. But opinions diverge concerning the
more precise origin of Homo sapiens. According to one hypothesis, Homo
sapiens appeared in Europe a hundred thousand years ago, in the form of a
subspecies, Homo sapiens neandertalensis, the Neanderthals. Another human
subspecies then appeared in the Middle East around 50,000 years ago, Homo
sapiens sapiens, current or modern humanity.2 According to a more recent
hypothesis, Homo sapiens and Homo neandertalensis are two distinct species
directly descending from Homo erectus. Homo sapiens appeared in southern
Africa 200,000 years ago and then spread to the Middle East around 50,000
years ago. There, Homo sapiens encountered Homo neandertalensis, another
species which itself had appeared in Europe 100,000 years ago and which dis-
appeared 35,000 years ago for unknown reasons.>

One has to wonder how the different hominid populations that succeeded one
another, from the Australopithecines to Homo sapiens, could increase their eco-
logical valence to the point of conquering the entire earth and multiplying their

numbers to millions then billions of individuals.

The Australopithecines

The Australopithecines occupied East Africa from 6.5 to 1.5 million years
before the present. But these “apes of the south”—such is the etymology of the
word Australopithecine—were very different from modern humans. Of medium
height, their cranial capacity was around 500 cubic centimeters, one-third that
of a modern human, and they were imperfectly bipedal. Several species of Aus-
tralopithecines were vegetarian. Other Australopithecines, such as Australop-
tthecus afarensis (the species represented by the famous Lucy), one of the sup-
posed ancestors to the genus Homo, were omnivores. They lived by gathering
and supplemented their diet in the dry season by hunting small mammals, rep-
tiles, insects, etc. They possibly used stones and sticks for this purpose.
Should we attribute to them the very first stones intentionally broken to give
them a cutting edge? Some researchers think so. In any case, it seems that the
Australopithecines remained animals without any true technical and cultural

history throughout the 5 million years of their existence.



36 A HISTORY OF WORLD AGRICULTURE

Homo habilis and Homo erectus

Contrary to the Australopithecines, who do not belong to the genus Homo,
there are two old and long-vanished species which do belong to this genus.
However, they, too, are very different from current humans.

The first of these species, though it is sometimes contested, is Homo habulis,
“clever human,” whose traces, found in eastern and southern Africa, date back g
million years. The cranial capacity varies between 500 and 800 cubic centimeters
and the remains of teeth attest to an omnivorous dietary regime. The first inten-
tionally fabricated tools, 1.e., purposely worked stones, have been attributed to this
species. These stones, chosen for their size and form, were transformed in the most
elementary way possible: they were broken by percussion in order to form a sharp
edge for use in fracturing, cutting, and scraping. When these stones were cut, the
resulting fragments of various types were also used as knives, scrapers, etc.”

The second of these species, Homo erectus, “upright human,” is attested
between 1.7 million and 200,000 years before the present. It is probable, how-
ever, that this species lasted much later. The Homo erectus species was not
human as we understand it today. Cranial capacity was around 1,000 cubic
centimeters, double that of the Australopithecines, but only two-thirds that of
current humans. Skull bones show evidence of very few convolutions in the
brain, and thus a relatively reduced amount of gray matter. The vocal appara-
tus, similar to that of a newborn human today, would undoubtedly not have
enabled them to make use of a truly articulated language. Besides, members of
this species are sometimes called Pithecanthropes, i.e., “ape-men.”

Homo erectus appeared in East Africa 1.7 million years ago. Then, begin-
ning about 1.5 million years ago, they occupied most of Africa and colonized
large parts of Europe and Asia. Adapted to hot and temperate climates, they
could not venture into the cold plains in the northern part of the old world and
thus could not reach America from the eastern extremity of Siberia. Even
though they occupied Indonesia, then connected to the continent, they could
not reach Australia nor Oceania, because they had no knowledge of naviga-
tion. However, their colonization, despite its limits and slowness, extended
much further than that of the Australopithecines and Homo habilis.

In Eurasia, Homo erectus was confronted with very long periods of glaciation
(from 1.2 million to 700,000 years, from 600,000 to 300,000 years and from
250,000 to 120,000 years before the present) and lived in grottos and caverns.
Undoubtedly, they began to use fire, the first traces of which date back nearly
500,000 years, but its use was not widespread during this epoch. It is assumed
that the fire they used was of natural origin (fires, lightning, swamp fires) and
that, even if they knew how to preserve it, they did not know how to produce it.
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From the very beginning, Homo erectus fractured stones and nodules of
flint by removing fragments from one face in order to fabricate tools with one
or two sharp edges (one at each end). These were simple or double monofaced
chopping knives. One million years later, around 700,000 years before the
present, the first tools cut on two faces appeared in Europe and Africa: the
bifaces. In Southeast Asia, superficially worked stones and the monofaced
tools lasted a long time, and it was thought for many years that this part of the
world did not have bifaced tools. But recent discoveries, though still few in
number, show that this region also had such tools, undoubtedly later than else-
where.% At the beginning, the bifaces were crude and their profile sinuous.
The stone that served as the primary material for the tool was not cut on every
surface. But beginning 250,000 years before the present, the bifaces were more
finely cut, thanks to more and more elaborate cutting techniques. Perhaps
Homo erectus even invented the effective method of cutting the stone called
Levalloisian debitage. Until then, the final form of a tool was obtained by suc-
cessive touching up of a stone chosen for that purpose, while with Levalloisian
debitage, a type of rough biface was cut first, then well-defined fragments were
cut into various shapes. Each of these fragments, in turn, was fabricated into a
particular tool: point, scraper, knife, chisel, leather knife, etc. Yet it could be
that these sophisticated industries should be attributed to the precursors of
Homo sapiens (pre-Neanderthalian or pre-sapiens).

Little 1s known about the social organization of Homo erectus. It seems, how-
ever, that beginning 400,000 years before the present, maybe even before, the
hunt for large, isolated mammals (elephant, bear, rhinoceros) led them to organ-
ize hunting groups of five or six, each group corresponding to a community of a
few dozen individuals. These generally mobile groups established more or less
lasting encampments, and perhaps built some rudimentary shelters.

Thus, contrary to the Australopithecines, Homo habilis and Homo erectus
had a true technical and cultural history, which led from simple stone-chopping
tools to specialized bifaces, from simple predation to organized hunts of large
game, from nomadism to the occupation of grottos and the establishment of
homes. Moreover, it is assumed that they developed a minimal language for
communication. Their technical history corresponds to the Old Stone Age,
which is the longest period of prehistory.

Homo sapiens neandertalensus

The oldest Neanderthal fossils, discovered in Israel, date back some 120,000
years and the most recent date to around 35,000 years. Over thousands of years,

these humans lived as nomads and hunted in the forests and on the tundras of
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Eurasia. Although their cranial capacity was the same size as that of modern
humans, which varies between 1,000 and 2,000 cubic centimeters, Neanderthals
have clearly distinct morphological characteristics: a muzzle face, prominent
forehead, receding chin, and a high larynx, which would have prevented them
from pronouncing certain articulated sounds.

Middle Stone Age techniques are generally attributed to the Neanderthals, but
recent discoveries give rise to the thought that certain techniques long considered
as characteristic of Homo sapiens sapiens (Cro-Magnon man) were also known to
the Neanderthals. Stone tools formed by percussion remained predominant dur-
ing this whole period, but were differentiated and specialized thanks to the prac-
tice of Levalloisian debitage, a cutting technique which, as we have seen above,
perhaps began at the time of Homo erectus and is the basis for the subsequent evo-
lution in the methods for fabricating flaked stone. Bone work remained crude, as
in the Old Stone Age, but the use of fire was generalized, which tends to prove
that its production had been mastered. Large organized, collective hunts to drive
entire herds toward natural traps seem to have begun in this epoch.

The discovery of traces and fragments of coloring give rise to the thought
that the Neanderthals were familiar with artistic preoccupations, as suggested,
in addition, by the discovery of ornaments made from collections of teeth,
shells, and precious stones. However, no obvious artistic production is known
to exist. On the other hand, the first individual or collective sepulchers in
organized funerary sites should be attributed to them.

Homo sapiens sapiens

By comparison, Homo sapiens sapiens made very rapid and varied technical
progress. The first period of its history, the later Paleolithic, which extended
from 40,000 to 11,000 years before the present, saw a profusion of new inven-
tions. Hard stone tools were more and more finely flaked, by percussion but
also by pressure and sometimes even after preliminary heating. They were also
increasingly varied and specialized. Different types of chisels, drills, scrapers,
knives, leather knives, axes, oil lamps, etc. were made. Thanks to progress in
flaking techniques, the yield from these manufactures grew: up to 17 meters of
useable cutting edges per kilogram of stone were obtained, as opposed to only 4
meters from Neanderthal techniques and 0.6 meters for all the first bifaces of
Homo erectus.” To the tools and weapons intended for immediate use were
added specialized tools intended for the manufacture of other tools. In addition
to simple tools and weapons, there were tools and weapons composed of two or
more parts made of stone, bone or wood. Bone and ivory work, rudimentary up
until then, developed rapidly and supplied harpoons, awls, forks, throwing
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sticks, arrow straighteners, and needles. Woodwork, which has left fewer traces,
was undoubtedly considerably developed as well. The manufactured objects
were carefully finished and sometimes even finely decorated.

This new equipment allowed humans to hunt new species of large and
small game, develop fishing, more effectively harvest certain vegetable prod-
ucts, build artificial shelters, and hence occupy and exploit new environments.
The collective hunt assumed great importance. It brought together dozens of
beaters (including women and children) who rounded up entire herds of ani-
mals (reindeer, horses, bison, aurochs) in order to push them either toward
natural obstacles (cliffs, rocky dead ends) or artificial traps (stockades, trap
doors, ambushes). Homo sapiens sapiens thus rapidly conquered the whole
area occupied by the Neanderthals. Then they moved beyond that by settling
in Japan, Australia, and some islands, due to their knowledge of navigation.
Finally, they penetrated into America via eastern Siberia and Alaska. Thus,
20,000 years ago, humans were already present on all land above water level,
except for the two icecaps, high altitude areas, and certain islands.

A fantastic profusion of objects and representations without immediate utili-
ty emerged with Homo sapiens sapiens. It is as if the creative faculties of the
species surpassed its material needs and could respond to all sorts of transcen-
dent aspirations, whether aesthetic, symbolic, or memorial. This surplus of cre-
ativity is apparent from the paintings and engravings on the walls of some grot-
tos, the ornamentation of objects for everyday use such as weapons, tools, and
diverse costumes, and the fabrication of art objects such as statuettes, small bas-
reliefs, carved stones, and disks and sticks carved from bone or ivory. The
motifs represent animals and hunting scenes above all, more rarely human sub-
jects. The Chauvet cave paintings, discovered in 1994 in Ardéche in southern
France, are truly so expressive, so contemporary, and in fact so obviously mod-
ern that it is hard to believe they date back 30,000 years. And if these paintings
affect us so, it is because, through them, the Homo sapiens sapiens of that epoch

so brilliantly express their affinity with us.

The End of the Paleolithic: Differentiation of Modes
of Predation and Specialization of Tools

Between 16,000 and 12,000 years before the present, the whole planet was once
again in the grip of large ecological disruptions. The climate became warmer, the
polar icecaps partially melted and the billions of cubic meters of water thus
released caused the sea level to rise by several meters. From the polar icecaps to

the equator, the continents were covered by new plant formations:
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— tundra, taiga, mixed forests of conifers and broad-leaved trees
in the cold regions

— forests of trees that lose their leaves in winter in the cold temperate regions

— oceanic moors and continental prairies

— evergreen forests in the hot temperate and Mediterranean regions

— sparse forests, wooded savannas and steppes in the Sahara region
(where desertification dates back less than 10,000 years)

— tropical forests of trees that lose their leaves in the dry season

— dense and evergreen equatorial forests.

Humans adapted themselves to these new ecological conditions by implement-
ing new forms of predation. The means for hunting large animals were again
improved thanks to weapons, traps, and large collective beats. In fact, the effec-
tiveness of hunting intensified to such a point that some species were consider-
ably reduced, such as the horse and bison in Europe, or even vanished, such as
the mammoth in the north and the rhinoceros in the south. Towards 12,000
years before the present, humans began hunting non-herd game, middle-sized
game (elk, stags, roe deer, gazelles, wild boars, donkeys) and small game (rab-
bits, birds), as well as fishing and gathering mollusks (snails, oysters, limpets),
which left enormous piles of shells in some places. In zones rich in wild cereals
and legumes, the consumption of grains took on real importance.

These new modes of predation were remarkably differentiated between
regions. To each mode a whole set of specific tools and weapons correspond-
ed, which made possible the exploitation of the resources belonging to a given
environment. Most often, hunters, fishers, and gatherers moved from encamp-
ment to encampment, after having exhausted the resources in the vicinity.
Sometimes, in particularly privileged places, rich in conservable plant products
(seeds, dried fruits) or in continually replenished animal products (necessary
crossing points for migratory birds or other game, shores of seas, lakes, and
rivers rich in fish), resources were so abundant that it was possible for large
groups to settle for a whole season, and even to settle permanently, thanks to the
progress made in conservation processes (drying, smoking, cold, silos).

This relatively short period at the end of the flaked stone era is called the
Mesolithic. Systems of predation were differentiated and specialized tools
abounded. Compound tools multiplied, some formed from a wooden or bone
support into which very small flaked stones called “microliths” were inserted.
With the microliths, Homo sapiens sapiens obtained 100 meters of useable cutting
edge per 1 kilogram of stone.® Humans had thus nearly attained the limits of their
present living area, which extends from the southern point of the South American

continent, where the now vanished Frigian people lived, to the Arctic polar
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Figure 1.4 Schematic map of “original” plant formations 10,000 years ago
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regions where the Eskimos live and up to 5,000 meters above sea level in the high
valleys of the mountains of Central Asia and the Andes.

Hominization: A Biological and Cultural Evolution

The preceding analysis shows that hominization, the evolution from the Aus-
tralopithecines to Homo sapiens sapiens, was a complex transformation, simul-
taneously biological and cultural, which accelerated as it progressed. While the
progress accomplished by Homo habilis is insignificant, that realized by Homo
erectus in 1.5 million years is more notable. However, the latter appears less
important in comparison with that achieved by Homo sapiens neandertalensus
in 100,000 years. But ultimately it is with Homo sapiens sapiens during the last
40,000 years that a veritable technical and cultural explosion took place.

Undoubtedly, the growth in the volume and convolutions of the brain influ-
enced this profusion in creativity, just as the development of the larynx and of
articulated language facilitated technical and cultural exchanges. Inversely,
progress in tool making and in cultivation certainly influenced the biological
evolution of the hominids. Throughout the process of hominization, each new
generation developed on the basis of technical and cultural ground enriched by
previous generations, so that the biological precursors of a new species of
hominids were dependent on the technical and cultural heritage coming from
the preceding species. Of course, one could hypothesize that each new species
was created independently from preceding species, and that it was capable of
reproducing all at once the entire history of technique produced by the latter.

But if one sticks to the evolutionary hypothesis, then one should admit that
there is no biological, social, or cultural rupture between one species and the
next. The movement from one human type to the next is the product of a dou-
ble cooperation: a sexual cooperation, which ensures the diffusion of advanta-
geous mutations, and a technical and cultural cooperation, which guarantees
the transmission of acquired knowledge and know-how.

One can then conceive of hominization as the process of the emergence and
replacement of one human type by a succeeding type, the later one always pos-
sessing more efficacious biological capacities and technical and cultural
resources. The latest, Homo sapiens sapiens, clearly has an ecological valence,
L.e., an ability to conquer and populate the world, which is superior to that of
its predecessors. That does not mean, however, that it is necessary to consider
modern humans as the victors in some sort of struggle for life, understood as
an incessant fight among unequally evolved populations in which the most
advanced would eliminate at each moment the most backward. Rather,

hominization appears as the result of labor: generation after generation,
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hominid populations multiplied efforts to provide themselves with the means
to exploit different environments more intensely and broadly. Some of them
succeeded in conquering larger amounts of territory and increasing their num-
bers more than others, such that, after a certain period of time, they could
absorb the “backward” minorities biologically and culturally. In this sense,
very different from the “struggle for life” mentioned above, hominization can
be considered as the result of an incessant activity of the species for survival,
expansion, and multiplication, i.e., to increase its ecological valence. That
being said, it certainly does not exclude the possibility that the biological and
technical advantages acquired at a given moment by a more numerous and bet-
ter-equipped population could have been used to suppress and diminish the
less evolved populations gradually.

Hominization is thus simultaneously an evolution and a history. The bio-
logical progress of a species conditions its later technical and cultural
advances, though, in turn, the technical and cultural heritage of a species forms
a humanized environment, historically constituted, that conditions its future
biological evolution. Thus from one species of hominid to the next, the growth
of its population and enrichment of its technical and cultural baggage multiply
the possibilities for innovations, which appear more and more quickly and are

concentrated toward the end of each species’ period of existence.

The Neolithic and the Appearance of Agriculture
and Animal Breeding

Around 12,000 years before the present, a new technique for making tools began
to develop: polishing stone. This new technique opened the last period of pre-
history, the Neolithic, which lasted until the appearance of writing and metallur-
gy. In addition to the axes and adzes that could be made by polishing all sorts of
hard stones and sharpening them several times, this epoch is marked by other
innovations, such as the construction of long-lasting dwellings, terra-cotta pot-
tery, and the first developments of agriculture and animal breeding,.

Between 10,000 and 5,000 years before the present, some of these Neolithic
societies had begun to sow plants and to keep animals in captivity for the pur-
pose of increasing their numbers and using products derived from them. Con-
sequently, after some time, these specially chosen and exploited plants and ani-
mals were domesticated. By doing this, these societies of predators transformed
themselves gradually into societies of cultivators and breeders. After that, these
societies developed the domesticated species and introduced them into most of
the planet’s ecosystems, thereby transforming the latter, through their labor,

into cultivated, human-made ecosystems, increasingly different from the
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original natural ones. This change from predation to agriculture, in other
words, the Neolithic agricultural revolution, was undoubtedly, as V. G. Childe
emphasized, “the first revolution which transformed the human economy.”?

From the beginning, human agriculture is thus very different from that of
ants or termites. Each species of cultivating or breeding ant or termite is asso-
ciated with only one domestic species, which they raise or cultivate always in
the same manner with the aid of anatomical tools (mandibles and forelegs) and
according to a nearly immutable social organization. These cultivating or
breeding species are directly produced by evolution, while humans are not
born farmers. When they first appeared, humans of the Homo sapiens sapiens
species were hunter-gatherers. When they began to practice cultivation and
animal breeding, they did not find any species already domesticated in nature,
nevertheless they domesticated a large number. They did not possess anatomi-
cal tools adapted to agricultural work, but they fabricated all sorts of increas-
ingly powerful tools. Finally, no innate or revealed knowledge laid out for
humans the art and manner of practicing agriculture, thanks to which they
could freely develop extraordinarily varied systems of agriculture and animal
breeding, adapted to different environments of the planet and changing with
their needs and equipment.

Each form of cultivation and breeding practiced by ants and termites rests
on the exploitation of one species according to a unique mode of organization
and functioning, while human forms of agriculture rest on the combined
exploitation of several species according to diverse modes of organization and
functioning. This diversity is due to the fact that, contrary to ant or termite
societies, human societies of farmers and animal breeders are not the relatively
stable product of evolution of the species but are the changing product, over

time and according to place, of a never-ending history.

3. THE CONCEPT OF AGRARIAN SYSTEMS

As we indicated at the beginning of this book, the theory of agrarian systems is an
intellectual tool that enables us to comprehend the complexity of each form of
agriculture and to explain in broad terms the historical transformations and geo-
graphical differentiation of human agricultures. In order to understand what an
agrarian system 1s, it is necessary first to distinguish, on the one hand, agriculture
as it is effectively practiced and can be observed, which constitutes a real object of
knowledge, and on the other hand, what the observer thinks of this real object and
says about it, which constitutes an ensemble of abstract knowledges that can be
methodically elaborated in order to construct a true conceptualized object, or the-

oretical object of knowledge and reflection.
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Complexity and Variety of the Observable Forms of Agriculture

Agriculture as observed in a given place and time appears first as a complex eco-
logical and economic object, composed of a cultivated environment and of a group
of related agricultural production units (or farms) that maintain and exploit the fer-
tility of this environment. Looking further, one can also observe that the forms of
agriculture practiced at one given moment vary from one locality to another. And if
one were to observe a given place over a long period of time, one would note that
the form of agriculture practiced there changes from one epoch to another.

In other words, agriculture appears as an ensemble of local forms, variable in
space and time, as diverse as the observations themselves. Sometimes, despite
this diversity, one also observes that local forms of agriculture practiced in a
given region and epoch are enough alike to be compared and classed in the same
category. But if one extends the observations even further and for a longer period
of time, one discerns very different forms of agriculture that should be classed in
other categories. Thus by degrees, one discovers that the presently observable
multiple forms of agriculture and earlier identifiable multiple forms of agriculture
can be classed in a finite number of categories, each category occupying a deter-
minate place in time and space, in the same way that one classes other changing
objects such as living beings, soils, plant populations, etc.

The observable forms of agriculture appear, as we have said, as complex
objects that can nevertheless be analyzed and conceived in terms of a system.
To analyze and conceive a complex object in terms of a system, it is first neces-
sary to delimit it, 1.e., trace a virtual frontier between this object and the rest of
the world, and consider it as a whole, composed of hierarchical and subsys-
tems. For example, the anatomy of a higher living being is conceived as a system
(or organism) composed of skeletal, muscular, circulatory, respiratory subsys-
tems. Each of these subsystems can be broken down into organs, each organ
nto tissues, each tissue into cells, etc.

To analyze and conceive of a complex and living object in terms of a system,
it is also necessary to consider its functioning as a combination of interdepend-
ent and complementary functions, which ensure both internal circulation and
external exchanges of matter, energy, and, if it is a question of an economic
object, value. For example, the functioning of a higher living being is conceived
as an ensemble of digestive, circulatory, respiratory, reproductive functions, etc.,
which contribute to the renewal of the organism. Thus, to analyze and conceive
of agriculture practiced at a given time and place in terms of an agrarian system
consists of breaking it down into two principal subsystems, cultivated ecosystem
and social productive system, studying the organization and the functioning of

each of these subsystems, and studying their interrelations.
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The Cultivated Ecosystem and Its Renewal

The cultivated ecosystem has a structure composed of several complementary
and proportionate subsystems. These include gardens, plowable lands, mead-
ows for mowing, pastures, and forests. Each of these subsystems is organized,
maintained, and exploited in a particular manner, and contributes its part in sat-
1sfying the needs of domestic animals and humans. Each subsystem in turn can
be split up into parts. Plowable lands, for example, are composed of several
areas established on different terrains. Each area is composed of several plots
(fallow lands, winter wheat, spring wheat), themselves composed of parcels.
The system of animal breeding is composed of herds of different species
(bovines, ovines, porcines, etc.). Each herd can be organized into units man-
aged separately (milk cows, breeding of calves, bull-calves, heifers, etc.).

A cultivated ecosystem is also renewed. This activity can itself be broken
down into several functions. These include the function of clearing and sup-
pressing wild vegetation (slash-and-burn, plowing, either manually or with a
plow, hoeing, weed-killer treatment) and the function of renewing the fertility
(allowing the land to lie fallow for a long period of time, adding animal excre-
ment, manure, mineral fertilizers). Also included are the management of cultiva-
tion (rotations, technical methods, farming operations) and the management of
herds (reproduction, fodder schedules).

These functions, which ensure the internal circulation of matter and energy
in the cultivated ecosystem, also open the latter to more or less important exter-
nal exchanges with near or distant ecosystems: water supply and drainage, ero-
sion and deposition of sediments by streams and rivers, transfers of fodder and
fertility, and transfers, voluntary or not, of wild or domestic species. Through
these exchanges, the transformations of a cultivated ecosystem can influence
remote ecosystems. For example, the deforestation of a watershed basin can give
rise to floods and sediment deposition in a lower valley. Conversely, an
hydraulic installation in an upper valley can deprive the lower valley of water.
Deforestation of vast continental spaces can bring about the drying up of the
climate in sometimes very remote peripheral regions. An agrarian system can-

not be studied in isolation from these distant exchanges and influences.

The Social Productive System and Its Renewal

The social productive system (or technical, economic, and social system) is
composed of kuman resources (labor power, knowledge, and know-how), inert
resources (productive implements and equipment), and liveng resources (culti-
vated plants and domestic animals). The agricultural population uses these

resources to create and expand the activities involved in renewing and exploit-
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ing the fertility of the cultivated ecosystem, in order to satisfy its own needs
directly (by consumption) or indirectly (by exchanges).

These means of production and productive activities are organized into units
of production. The latter, in turn, are characterized by the type of production
system they practice and by the social category to which they belong. The pro-
duction system of a farm is defined by the combination (the nature and propor-
tions) of its productive activities and its means of production. The social catego-
ry of a farm is defined by the social status of its labor (familial, wage, cooperative,
slave, serf), by the status of the farmer, by its mode of access to the land (free
access to common lands, manorial reserve, serf tenure, quit-rent tenure, cultiva-
tion by the owner, tenant farming, sharecropping) and by the size of the farm.

In a given agrarian system, farms can practice similar production systems
and belong to the same social category. But they can also be very different and
complement one another. For example, in many agrarian systems, farms special-
izing in animal breeding and others specializing in cultivation complement one
another by exploiting different parts of the ecosystem. They then exchange the
resulting products: the former, manure and animal products, and the latter,
grains and other vegetable produce. In systems combining latifundia and mini-
fundia, wage labor for the large farms is provided by a large number of peasant
farms too small to employ fully their own familial labor and fulfill their own
needs. In a similar manner, in medieval Europe the forced labor used on the
manorial estates was provided by the subjugated serfs.

Certainly, one could break down the productive system into as many subsys-
tems as there are units of production or reduce the diversity of units of produc-
tion to a misleading average or divide these units according to an unsystematic
classification, not to say a stupid one (for example, classifying them by surface
area, defined in a purely numerical manner, such as 5 by 5 or 10 by 10 hectares).
By grouping and classifying the farms according to the production system they
practice, then classifying the farms practicing the same production system by
social category, the social productive organization of any agrarian system
appears as a particular combination of a /imited number of types of farms,
defined technically, economically, and socially.

The social production system renews its means of production and its partic-
ular productive activities year by year. To ensure this renewal, each unit of pro-
duction (or, simplifying, each type of production unit) can produce its seeds,
animals, fodder, and some of the tools and other equipment (self-supplying). It
can equally produce a portion of the goods consumed on the farm by the pro-
ducers and their families (self-consumption). But it can also sell all or part of its
products in order to buy most of the consumer and producer goods necessary

for its reproduction.
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The total production of each farm must cover all of its expenses in producer
goods (current expenses and amortization) and consumer goods, whether this
be by self-supplying and self-consumption or by selling its products. Moreover,
the farm’s income must also be used to pay financial obligations of various
kinds: tribute, quitrent, farm rent, taxes, interest on capital, etc. These monies
can be partially reinvested by their beneficiaries in the productive system itself
and thus contribute to its development. But they can also be purely and simply
transferred to the profit of other social spheres and contribute to the impover-

ishment of the agricultural system.

Dynamics of Agrarian Systems

The development of an agrarian system results from the dynamics of its produc-
tion units. We say that there is general development when every type of farm makes
progress, by acquiring new means of production, developing their operations, and
increasing their economic size and income. The development is unequal when
some units grow much quicker than others. It is contradictory when some units
progress while others are in crisis and regress. The crisis of an agrarian system is
general when every type of production unit regresses and tends to disappear.

In some cases, the farms that progress are able to adopt new means of pro-
duction, develop new practices and new systems of cultivation and animal breed-
ing, and thereby engender a new cultivated ecosystem. In that way, a new agrari-
an system emerges. Such a change in an agrarian system is called an agricultural
revolution. In the course of time, agrarian systems in a given region of the world
can be born, develop, decline, and succeed one another in an evolutionary series
characteristic of this region. For example, there are the evolutionary series of
hydraulic agrarian systems in the Nile Valley (systems based on winter crops
grown in flood-water basins, systems of irrigated cultivation at different seasons;
see chapter 4), the evolutionary series of the agrarian systems of the temperate
regions of Europe (systems of slash-and-burn cultivation; systems based on ani-
mal-drawn cultivation with an ard, fallowing, and accompanying animal breed-
ing; systems based on animal-drawn cultivation with a plow, fallowing, and
accompanying animal breeding; systems based on animal-drawn cultivation with
a plow and accompanying animal breeding, but without fallowing; motorized,
mechanized and specialized systems; see chapters 3 and 6 to 10) or the evolu-
tionary series of hydroagrarian systems of the humid tropical regions (chapter 3).

The analysis of the dynamics of agrarian systems in different parts of the
world and at different times allows us to apprehend agriculture’s general move-
ment of transformation in time and differentiation in space and to express it

under the form of a theory of the evolution and differentiation of agrarian sys-
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tems. Analyses and theorizations of the same type have been developed in
response to the need to study other complex, varied, living and evolving objects.
The systematic classification and theory of evolution of living species (Linnaeus,
Darwin), classification and theory of the formation and differentiation of the
main types of soil in different regions (Dokoutchaev), and classification and the-
ory of the relation among languages (Saussure) are all examples.

Thus conceived, each agrarian system is the theoretical expression of a his-
torically constituted and geographically localized type of agriculture, composed
of a characteristic cultivated ecosystem and a specific social production system.
The latter makes the long-term exploitation of the fertility of the corresponding
cultivated ecosystem possible. The production system is characterized by the
types of tools and energy used to prepare the soil of the ecosystem in order to
renew and exploit its fertility. The types of tools and energy used are themselves
conditioned by the division of labor dominant in a society of a particular epoch.

An agrarian system cannot then be analyzed independently of the upstream
activities that provide it with the means of production, any more than it can be
analyzed independently of the utilization of its products by downstream activi-
ties and by consumers. Nor can it be analyzed independently of other agrarian

systems that contribute to satisfying a society’s needs.

Why a Theory?

In the final analysis, the concept of agrarian system is an intellectual tool that
makes it possible to comprehend the complexity of each form of agriculture by
the methodical analysis of its structure and its functioning. This concept also
makes it possible to classify the innumerable agricultural forms identifiable in
the past or observable today in a limited number of systems, each character-
ized by a type of organization and functioning. The theory of the evolution of
agrarian systems is a tool that makes it possible to represent the continual
transformations of agriculture in a region of the world as a succession of dis-
tinct systems, forming a definite historical series. Finally, the theory of the dif-
ferentiation of agrarian systems makes it possible to apprehend and explain in
broad outlines the geographical diversity of agriculture in a given epoch.
These intellectual tools have a heuristic function: they make it possible to
apprehend, analyze, understand, and explain an infinitely complex, extremely
diversified and constantly changing reality. As R. Thom writes in La Rencontre
théorie-expérience, “In order that the nonmathematical verbal description of a
spatio-temporal form be widely accepted, it is necessary that this form be con-
ceptually classified and stabilized. This last condition is essential. If we do not

have the concept corresponding to a form, we are incapable of recognizing this
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form, even of perceiving it. ... Does not the construction of a taxonomy demand a
theory which can make it possible to recognize if two forms are or are not to be
placed under the same concept?”10

But, on the other hand, by methodically explaining the structure and func-
tioning of an agrarian system, a sort of archetype is formed that necessarily pro-
vides a coherent and harmonious image to the corresponding species of agricul-
ture. This archetype, which clarifies the rationality of a particular species of
agriculture in space and time, that is, its reasons for being, expanding and sur-
viving through adaptation, is necessary in order to identify and classify the
observable forms of agriculture belonging to this species and recognize their
particularities and possible failures. However, the conception of a typical agrari-
an system should not lapse into idealization and even less into apology. It

should also entail analysis of the system’s spatial and temporal limits.

Why Concrete Analyses?

The theory of agrarian systems does not exhaust the richness of agrarian history
and geography, and it does not pretend to do so. It is not the sum of the multitude
of accumulated knowledges in these domains. It gives an account of the most
widespread and longest-lasting forms of agriculture. It does not give an account
of the particularities of form nor the fate of each singular agriculture. These par-
ticularities can be known and understood only through observation and concrete
analysis of each agriculture, for which the theory offers a method and a proven
system of reference, but certainly not a preconceived knowledge of reality that can
act as a substitute for observation and analysis. The theory is not dogma.

No more than human anatomy and physiology can exempt a doctor from the art
of examining his/her patient, the theory of agrarian systems does not allow the ana-
lyst to dispense with the observation, investigation, and analysis of each particular
agriculture. Conversely, if the theory of the human body is necessary to give a mean-
ing to the auscultation of a patient and reasonably justify a diagnosis and treatment,
a theory 1s necessary to give meaning to the study of an agriculture and justify pro-

posals for appropriate intervention in reference to it, 1.e., projects and policies.

4. BIOMASS, SOIL, AND FERTILITY

Since humans became farmers, they have fed themselves less and less from
organic matter taken from wild species and more and more from organic matter
coming from domestic species propagated through human care and attention
within all kinds of cultivated ecosystems. But all organic matter thus produced is

not consumable. Important parts of the organic matter coming from domestic



EVOLUTION, AGRICULTURE, HISTORY 53

plants and animals are by-products that are sometimes difficult to use or elimi-
nate (residue from cultivation, animal excrement). Moreover, a cultivated ecosys-
tem is still made up of many wild plants and animals, sometimes useful but often
not, indeed, sometimes even harmful.

The overall fertility of a cultivated ecosystem, which measures its capacity to
produce plant biomass, is much greater than its useful fertility, i.e., its capacity
to produce over a long period of time vegetal organic matter useful to humans
or domestic animals—in other words, harvests. Let’s see how the biomass and

fertility of an ecosystem are formed and renewed.

Production and Destruction of the Biomass

Organic matter, essential constituent of living beings, is first produced by
plants, which then feed, directly or indirectly, all the animals. It originates as a
combination of water, drawn from the soil by the roots, and carbon dioxide
from the air, absorbed by the leaves. This combination is made in the green
parts of the plants, thanks to the radiant energy coming from the solar rays that
is captured by the chlorophyll. This is called photosynthesis and complies
with the following equation:

carbon dioxide + water + photons — sugar + oxygen
in the presence of chlorophyll
or

CO, + H,O (+ light + chlorophyll) — (HCHO) + O,

Thus photosynthesis produces sugars, or glucides, composed of carbon, hydro-
gen, and oxygen. These sugars, which are present in various forms (glucose, sac-
charose, amidon, cellulose), serve as the raw material for the fabrication of most
other organic substances (lipids, proteins, nucleic acids). The latter also are prin-
cipally composed of carbon, hydrogen, and oxygen, but some of them contain
nitrogen, phosphorus, and sulfur. Moreover, four metallic elements (sodium,
potassium, calcium, magnesium), which fulfill various functions indispensable to
life, are frequently associated with organic substances. Finally, twenty other ele-
ments (iron, chlorine, fluorine, boron, bromine, iodine, silicon, aluminum, cop-
per, manganese, zinc, molybdenum, arsenic, vanadium, etc.), present in very small
quantities in living beings, are activators of various biochemical reactions.

Thus plants, which live principally on water and carbon dioxide, also live on
various minerals that they absorb through their roots in the form of salt solutions
from the water in the soil. Water represents about 80 percent of the weight of
plants. It envelops and transports all the other organic and mineral substances

that form the dry matter or biomass in the strict sense of the term. The latter
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represents only around 20 percent of the weight of plants. Part of this water is
used in different reactions of biological synthesis (such as photosynthesis) and
another much larger part is discharged into the atmosphere, in the form of water
vapor, through transpiration.

Humans and animals, whether they consume plants (primary consumers) or
animals (secondary or tertiary consumers), form their own organic substance
from the organic matter initially provided by plants.

Part of the organic matter derived from photosynthesis provides plants them-
selves, as well as animals, with the energy necessary for their subsistence and
reproduction. The origin of this energy is found in the inverse reaction from pho-

tosynthesis, called respiration, which is represented by the following equation:

sugar + oxygen —> carbon dioxide + water + energy
or

(HCHO) + O, — CO, + H,O + energy

As this equation shows, respiration is in fact an oxidation, or combustion, of
sugars. All living beings breathe, and in so doing, they absorb oxygen, burn sug-
ars, and discharge carbon dioxide and water.

Organic substances also serve as matter for plants and animals to build their
own bodies and at death these substances are found in the form of dead organic
matter, or litter, more or less dispersed in the soil. This litter contains above all
carbon, hydrogen, and oxygen, but also contains all the other elements that
nourished the plants and were retained for a time in the living biomass, be it
plant or animal. The litter decomposes by using the oxygen and releasing the
water, carbon dioxide, and mineral salts.

When an ecosystem is in equilibrium, i.e., when the quantity of organic matter
produced each year by photosynthesis is equal to the quantity of organic matter
destroyed by respiration and decomposition of the litter, then the quantities of car-
bon dioxide, water, nitrogen, and various mineral salts, which are absorbed and
stabilized in organic matter, are in principal equal to those released by respiration
and decomposition. In the same way, the quantities of oxygen released by photo-
synthesis are compensated by those used by respiration and decomposition. A sta-
ble ecosystem neither “creates” nor “loses” anything; it recycles everything.

It is different when a part of the dead biomass accumulates without decom-
posing, as in the tundra or peat bogs, or when the living biomass increases.
Then, the ecosystem fixes water, carbon dioxide, nitrogen, and other mineral
elements and releases oxygen. Conversely, when the biomass is destroyed, its
decomposition or combustion returns the water, mineral salts, nitrogen, and

carbon dioxide to the soil or the air by using oxygen.
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Fertility

The overall fertility of an ecosystem is its capacity for long-term production of
plant biomass. The biomass thus produced acts, on the one hand, as compensa-
tion for the losses due to respiration and, on the other hand, as food for animals
and humans. If need be, it also helps to increase the total biomass.

The fertility of an ecosystem depends, in the first place, on temperature
and hours of sunshine, which must be sufficient for the water of the soil to be
absorbed by the roots of the plants, for the sap to rise, and for photosynthesis
and transpiration to take place. Fertility depends in particular on the length of
the vegetative periods, during which these conditions are found together.
Beyond these requirements, fertility depends on the quantity of nutritive mat-
ter (carbon dioxide, water, mineral salts) that the environment can supply to
the plants. Carbon dioxide from the air is not generally lacking, so the growth
of plants during the vegetative periods is essentially conditioned by the pres-
ence of water in the soil and by the richness of the nutritive mineral salts dis-
solved in this water (the soil solution).

In a given climatic zone, the conditions of temperature, hours of sun-
shine, and amount of rain are nearly equal. The possibilities for the plants to
feed on water and mineral salts, hence the fertility of a local ecosystem, vary
according to the physical, chemical, and topographic characteristics of its
geological bedrock. This bedrock largely conditions the volume and the cir-
culation of the soil solution, just as it conditions its mineral richness during
vegetative periods, depending upon whether or not it is easily alterable, rich
or poor in soluble nutritive minerals, and more or less permeable and
uneven. Therefore it conditions the fertility of the place in question. But if
the fertility of the soil is indeed conditioned by the climate and the geomor-
phology (the biotope) of a particular place, it is also conditioned, as we will
see, by the living population (the biocenosis) that develops there. Fertility
depends on the age, the size, the composition and the functioning of this
population. We are going to see how a soil is made, when life develops in it,

and how its fertility is formed and renewed.

The Formation of the Soil

The soil, the superficial part of Earth’s crust, is formed from the decomposition
of its rocky geological bedrock, the parent rock, and from the decomposition of
the litter, the dead organic matter stemming from the living population that

develops in the soil.



56 A HISTORY OF WORLD AGRICULTURE

The Decomposition of the Parent Rock

Under the effect of the action of climatic, chemical, and biological agents (vari-
ations in temperature, water, oxygen, carbon dioxide, soil acids, micro-organ-
i1sms, roots, earthworms, etc.) decomposition is effected first, for compact
rocks, by breaking up into mineral particles. These are classified in terms of
their size into stones, gravels, sands, alluvia (particles that vary in diameter
between 0.20 and 0.002 millimeters) and clays (particles with a diameter
smaller than 0.002 millimeters). The proportions between these different
classes of particles determines the granulometric composition, or texture, of
the soil. This is quite variable. There are coarse soils and fine soils, soils that
are predominantly pebbly, sandy, alluvial, or clay, and all sorts of mixed soils.
The physical properties, the possibilities for agricultural use and fertility are
very different for each type of soil. The texture of a soil evolves slowly. There-
fore it constitutes a rather stable sort of granulometric heritage, which never-
theless is subjected to forms of decomposition consisting of physical transfor-
mations (hydration, swelling), physico-chemical transformations (conversion
of micas into clays), or chemical transformations.

The most important result of all these transformations is, in the end, the
solubility of the parent rock, which gradually releases the mineral salts it con-
tains, in a form that is soluble in the soil’s water and absorbable by the roots.
Hence, most of the mineral salts absorbed and incorporated into the biomass
of a plant population originally come from the solubility of the parent rock,
with the notable exception of nitrogenous salts, which are formed from atmos-
pheric nitrogen. The mineral fertility of a soil is a function of the nature of the
parent rock, which is more or less rich in nutritive elements, and of the extent

of its decomposition.

Fixation of Atmospheric Nitrogen

Atmospheric nitrogen is introduced into the soil in different ways. Electrical
discharges produced by thunderstorms synthesize nitrogen oxide from oxygen
and nitrogen in the atmosphere. Rainwater carries it into the soil, which is con-
sequently enriched with several kilograms of nitrogen, in either nitrous or nitric
form, per hectare per year.

In addition, some bacteria living in the soil, such as those of the genus Azofo-
bacter, synthesize nitrogen compounds directly from atmospheric nitrogen. After
the death of these bacteria, their bodies quickly decompose and mineralize,
enriching the soil with twenty to thirty kilograms of mineral nitrogen, assimilable
by plants, per hectare per year in temperate environments. The same phenome-
non is produced with photosynthetic organisms like the cyanophyceae (blue-
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green algae), which live in partnership with Azolla water fern. In hot and humid
tropical environments, combined cyanophyceae and 4zolla actively fix nitrogen
to such an extent that continual rice growing is made possible.

Finally, nitrogen-fixing microorganisms live in symbiosis with certain plants,
which provide them with organic matter. In return, the microorganisms supply the
plants with nitrogen compounds. The latter return to the soil after the death of the
host plant. Moreover, the soil solution is directly enriched by these nitrogen com-
pounds in the vicinity of the roots. In this manner, bacteria of the genus Rhezobium
penetrate into the roots of leguminous plants, where they cause the formation of
bulges or nodules. These very efficient bacteria can fix more than 100 kilograms
of nitrogen per hectare per year. Other microorganisms, associated with trees

such as alders and casuarinaceae (ironwood trees), also fix atmospheric nitrogen.

The Decomposition of the Litter and Formation of Humus

Before a soil is formed, the parent rock is bare, deprived of all biomass and
directly exposed to the action of climatic agents, which begin to break it down.
The parent rock then constitutes a not very fertile substratum, which can only
be colonized by nitrogen-fixing bacteria and by mosses and lichens that
require few mineral elements. Thanks to these first occupants, a litter begins to
be formed which, while decomposing, helps to feed the soil-in-formation with
nutritive mineral salts. New species of plants, taking root more deeply and
requiring more mineral elements, gradually develop until they constitute, at
the end of several decades or centuries, a fully developed, relatively stable
plant formation called ¢limax and an evolved climactic soil whose litter is regu-
larly fed with organic matter from the bodies and debris of plants and animals.

The decomposition of the litter is a process that occurs very rapidly. Dead
organic matter is transformed into humus under the action of some microorgan-
isms. Then, under the action of other microorganisms, the humus is oxidized
and decomposes, releasing the water, carbon dioxide, and mineral salts it con-
tains. In short, it is mineralized. By doing this, it restores to the soil solution the
minerals that had been absorbed and fixed, for a time, in the biomass.

Humus contains humic acids that accelerate the decomposition of the par-
ent rock and are combined with fine particles of clay to form a clay-humus com-
plex. This complex, which has a great capacity for “adsorption” of basic ions
from water and mineral salts, forms a vast reservoir of nutritive elements that
can be exchanged with those in the soil solution. Moreover, the clay-humus
complex serves as a link, as mortar between soil particles (sands, alluvia). It
binds them into aggregates and lines the interstices (or lacunae) of the soil,
thereby facilitating the circulation of water and air. In brief, it provides a lighter,
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softer structure to the soil, which 1s more favorable to the penetration of roots.
Finally, humus favors the life of microorganisms in the soil, which accelerates

the solubility of the parent rock.

Mugration of the Fine Ingredients

Beyond the decomposition of the parent rock and of dead organic matter, a third
process contributes to the formation of the soil. This process is the migration of
soluble salts, some oxides and acids, and fine particles of clay that is caused by
the circulation of water in the soil. Salts, notably nutritive salts, are carried
toward the bottom by the seepage of water from rainfall and overhead irrigation,
drained completely down to groundwater level, and often lost forever to the local
ecosystem. Fine clays suspended in water are leached, i.e., carried down several
dozen centimeters in depth, where they settle and accumulate. In rainy weather,
this draining and leaching deplete the upper levels of the soil of salts and other
fine components. In dry weather, however, water rises by capillary action to the
upper levels of the soil through evaporation and enriches them.

In regions where at certain periods of the year precipitation is much greater
than evaporation from the soil and transpiration (evaporation) from the leaves sur-
face, the upper levels of the soil are particularly leached and exhausted. This is the
case for the podzols of the cold regions (taiga), humid temperate regions (the
Atlantic moors), and some very wet equatorial regions. In moderately watered
temperate and tropical regions, the soils are more or less leached. In arid regions,
on the contrary, the evaporation and rising of ground water by capillary action can
largely prevail over seepage and drainage. The upper levels of the soil are enriched
with salts which, above a certain level of concentration, can become toxic for vege-
tation and even crystallize to form soil with a superficial saline, gypsum, or chalky
crust. Finally, in continental-type temperate regions, the evaporation and rising of
water by capillary action during the summer, particularly hot and dry summers,
offsets seepage and drainage during the rest of the year. The soils of these regions,
neither leached nor saline, retain all their mineral richness. Such is the case with

the black, or chernozem, soils of central Europe and the Ukraine.!!

The Recycling of Mineral Elements

Once occupied by a plant and animal population, a soil is then doubly supplied
with mineral fertilizers. This happens through the decomposition of the parent
rock and the fixation of atmospheric nitrogen or by the decomposition of the lit-
ter, which restores to the soil the minerals previously absorbed by the vegetation

and fixed for a time in the biomass. However, even the minerals thus recycled
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once or several times originally came from the decomposition of the parent rock
or the fixation of atmospheric nitrogen.

But if a soil is constantly supplied with minerals, it is also subjected to losses of
minerals. In the humid season, as we have seen, part of the salts are carried by rain
and drainage deeply into the groundwater. Or, denitrifying bacteria break down
nitrogenous salts and return the nitrogen to the atmosphere. Finally, in certain cir-
cumstances, soluble salts are “retrograded”; i.e., they are recrystallized to form
insoluble compounds that no longer take part in recycling.

All things considered, over the course of a given period, the fluctuations in
the inflow and outflow of minerals in the soil solution are equilibrated accord-
ing to a sort of balance sheet. On one side are the additions of minerals from
several sources (solubility of the parent rock, fixation of atmospheric nitrogen,
decomposition of the humus and organic manure, additions of chemical fertiliz-
ers) to which it is necessary to add the stock of preexisting minerals. On the
other side are the losses of minerals during the period under consideration
(drainage, denitrification, recrystallization, removal of minerals through harvests
of plant and animal products, and, if need be, the gathering up of animal excre-
ment) and the residual mineral stock.

Note that the mineral materials that are absorbed and incorporated into the
biomass during a given vegetative period are, consequently, removed by losses
due to drainage, denitrification, and recrystallization. If these mineral materials
had not been stored in the biomass, most of them would have been well and
truly lost. Consequently, a portion of the mineral materials restored to the soil
during the decomposition of the litter is a net addition (or more precisely, a
non-loss), which is added to the supplies coming from the solubilization of the
parent rock and the fixation of atmospheric nitrogen. The soil solution is thus
enriched and the plant populations that subsequently develop benefit from this
increased fertility. The quantity of mineral matter recycled increases from sea-
son to season, at least until reaching a climactic maximum. In an analogous
manner, the humus content of the soil can vary over the course of time. This
positive or negative variation results from the balance between the quantity of
humus that the soil receives or which is formed by the decomposition of dead
organic matter of diverse origins (litter and organic manure) and the quantity of
humus that it loses through mineralization.

Thus if the humic and mineral fertility of a cultivated soil is indeed condi-
tioned from the beginning by the climate, parent rock, and original population,
this fertility is not given once and for all. It can be maintained at a constant level
on condition that this soil receive exactly sufficient quantities of organic and
mineral matter to compensate for both the losses of humus through mineraliza-

tion and the losses of minerals through drainage, denitrification, and harvests.
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The fertility can be reduced if these contributions are insufficient or increased
in the opposite case. In fact, from the moment a soil is cultivated, its fertility

becomes a historical variable, largely influenced by successive agrarian systems.

Modes of Renewing the Fertility of Cultivated Soils

An agrarian system can develop and perpetuate itself only if the fertility of the
cultivated soil is maintained at a level sufficient to ensure the harvests necessary
to the population over the long term. There are only a few soils, certain cher-
nozems or certain slightly leached loessial and alluvial soils, in which the miner-
alization of the parent rock and the fixation of atmospheric nitrogen allow the
indefinite production of sufficient harvests each year to support the needs of the
population. To each (lasting and widespread) agrarian system there necessarily
corresponds an effective method of renewing the fertility.

The first of these methods consists of allowing the wild vegetation, after
clearing a wooded terrain and cultivating it for some time, to reconstitute itself
and restore to the soil sufficient quantities of organic and mineral matter to make
up for the losses caused by its cultivation, after which one can again clear and
cultivate this ground. Such is, as we will see, the mode of renewing fertility in
systems in which temporary slash-and-burn cultivation alternates with allowing
the land to lie idled in its original wooded condition1? for a long period of time
and is also the mode in systems in which cultivation with a hoe alternates with
allowing the land to lie idled in its original grassy condition!3 for a period of
medium duration (see chapter 3).

The second method consists of concentrating the cultivation on the best lands
and using the other lands as natural pasturage. Grazing all day on these pastures,
the animals are penned up at night on the fallow land!4 where they leave their
excrement, thus transferring part of the biomass that they had grazed on from the
uncultivated land (the saltus) to the cultivated lands (the ager). This mode of
renewing fertility is used in systems of manual cultivation or animal-drawn cultiva-
tion with an ard, fallowing, pasturage, and associated animal breeding (chapter 6).

The third method consists of mowing part of the pasturage in order to feed the
livestock in the stable and produce manure, which will be buried when the fallow
land is plowed. This method is used in systems based on animal-drawn cultivation
with a plow, fallowing, mowing of meadows, and associated animal breeding.

A fourth method consists of replacing the fallow land by a cultivation that
produces a great quantity of biomass and fixes a maximum of mineral matter,
thus saving it from drainage and denitrification. Then this organic and mineral
matter is restored to the cultivated soil, either by burying it directly as “green

manure” or by making it available for consumption by animals, whose excrement
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1s gathered and then buried. This mode of renewing fertility is practiced in sys-
tems that do not involve fallowing (chapter 8).

Another method is maintaining a number of large trees above the cultivated
ground whose roots draw out the mineral elements from deep in the soil and
are then restored, to the cultivated soil, either directly through falling leaves
and other types of dead organic matter or indirectly through manure from ani-
mals that have consumed leaves and small branches. This mode of renewing
fertility is used in agrarian systems that unite arboriculture and annual cultiva-
tion (chapter 3, point 4 and chapter 7, point 2). Moreover, the basic principle
of these systems, based on cultivating tiered rows of associated plants has
been known for a long time. The elder Pliny (first century c.e.) described the
agriculture of the south Tunisian oases in these terms in his Natural History:
“The olive grows in the shadow of the noble palm tree, the fig under the olive,
the pomegranate under the fig, the grape under the pomegranate, the wheat
under the grape, then the legumes, finally the lettuce. Every plant lives and
grows in the shadow of another during the same year.”

In many of the hydraulic agrarian systems, flood and irrigation waters, full
of alluvial deposits and soluble minerals coming from the side basins which
feed them, also contribute to renewing the fertility of cultivated soil (chapters 3
and 4). Moreover, in aquatic rice-growing in the tropical regions, the blue-
green algae associated with Azotobacter greatly contribute to supplying the rice
fields with nitrogen.

We add that, in all these systems, the presence of legumes, whether grown
for fodder or not, whether herbaceous or arboreal, whether cultivated in rota-
tion or in association with other plants, can also contribute to enriching the
soil with nitrogen. Lastly, in some older systems and in many contemporary
systems, organic or mineral fertilizers are gathered outside the cultivated
ecosystem and transported by humans to the cultivated areas. Thus, already in
pharaonic Egypt, organic sediments, from plant, human, and animal origins,
deposited during thousands of years in ancient village sites in the Nile Valley,
were exploited and used as fertilizers. In the same way, during pre-Inca and
Inca periods in Peru, guano deposits from the Pacific Coast, containing phos-
phates and nitrates produced by the decomposition of the excrement and car-
casses of millions of marine birds, were exploited (chapters 4 and 5). The use
of mineral fertilizers is thus very old, but due to poor means of exploitation
and transport, remained limited for a long time. By contrast, in the twentieth
century, the extraction, transformation, synthesis, long-distance transport, and
use of synthetic fertilizers and various soil amendments were used on a wide
scale in the agriculture of the developed countries and in some sectors of agri-

culture in the developing countries (chapter 10).
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Fertilizers and Amendments

Fertilizers are, in the strict sense, mineral or organic materials that are incorpo-
rated into soil for the purpose of providing the plants with nutritive minerals,
and possibly other substances such as growth hormones, which they need. Fer-
tilizers are distinguished from amendments, which in principle are organic or
mineral materials that are incorporated into the soil for the purpose of improv-
ing its composition and its physical and chemical properties. Clays and marls
are used to correct the lightness of a soil and its lack of absorbability. Calcium
and magnesium amendments correct excess acidity; leaching with water cor-
rects its salinity. Organic amendments elevate its humic content, increase its
capacity to store water, improve its structure, and contribute to maintaining a
thriving and diverse population of soil organisms.

Some amendments also contribute to restoring or elevating the soil’s nutritive
mineral reserves usable by plants; in other words, they act as fertilizers. Such is
particularly the case with organic matter produced on the farm or collected in its
vicinity (animal manures, composts, green manures, or algae) and with all types of
plant and animal by-products that are dried, ground, transformed, and packaged
in various ways (dried bird droppings, dried blood, fish and meat meal, bone
powders, grape marc, urban refuse and sludge, etc.). While decomposing, these
amendments and organic fertilizers also provide nutritive minerals to plants.

Mineral or synthetic fertilizers are extracted from volcanic, sedimentary, or
saline layers of rock, which are then mechanically and chemically transformed.
Nitrogen fertilizers can also be synthesized from atmospheric nitrogen. Mineral
fertilizers are for the most part soluble (nitrogen, superphosphate, potassium fer-
tilizers), that is, after spreading they are quickly found in the form of ions in solu-
tion in the water of the soil, absorbable by the roots. Others are called “insoluble”
(natural phosphates, slag from dephosphorization, various ground rocks), but
they are in fact slowly solubilized, like a finely crushed rock would be under the
effect of chemical (soil acids) and biological (microorganisms and roots) agents.

In many ways, organic fertilizers (manure, compost, green manure, animal
excrement, etc.) are more effective than mineral fertilizers. One fertilizer unit of
nitrogen, phosphoric acid, or potassium contained in an organic fertilizer may
result in a more substantial increase in the harvest than the same unit coming
from a mineral fertilizer. In fact, minerals of organic origin are progressively
released and absorbed to the extent that the plants need them during the
summer season, while in the winter they are reserved in their organic form.
Thus they are less subject to drainage. Moreover, they feed the soil solution in a
more complete and balanced manner than mineral fertilizers, because they con-

tain, beyond the main elements (nitrogen, phosphorus, potassium, calcium
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magnesium sulfur) trace elements (iron, manganese, zinc, copper, boron,
molybdenum, chlorine). They also support the existence of microorganisms in
the soil and supply them with various substances that stimulate the growth of
plants (hormones). Finally, remember that the most important advantage of
organic fertilizers is that they also act as soil amendments that increase the effec-
tiveness of all mineral fertilizers, regardless of origin.

But do not forget that the fertility of a cultivated ecosystem does not only
depend upon the mineral richness of the soil solution. It depends first on temper-
ature, sunlight, and availability of water during the growing season. To increase
the fertility of an ecosystem, one can thus also act on the temperature (possibly,

heated greenhouses), on sunlight (provide shade), on the water supply and its
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organization (irrigation, drainage, windbreaks, soil covering that minimizes evap-
oration), and even on the carbon dioxide content of the air (greenhouses with an
artificial atmosphere). But these large and costly facilities are not always neces-
sary, feasible, or profitable. However, certain agrarian systems all over the world,
particularly all the hydraulic agrarian systems, can only exist thanks to facilities of
this type. Lastly, beyond these relatively stable characteristics of the environment,
the useful fertility of an agricultural terrain over the course of a given period of
time also depends, of course, on the nature of the exploited plant populations
and on the way in which these are raised (natural pastures, cultivation of single
crops or associated crops, rotations, farming work).

As you can see, in most agrarian systems, renewal of the fertility of the cul-
tivated lands is provided by organic and mineral resources originating in the
uncultivated parts of the ecosystem: fallow lands as part of a rotation system,
whether forested or not, pasturage, mowing of meadows, side basins feeding
irrigated land, etc. However, part of the territory must be reserved for other
uses: forests, dwellings, roads, water reservoirs, etc. Finally, some lands are
unsuitable for any use. That is, cultivated lands can only occupy a part, often
quite small, of the ecosystem. In the last analysis, the useful fertility of a culti-
vated ecosystem, i.e., its capacity to produce harvests, does not result only
from the fertility of the cultivated lands, properly speaking, but also from their
relative size in the ecosystem.

The extent and fertility of actually cultivated lands are therefore the two vari-
ables that determine the production capacity of a cultivated ecosystem, and hence
the maximum population density it can support. At each moment, these two vari-
ables are conditioned by the characteristics of the original ecosystem, more or less
modified by prior successive agrarian systems, and governed by the mode of
renewing the fertility of the current system. In other words, in each period of his-
tory the population level reached by humanity is conditioned by the nature and
performance of the agrarian systems that develop in different parts of the world
during the period in question, systems that themselves depend on preceding sys-

tems for most of their ecological heritage.

5. AGRICULTURE AND HISTORY

Agriculture and the Number of Humans

The works of demographers give us an idea of the increase in the number of
people over the last 50,000 years.!> We can look at this increase in relation to
the evolution of agrarian systems in different parts of the world, such as we

present in this book.
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On the eve of agriculture’s appearance, the human population was rapidly
expanding thanks to the development of increasingly diversified and effective
modes of predation. However, even if in certain places humans had reached the
limits of exploitability of some species, even so far as to cause them to diminish
or even disappear, nothing justifies the contention that development of agricul-
ture and animal breeding in the Neolithic responded to the need to overcome a
sort of generalized crisis of systems of predation.

It is, however, undeniable that the tenfold increase in the human population,
which grew from around 5 to 50 million inhabitants between 10,000 and 5,000
years before the present, is essentially due to the planetary development of Neolith-
ic agriculture. The systems of slash-and-burn cultivation, which developed mainly
in the cultivable forested environments of the planet, supported population densi-
ties of 10 to 30 inhabitants per square kilometer, densities which are much higher
than those of systems of predation (see chapter 3).

Then, between 5,000 and 3,000 years before the present, i.e., between
3,000 and 1,000 B.C.E., the world population doubled, growing from around
50 to around 100 million individuals. This increase can be explained, to a cer-
tain extent, by the extension of slash-and-burn cultivation, but also by the devel-
opment of large societies based on hydraulic agriculture in the valleys of the
Indus, Mesopotamia, and the Nile. Certainly, agricultures organized around
floodwaters and irrigation, which were organized in these privileged valleys,
were limited in extent, but they could support impressive population densities
of several hundred inhabitants per square kilometer (chapter 4).

In the course of the two millennia that followed, between 1000 B.c.E. and
1000 C.E., the world population more than doubled to around 250 million
inhabitants, due to the development of hydraulic systems of aquatic rice growing
in the valleys and deltas of China, India, and Southeast Asia and, to a lesser
degree, to the development of systems of hydraulic agriculture (Olmecs, Mayas,
Aztecs, pre-Inca societies) in America during this period (chapter 5). On the
other hand, systems of cultivation based on rainwater and fallowing, which
extended around the Mediterranean region and into Europe, contributed very
little to this population growth, because they were not that much more produc-
tive than the slash-and-burn agriculture which they replaced (chapter 6).

The contribution of European agriculture to world population growth became
noteworthy only with the agricultural revolution in the Middle Ages. From the
eleventh to the thirteenth centuries, the development of agricultures based on fal-
lowing and cultivation with an animal-drawn plow made it possible for the Euro-
pean population to triple or even quadruple (chapter 7). After having fallen during
the great crisis of the fourteenth century, this population increased again in the

sixteenth century. Then it doubled once more thanks to the agricultural
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revolution of the seventeenth, eighteenth, and nineteenth centuries, a revolution
which gave rise to agrarian systems that did not use fallowing (chapter 8). But the
growth in world population since the year 1000 was also due to the development
of aquatic rice growing systems, particularly in Asia. In addition, from the six-
teenth century, the population of European origin grew by extending its agricul-
ture into the temperate regions of America, South Africa, Australia, and New
Zealand, to the detriment of the indigenous populations.

Finally, even today, the world demographic explosion, whatever the other
reasons may be, is only made possible by a gigantic increase in the production
capacities of world agriculture. This increase essentially results from the expan-
sion and improvement of aquatic rice growing from two to three harvests per
year, principally in Asia, and from the development of motorized, mechanized,
and chemicalized agriculture in the developed countries and in some limited
sectors of the developing countries.

For all that, however, this immense increase in the number of people should
not induce us to forget that famine, undernourishment, and the persistent
difficulty in meeting the needs of humanity are all very real. At the end of the
twentieth century, 800 million persons suffered from chronic undernourish-
ment and more than 2 billion were nutritionally deficient in one or several nutri-
ents (iron, iodine, vitamin A, proteins). And it is possible to believe, as do Pro-
fessor René Dumont and Lester Brown, director of the Worldwatch Institute,
that the growing needs of humanity are dangerously approaching, right now, the
exploitable limits of water resources, planetary fertility, and even the possibility
of using photosynthesis for food production.16

But if some regions are fully exploited and even sometimes dangerously
overexploited, there are also many exploitable regions that are today unexploit-
ed or underexploited. More than two-thirds of the exploitable areas in the
developing countries (China not included) are unexploited.!” And even if half
of this land is in fact difficult to exploit, the possibilities for expanding agricul-
ture are still very great. Moreover, it is possible to believe that the twenty-first
century will see the development of agrarian systems producing more basic
provisions and able to support much larger population densities than the cere-
al-growing or pastoral systems predominant today. In fact, setting aside
progress in irrigation, seed selection, and synthetic chemical agriculture, all
kinds of highly productive and sustainable systems, closely combining annual
cultivation, animal breeding, and arboriculture, are developing right now in the
densely populated regions of the world in Southeast Asia, Central America, the
Caribbean, and Great Lakes area of Africa. Systems of this type are labor inten-
sive but not demanding in nonrenewable resources nor very polluting. They
formerly existed in difficult and relatively populated regions of Europe (the
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chestnut groves of Corsica and the Cévennes, and various forms of cultura
promiscua in the Mediterranean region). Finally, in the developed countries,
many uncultivated regions today could, if necessary, again enter into production
if the products fetched a higher price and agricultural work were better paid.

As we will see throughout this book, the overpopulation of an ecosystem is
rarely absolute. It is generally relative to the capacities of the agrarian system at a
given point in time. Thus, according to some people, on the eve of the Neolithic
agricultural revolution, the planet, which only had several million inhabitants, was
already overpopulated in relation to the means available from the system of preda-
tion. In the tenth century, with 10 million inhabitants, France was afflicted with
famine. Three centuries later, after having adopted a cultivation system based on
the animal-drawn plow, it fed nearly 20 million people. Then, after the horrible
food crisis and the huge number of deaths in the fourteenth century, the popula-
tion was restored. Up to the end of the eighteenth century, France again appeared
“overpopulated” each time its population surpassed the level of 20 million inhab-
itants. At the end of the nineteenth century, however, thanks to the first agricultur-
al revolution of modern times, France (within its current borders) fed nearly 40
million inhabitants. In the same way, for several decades, the rice-growing deltas
of Asia, with only one harvest of rice per year, were considered overpopulated
with 500 inhabitants per square kilometer. Today, there are well more than 1,000
inhabitants per square kilometer, thanks to the increase in output and the devel-
opment of systems with two, three, or four harvests per year.

In truth, today no one knows how to estimate the planetary capacity for produc-
tion of consumable biomass by humans and domestic animals without an enor-
mous margin for error. According to the distinguished Department of Agricultural
Research at the University of Wageningen, this production capacity could be 30 bil-
lion (at nearly 50 percent) to 72 billion tons of cereal-equivalent per year according
to the type of agriculture practiced, with varying degrees of synthetic chemical use,
or 7 to 18 times more than current production (which is around 4 billion tons of
cereal-equivalent per year). That is enormous! Nevertheless, this estimate does not
make it possible to know absolutely how many billions of people world agriculture
will be able to feed at any particular future moment. The whole question is indeed
to know what part of this potential will be effectively used in a particular time frame,

who will benefit from it, up to what point, and who will be excluded from it.

Agricultural Productivity, Social Differentiation,
and Improvement in Diet

If, in any event, the volume of agricultural production strongly limits the num-

ber of people, the fact remains that an increase in agricultural production is not
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sufficient to bring about a population increase. For that to happen, other social
and cultural conditions controlling natality and mortality must be fulfilled. But
above all, in order for a given population to increase, or even simply renew
itself, it is necessary that the production of an agricultural worker, that is, the
productivity of agricultural labor, be at least equal to the sum of that worker’s
own needs and the needs of all those supported by that worker. Indeed, it is
important to remember that in any society, the majority of individuals (elderly,
children, disabled, people practicing occupations other than agriculture, etc.)
do not produce their own food.

Thus, in an entirely agricultural society, without outside food supplies, in
which there are four mouths to feed per working person (including the latter),
agricultural productivity must be at least equal to four times the needs of an
average individual (making no distinction for age or sex). In most developing
countries today, the average food consumption does not surpass 200 kilograms
of cereal-equivalent (the quantity of cereal having the same caloric value as the
group of food products under consideration) per person per year, which corre-
sponds to an average daily ration of 2,200 calories. Certainly, the caloric needs
of a population vary according to its structure (age, sex, weight), its mode of life,
and climate. Nevertheless, the fact remains that as a first approximation, one can
consider an average ration of 2,200 calories per person per day as a minimum.
In these conditions, in order to support just the needs of the agricultural popu-
lation, labor productivity must be at least 4 x 200 kilograms = 800 kilograms of
cereal-equivalent per agricultural worker. Below this minimum level of produc-
tivity, an agrarian system cannot reproduce itself.

What is more, in order to support the needs of nonagricultural social groups,
agricultural productivity must be higher than this minimum level over a long peri-
od of time. Thus, under the same conditions as outlined above, in order to sup-
port the total needs of a population composed of a nonagricultural population as
numerous as the agricultural population itself (which corresponds to 8 mouths to
feed per agricultural worker), the average agricultural productivity must be at least
doubled, 8 x 200 kilograms = 1,600 kilograms of cereal-equivalent per worker.
Beyond the volume of production necessary to support the needs of the agricul-
tural workers and their families, the increase in agricultural productivity makes it
possible then to produce a surplus that conditions the possibilities for develop-
ment of nonagricultural social strata (warriors, priests, administrators, artisans,
merchants, workers, etc.). In the last analysis, an agricultural surplus determines
the possibilities for social differentiation and urbanization.

But the increase in agricultural productivity can also be expressed by a
quantitative and qualitative improvement in diet. Indeed, the consumption

level considered above (200 kilograms of cereal-equivalent per person per year,
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or 2,200 calories per person per day) can be greatly surpassed. Thus today in
the developed countries and in the well-off social strata of most developing
countries, the average ration greatly exceeds 3,000 calories per person per day
and an important part of it is made up of calories from animal products. Con-
sider now an average ration of 3,200 calories per day, composed of some 2,200
calories from vegetables and 1,000 calories from animal products. As we have
seen, in order to provide these 2,200 vegetable calories, it is already necessary
to have available 200 kilograms of cereal-equivalent per person per year. More-
over, knowing that it takes around seven calories of vegetables to produce one
calorie of animal products, it is then necessary to have around 7,000 vegetable
calories (per person per day) to provide 1,000 calories of animal products,
which corresponds to 640 kilograms of cereal-equivalent per person per year.
In total, it is necessary then to have 200 + 640 = 840 kilograms of cereal-equiv-
alent per person per year at one’s disposal, or around four times more than the
minimum considered earlier.

Given this greatly expanded dietary norm, in order to support just the needs
of an agricultural population with four mouths to feed per worker, agricultural
productivity can no longer be 4 x 200 = 800 kilograms of cereal-equivalent per
worker, but 4 x 840 = 3,360 kilograms of cereal-equivalent, three-quarters of
which are then consumed by animals. And, in these conditions, to support a
population half of which is nonagricultural, with a total of eight mouths to feed
per worker, average agricultural productivity must be 8 x 840 = 6270 kilograms
of cereal-equivalent per worker.

Therefore if the output from the land (production per square kilometer) of an
agrarian system determines the maximum population density that it can support,
at the same time its productivity conditions the possibilities for social differentia-
tion and for dietary improvements. The gross productivity of a system is the result
of the output per hectare multiplied by the cultivated area per worker, an area that
depends on the effectiveness of the tools and the power of the energy sources
(human, animal, motomechanic) that this worker uses.

In systems of rain-fed cultivation with manual labor (slash-and-burn agricul-
ture using the ax or machete in forested environments and the spade and hoe in
deforested environments), the area cultivated by an active worker (with assis-
tance from others) rarely exceeds one hectare. If the output per hectare is
around 10 quintals of cereal-equivalents, productivity is barely sufficient to sup-
port the basic needs of the agricultural population itself. In these conditons, if
there is no outside source of food provisions, social differentiation and the con-
sumption level will necessarily remain low (see chapter 3).

On the other hand, in hydroagricultures using manual labor (aquatic rice

growing, agriculture using receding flood waters or irrigation), even if the area
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cultivated by each worker is often less than one hectare, the higher net out-
puts generally make possible a much higher level of social differentiation
(chapters 4 and 5).

In systems based on fallowing, animal-drawn cultivation using the ard and
transport using the pack-saddle, the area cultivated per worker can reach three to
four hectares, but as the mode of renewing fertility is not very effective, the outputs
and thus the productivity remain low (chapter 6). On the other hand, in animal-
drawn cultivation using the plow and wagon, the area cultivated per worker can
reach four to five hectares, while, thanks to the possibilities of producing, trans-
porting, and plowing in large amounts of manure, the outputs attain a much high-
er level (chapter 7). The development of agrarian systems based on fallowing and
cultivation using an animal-drawn plow conditioned the demographic, artisanal,
industrial, commercial, urban, and cultural progress of the Middle Ages in the
West beginning in the year 1000. This progress was strengthened from the seven-
teenth to nineteenth centuries thanks to the development of agrarian systems built
around cultivation using an animal-drawn plow but no fallowing (chapter 8).

From the end of the nineteenth century in the West, the mechanization of
animal traction (Brabant plow, seed drill, mower, reaper) made possible the
doubling of both the area cultivated by each worker and productivity (chapter
9). Finally, in the twentieth century, the motorization associated with large-scale
mechanization made possible an increase in the area cultivated by each worker
for cereal production to more than 100 hectares. This, combined with outputs
that could go as high as 100 quintals per hectare, led to a gross productivity of
10,000 quintals per worker, or 1,000 times more than the productivity of a man-
ual system of cultivation without the use of fertilizers (chapter 10). Today, the
use of tractors and other powerful equipment makes it possible for each worker
to cultivate in excess of 200 hectares. Thus, in North America and western
Europe, an agricultural population that makes up less than 5 percent of the total
population can feed everyone. It is important to note that remote-control or
automatic machines, making it possible to multiply this productivity several
times over, are currently in development and beginning to be used in some lim-
ited sectors of agriculture in the developed countries, while the vast majority of
the peasants in the developing countries still use strictly manual tools.

We turn now to the Neolithic agricultural revolution.



2

The Neolithic Agricultural Revolution

The Sanskrit language, whatever be its antiquity, is of a wonderful structure;
more perfect than the Greek, more copious than the Latin and more exquisitely
refined than either; yet bearing to both of them a stronger affinity, both in the
roots of verbs, and in the forms of grammar, than could possibly have been pro-
duced by accident; so strong, indeed, that no philologer could examine them all
three, without believing them to have sprung from some common source,
which, peerhaps, no longeer exists. There is a similar reason, though not quite
so forcible, for supposing that both the Gothic and the Celtic, though blended
with a very different idiom, had the same origin with the Sanskrit; and the old
Persian might be added to the same family, if this were the place for discussing

any question concerning the antiquities of Persia.

—SIR WILLIAM JONES, “On the Hindus”

At the end of the Paleolithic (Old Stone Age), some 12,000 years ago, after
hundreds of thousands of years of biological and cultural evolution, human
societies were able to make increasingly varied, sophisticated, and specialized
tools, thanks to which they developed differentiated modes of predation (hunt-
ing, fishing, gathering), adapted to the most diverse environments.! This spe-
cialization became more pronounced in the Neolithic (New Stone Age) and it
1s in the course of this last period of prehistory, beginning less than 10,000
years ago, that several of these societies, among the most advanced of the
moment in question, began the evolution from predation to agriculture.

At the beginning of this change, the very first practices of cultivation and
animal raising, which we will call protocultivation and proto-animal raising,
were applied to populations of plants and animals which had not yet lost their
wild characteristics. But, as a result of such practices, these populations
acquired new characteristics, typical of domestic species, which are the origin

of most of the species that are still cultivated or bred today.
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74 A HISTORY OF WORLD AGRICULTURE

The regions of the world in which human groups, living exclusively from
predation on wild species, transformed themselves into societies living princi-
pally from the exploitation of domestic species are, in the end, not very
numerous, not very large, and quite distant from one another. They form
what we will call centers of origin of the Neolithic agricultural revolution, it
being understood that the word center denotes an area, and not a point of ori-
gin. From some of these centers, which we will call expanding centers, agricul-
ture spread to most of the other regions of the world. To each expanding cen-
ter corresponds a specific area of extension, which encompasses every region
taken over by the agriculture coming from that center. However, some centers
did not give rise to a significant area of extension. Such centers expanded very
little or not at all and were subsequently incorporated into one or another of
the areas of extension mentioned above.

New species of plants and animals were domesticated in these areas of
extension. Some areas supplied a great number of these new domestic species
and, after the centers of origin, form true secondary areas of domestication. The
societies of farmers and animal breeders that stemmed from the centers of ori-
gin generally spread their new mode of life by gradually colonizing diverse
exploitable territories of the planet. In doing so, they also encountered more or
less evolved, preexisting societies of hunter-gatherers who were sometimes
themselves practicing a form of proto-agriculture. Some of the latter were, as a
result of this contact, won over to practicing agriculture.

In both the centers of origin and the areas of extension, the first societies of
farmers were primarily confronted with two main types of original ecosystems:
nearly closed, forested ecosystems, in which they practiced diverse forms of
slash-and-burn cultivation and some incidental animal raising; and grassy,
open ecosystems where they mainly developed various types of pastoral stock-
breeding, sometimes combined with cultivation. These societies also encoun-
tered various environments that were unexploitable by farming or animal
breeding, which thus remained virgin or occupied by hunter-gatherers.

Where, when, and how did Neolithic agriculture appear? How did it
expand across the world? What are the mechanisms of domestication? Such

are, in short, the questions which we intend to answer in this chapter.

1. CENTERS OF ORIGIN OF NEOLITHIC AGRICULTURE

In the current state of research, six more or less well-attested centers of origin for
the Neolithic agricultural revolution are generally cited. Four of them were large-

ly expanding centers. The latter, which we will study in more detail later, are:



THE NEOLITHIC AGRICULTURAL REVOLUTION 75

1. Near Eastern center, which was formed in Syria-Palestine, and perhaps
more broadly in the whole of the Fertile Crescent, between 10,000 and
9,000 years before the present

2. Central American center, which was established in southern Mexico
between 9,000 and 4,000 years before the present

3. Chinese center, which was first constructed in northern China 8,500
years ago on the loess terraces of the middle Yellow River, then was com-
pleted by expanding toward the northeast and southeast between 8,000
and 6,000 years before the present

4. New Guinean center, which perhaps had emerged in the center of Papua-

New Guinea some 10,000 years ago.

Two other minimally or nonexpanding centers of origin were formed as well

during the same time period:

5. South American center, which developed in the Peruvian or Ecuadorian
Andes more than 6,000 years before the present

6. North American center, which appeared in the middle Mississippi basin
between 4,000 and 1,800 years before the present.

For a long time, the emergence of Neolithic agriculture has been reduced to
the invention and rapid generalization of a new productive technique made
necessary by the insufficiency of wild resources. In this view, the insufficiency
results either from the drying up of the climate (theory of the oasis) or from the
scarcity of large game animals overexploited by a human population that had
become too numerous. More recent archaeological studies focusing on the dif-
ferent centers of origin of Neolithic agriculture show that there is nothing to
these theories.! The transformation of a society living by simple predation and
making use of the necessary tools, social organization, and know-how to a soci-
ety living principally from the products of cultivation and animal raising and
making use of the corresponding material resources, social organization, and
knowledge, appears as a complex chain of material, social, and cultural

changes that condition one another over hundreds of years.

The Important Expanding Centers

To begin with, let’s look at the circumstances in which the four significant
known expanding centers were formed, namely the Near Eastern, Central

American, Chinese, and New Guinean centers.
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The Near Eastern Center

In the Near East, where one of the oldest and best-known centers of origin of
Neolithic agriculture was formed, this slow transition from predation to agricul-
ture lasted more than 1,000 years and it revolutionized all technical, economic,
and cultural aspects of the human way of life.? In this region of the world,
around 12,000 years before the present, the post-glacial warming up of the cli-
mate entailed the progressive shift from a cold steppe ecosystem, characterized
by the dominance of artemisia to a savanna ecosystem characterized by the dom-
inance of oaks and pistachios, rich in wild grains (barley, spelt, emmer wheat,
etc.) and also other exploitable plant resources (lentils, peas, vetch, and other
legumes), as well as various game animals (wild boars, deer, gazelles, aurochs,
wild sheep, wild goats, rabbits, hares, birds, etc.) and in some places fish.

Abundance of Resources and Sedentary Populations. Cave dwellers abandoned
the hunting of reindeer and other tundra game driven northward by the warm-
ing of the climate and gradually adopted new systems of predation centered on
the exploitation of abundant wild grains capable of meeting the largest part of
the caloric needs of the population. The protein complement of the dietary
ration came from hunting, fishing, and gathering legumes. This mainly vegetar-
1an diet was based on the exploitation of resources that were more abundant
than they had ever been, so much so that it became possible for a numerous
sedentary population to survive. The population grew, left the caves, and
began to live in new, human-made houses grouped into small villages (0.2 to
0.3 hectare), composed of noncontiguous roundhouses with wooden super-
structures, built over pits supported by low stone walls. The population grad-
ually expanded over the whole of this privileged ecosystem.

Specialization of Tools and Intensified Exploitation of the Environment. The
development of this new mode of sedentary life was conditioned by a whole
series of innovations that made possible the much greater exploitation and use
of the new resources. Sickles formed from a blade of flaked stone, whose char-
acteristic lustering proves that they were used as knives for harvesting, and sick-
les composed of microlithic teeth inserted into a support of curved wood made
it possible to harvest in several hours enough wild grain to feed an entire fami-
ly.3 The grinding stone, hollowed right out of the rock or in a large stone, on
which a handful of grain was ground with the assistance of a roller (a type of
large, flat stone), made it possible to produce farina, from which a paste was
made as well as round, flat cakes that could be cooked under ashes or on large

heated stones in large ovens. Other instruments to grind grain (mortars, pestles)



Sickle (1) and knife (2) Ax (3) and adze (4) of
fitted with microliths polished stone

Grinding stone and roller for Terra cotta cooking pot
grinding grain

Plant and ears of corn (right) and ancestor, teosinte (left)

Wild boar and primitive Domesticated emmet wheat (right)
domesticated pig and its wild ancestor (left)

Figure 2.2 Diagrams of Neolithic Tools and Wild

and Domesticated Plants and Animals




78 A HISTORY OF WORLD AGRICULTURE

are equally attested, as are silos allowing the grain harvested in summer to be
put in reserve for the winter season.

The use of hearths built in pits lined with clay were the altogether fortuitous
origin of the invention of ceramics, while the “discovery” of polished stone was
linked to the use of grinding stones and rollers. Moreover, the first terra-cotta
objects (figurines and very small containers) and polished stone objects (pen-
dants and sticks) do not seem to have been of great utility. But subsequently,
large terra-cotta pots, impermeable and fire resistant, were produced in great
quantity, making it possible to cook porridges of grains and soups of peas and
lentils. Likewise, axes and adzes of polished stone, used to cut and hew wood
effectively, played a very important role in the construction of dwellings and,
later, in the clearing of land for cultivation.

Sickles, grinding stones, rollers, mortars, pestles, axes and adzes, in brief all
the materials that formed the tools of Neolithic farmers for millennia, existed for
the most part prior to the development of agriculture. They had been devel-
oped, over the course of the preceding centuries, in the quite particular condi-
tions of sedentary living and the increasingly intense exploitation of new

resources, particularly wild grains.

Proto-agriculture and Domestication. In the Near East, the first traces of com-
pletely domesticated spelt (a species of wheat, Tri¢ticum monococcum) and
emmer wheat (Triticum dicoccum) date from 9,500 years before the present.
Barley, peas, lentils, chickpeas, two species of vetch and flax appear to have been
domesticated toward 9,000 years before the present.2 As far as animals are con-
cerned, domestication goes back to 16,000 years before the present for the dog,
9,500 years for the goat, 9,200 years for the pig, 9,000 years for the sheep, 8,400
years for the cow, and 5,500 years for the donkey.# In order for these animals and
plants to have been domesticated by these dates, protocultivation and proto-
breeding must have begun dozens or even hundreds of years earlier.

It is generally thought that the first sowing took place in an accidental man-
ner, close to dwellings, where the shelling and cooking of wild grains took
place. Protocultivation would thus have developed on these same lands, already
cleared and enriched by domestic wastes, and on the alluvial soil deposited by
flooding rivers, which required neither clearing nor soil preparation.

However, these lands were limited. Cultivation had to extend onto forested
lands, where axes of polished stone made it possible to clear the land easily
enough by cutting down the trees and then burning them before planting. The
practice of slash-and-burn cultivation has been attested quite early in the Near
Eastern center, in the North American center, and undoubtedly also in the Chi-

nese center.” In these conditions, the importance of polishing stones for the first
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developments of agriculture cannot be underestimated. The heavy cutting
down of trees would have been difficult with axes of flaked stone, which are
quickly cracked, worn out, and not easy to make. On the contrary, axes of pol-
ished stone were less fragile, they could be made with all types of hard stones,
including stones that could not be flaked, and they could be sharpened at will.

Other Changes in the Mode of Life. Between 9,500 and 9,000 years before the
present, the change from villages of small size (0.2 to 0.3 hectares) with round-
houses to villages of large size (2 to 3 hectares) with quadrangular houses,
often joined together, can be observed. These changes are evidence of a popu-
lation growth in the villages and a transformation in social organization. This
epoch also coincides with the development of utilitarian fired pottery, rapid
expansion in the production of axes and adzes of polished stone, proliferation
of feminine statuettes and figurines, undoubtedly symbolizing fertility, and the
preservation of clay-filled skulls with the face modeled over them.

It is difficult to establish relations of cause and effect among all these new
things because they do not appear in a constant chronological order in the various
excavated sites. However, it is clear that they are present at the same time across
the entire Near Eastern center 9,000 years before the present, when domesticated
plants and animals supplied humans with the bulk of their diet. In addition, we
note that all these transformations in the mode of life were the common product
of a large social space, coinciding in the Middle East with the distribution area of
wild grains, particularly barley, rather than the result of the linear evolution of one
or several closely related villages, whose new economic system would have
expanded, already developed, into a larger area. This area includes enough com-
mon characteristics and, at the same time, enough variations and gaps so that the

sharing of multi