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Preface

Sustainable agriculture is a principle encompassing a wide range of environmental, sociopo‐
litical, economic, and cultural issues in rural communities. As a consequence, the sustaina‐
bility of agroecosystems should not be highlighted as an additional requirement but an
overarching concept, which governs the developmental processes on farms and rural com‐
munities worldwide. Thereupon, in the pursuit of more sustainable agricultural activities,
we all need a clear understanding of the ways—environmental, social, and economic—on
how humankind interacts with the earth.

The principles of sustainable agricultural development consist of many components and
make up a totality of requirements that are based on the premise of communities having
access to and control of local resources, such as seeds, land, and water, as well as working
toward local food sovereignty. Thus, to achieve such ideal development in agriculture-relat‐
ed activities, the farmers should be aware of the relevance of the levels of biodiversity and
organic matter, the soil health management, and the ability to locally close the biogeochemi‐
cal cycles involved in agroecosystems. It is a crucial long-term process because the conse‐
quences of unsustainable human activities may significantly affect the harmony of social,
economic, and ecological equilibrium, threatening the survival of future generations. Hence,
both developed and developing countries face gigantic challenges to drive toward sustaina‐
bility, but as many of these challenges are common to several agroecosystems worldwide,
we can share our best practices, principles, concepts, and case studies and, therefore, learn
from each other through books such as this one.

In general, this extension and research book explores how production systems can remain
profitable while conserving the natural resources and protecting the environment, thus fo‐
cusing on the man-environment interaction and its role in sustainable agroecosystems. In
other words, it highlights the impacts of management practices on crop production, soil
health, and environmental conservation. Furthermore, regarding this project’s socioeconom‐
ic, historical, and political context, it also provides valuable information about managing in‐
come-generating rural activities and its effects on humankind’s development and cultivation
of processes for producing food, feed, fiber, fuel, and other goods.

A successful management of agroecosystems depends on a clear understanding of the “sus‐
tainability” term and its related concepts, which will allow the agricultural development to
meet the present needs without compromising the ability of future generations to meet their
own needs. In order to clarify this point, the present book is composed of modern theoretical
and applied studies that highlight the core principles and evidence of a sustainable agricul‐
ture. This work is systematically divided into two sections, which summarize crucial insights
into this theme, such as agroecological concepts, case studies, soil health, and agroforestry
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systems. Hence, the literature presented here is a comprehensive overview of current con‐
cepts related to the sustainability of agroecosystems, with the main focus on agroecological
and integrated farming system models. Such approaches are not only reliable ways of obtain‐
ing fairly high-crop yield with a significant scope for resource recycling but also the concept of
ecological soundness leading to sustainable development in agricultural lands.

This is definitely a valuable reference book on the sustainability of agroecosystems, particu‐
larly for those who work in research organizations and higher academic institutions. It will
be of great interest, especially, to graduates, postgraduates, and researchers who work with
agriculture, forestry, rural extension, farm development, economy, social sciences, and relat‐
ed subjects. Moreover, it provides a reasonable resource for readers who are interested in a
quick review of trending topics about sustainability.

This project includes scholarly contributions by various authors pertinent to agricultural
and biological sciences. Each contribution comes as a separate chapter complete in itself but
directly related to the book’s topics and objectives. Moreover, the chapters included in this
book have been written by researchers whose expertise allows the relatively complex sus‐
tainable agroecosystem-related topics to be easily understood by any reader. Therefore, the
target audience comprises not only scholars and specialists in the field but also common
people and enthusiasts about this theme. Such chapter’s collection is certainly a valuable
resource about agricultural sustainable principles and a pleasure reading for those who are
willing to dive more deeply into the study of “sustainability of agroecosystems.”

As an editor of this book, I am grateful to all the authors who have written their chapters
meticulously and contributed their valuable work in this book. I would also like to thank the
editorial staff of InTechOpen Publishing and its team, for all the kind support they have pro‐
vided me throughout the whole editorship process, enabling the production of this book on
time and in a great manner. I express my special thanks to my mother Francisca, my wife
Maria, and my kids Matheus and Giovana, for inspiring me and being my pillars of
strength. Last but not least, my deepest gratitude is for my Lord and Savior, Jesus Christ,
who gives me good health to conduct scientific research and agricultural extension projects,
as well as teach and supervise my students. As a conclusion, I have to say that I could not be
happier with the development of this book, especially because this idea came up from such
a noble activity, which is my passion and has everything to do with sustainability, that is,
teaching. As Confucius once said, “If you think in terms of a year, plant a seed; if in terms of
ten years, plant trees; if in terms of 100 years, teach the people.”

Alexandre Bosco de Oliveira
Professor of Agriculture

Plant Science Department
Federal University of Ceará

Fortaleza, Ceará, Brazil
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Abstract

The main problem in the analysis of sustainability of agroecosystems is precisely the lack
of definition of both concepts. Above all agroecology has used the concept of
agroecosystem in a nominal, ahistorical and atheoretical way; when it is possible to
observe it as a system and at the frontier of complex systems. Thus, agroecology does not
use, for example, the Thermodynamics of non-equilibrium, Theory of Catastrophes, Com-
plex Networks, Theory of Chaos, among others. It is time to prompt agroecology
agroecosystems out of the darkness of closed systems and bring them to the frontier of
science systems. The objective of this document is precisely to make the field of agroeco-
logical studies expand towards the use of the theory of autopoietic social systems.

Keywords: sustainability, agroecosystem, complex systems, Episteme and doxa

1. Introduction

The concepts of Agroecosystem (AES) and Sustainability were born orphans of a science,
because even though Agroecology proposed the agroecosystem as a unit of study and built it
considering that the concept Agro contains agriculture (it does not generally study agriculture
in its entirety, it does not consider farmers or their management, without involve market, or
social consumption), that Eco constitutes an ecological perspective of agriculture in terms of its
structure and the relationships between its parts and the system, even though this idea does
not contain in its theoretical tools- methodological those offered by systems theory and in none
of its four generations of change, was never located epistemologically, or theoretically founded
and therefore conceptualized without extension and intension.
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The concept of AES, still diffuse, led from the seventies to the eighties the study and transfor-
mation of agriculture with good prospects; unfortunately international and transnational
organizations with support from the government of economically and politically dominant
countries -among many other institutions- introduced the concept of sustainability, it is
intuited that this was developed, more in order to divert attention over the catastrophe
provoqued of exploitation of the resources around the world. This showed the tacit acceptance
that something failed in the design and operation of the neoliberal development model.
Related to the above, we can see that even though the objective of conceptualizing the AES
required to clarify its structure and functioning, but above all its objectives. This did not
happen and today, despite the prostitution of its use and the epistemological, theoretical-
conceptual and methodological lack of definition, the term sustainability represents what was
wanted: nothing.

In reference to the above, Luhmann [1], at the end of his life, took a pessimistic position with
respect to the manipulation that the neoliberal model has promoted in a marketing way
towards the individuation of consciousness and functional systems (human beings, institu-
tions, companies, organizations and countries) in such a way that group spirit, solidarity and
social compassion have practically disappeared. In perhaps his last writing, he hinted at his
position regarding the impossibility of achieving something that could be called sustainability.
Luhmann [1] wrote the following: “… Today the problem is much worse than before. We can
continue with our habits and return to moral demands, which will be as justified as ever, but
who will listen to these complaints and who will react to them if society cannot control itself?
And what can we expect if we know that the same success (in economic and financial effi-
ciency) of the functional systems (Institutions, companies, sectors and governments) depends
on their indifference towards the social and environmental problems of the world? How could
we expect the inclusion of all kinds of concerns within the great social system?”

Therefore, the purpose of this document is to help agroecology, as a science, to expand its
epistemological, theoretical and conceptual perspectives, towards the approach of the theory
of social systems of Luhmann [2] and the second-order, cybernetics of Heinz Von Foerster,
backed by the quantum perspective of Ervin Laszlo.

2. The problematic

From an agroecological point of view and even when the knowledge it generates must be
valued positively, it is operated with the type of closed systems, where the influence of what
happens in the higher systems is not observed. A simple example can be considered, if in the
coffee growing areas of Brazil there was an erratic frost, the grain volume would be lower in
the world and its price would grow; all this could generate more income for intermediaries
and coffee growers in the regions dedicated to this activity in the state of Veracruz (Mexico)
without having done anything to achieve it.

Thus, in general, agroecology does not observe the farmer or peasant, as the cybernetic
controller of the properties it manages and this prevents considering that the size of the plot

Sustainability of Agroecosystems4

(represented by an agroecosystem) is the size of its decision making capacity (per share). Or
omission). This, if you want to investigate the management of the plot and the controller’s
reactions to the economic, political, cultural and social interferences of their superior systems.
In the ‘systemic thinking’ approach, we are trying to think and do science beyond reduction-
ism (closed systems) according to Casanova et al. [3] allowing us to evolve towards other more
encompassing forms that account for social complexity.

Even from the point of view of systems theory (remember that the AES is a system before
anything else) there are aporias of the systems approach that it is necessary to recognize.
Gharajedaghi in Systemic Thinking: Walking the change or change the way of Herscher [4]
states that “… a synopsis of the main theoretical traditions reveals that, while the analytical approach
remained essentially intact for almost four hundred years, systemic thinking has already passed by three
different generations of change (today the fourth already dominates).

“The first generation of systemic thinking (that of operational research) dealt with interdependence, in
the context of mechanical (deterministic) systems. The second generation of systemic thinking (that of
cybernetics and open systems) dealt with the double challenge of interdependence and self-organization,
in the context of living systems. The third generation of systems thinking responds to the triple
challenge of interdependence, self-organization and freedom of choice, in the context of socio-cultural
systems.” The fourth generation still did not appear clearly, but this refers to the study of
complexity in systems, which is where systems theory transcends a social vision, with other
languages and methods (Luhmann, Spencer Brown’s Theory of Form, Heinz Foerster, Aldo
Mascareño, and Carlos Maldonado, among others). This makes it one of the main contributors to
the frontier in science, along with neurosciences and quantum mechanics.

To begin, we must consider the principles of Bertalanffy’s Systems Theory [5] (although is
recognized the Aristotelian fundamental contribution that “The whole is more than the sum of the
parts”). According to Arnold and Osorio [6], the perspective of the TGS It arises in response to
the exhaustion and inapplicability of the analytic-reductionist approaches and their
mechanistic-causal principles. It follows that the key principle on which the TGS is based is
the notion of the organic totality, while the previous paradigm was based on an inorganic
image of the world.

As a scientific paradigm, the General Systems Theory (TGS) is characterized by its holistic and
integrating perspective, where what is important are the relational functions and the superior
systems that emerge from them. As a practice, the TGS offers a technically adequate environ-
ment for the interrelation and optimal communication between specialists and specialties,
thanks to the construction of a common language. Under the criteria of Arnold and Osorio
[6], in a broad sense: “… The General Systems Theory is presented as a systematic and scientific way
of approaching and representing reality and, at the same time, as an orientation towards a stimulating
practice for transdisciplinary work forms.”

Arnold and Osorio [6] define, nevertheless, that: “… it is convenient to notice that despite its
renovating role for classical science, the TGS has not yet managed to influence -in the fundamental- the
Cartesian mode (subject / object separation).” Thus, part of their problems is both the definition of
the status of reality of their objects and their concepts, which is now debatable according to
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(represented by an agroecosystem) is the size of its decision making capacity (per share). Or
omission). This, if you want to investigate the management of the plot and the controller’s
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mechanistic-causal principles. It follows that the key principle on which the TGS is based is
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image of the world.

As a scientific paradigm, the General Systems Theory (TGS) is characterized by its holistic and
integrating perspective, where what is important are the relational functions and the superior
systems that emerge from them. As a practice, the TGS offers a technically adequate environ-
ment for the interrelation and optimal communication between specialists and specialties,
thanks to the construction of a common language. Under the criteria of Arnold and Osorio
[6], in a broad sense: “… The General Systems Theory is presented as a systematic and scientific way
of approaching and representing reality and, at the same time, as an orientation towards a stimulating
practice for transdisciplinary work forms.”

Arnold and Osorio [6] define, nevertheless, that: “… it is convenient to notice that despite its
renovating role for classical science, the TGS has not yet managed to influence -in the fundamental- the
Cartesian mode (subject / object separation).” Thus, part of their problems is both the definition of
the status of reality of their objects and their concepts, which is now debatable according to
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Arnold and Osorio, as the development of an analytical tool suitable for the linear treatment of
systemic behavior (causality scheme).

One aspect of high relevance is the location of systems theory in general epistemology. In this
respect, Arnold and Osorio [6] consider that systems epistemology refers to the distance of the
TGS with respect to positivism or logical empiricism. On the other hand, Bertalanffy, referring
to himself, says: “In philosophy, the author's formation followed the tradition of the
neopositivism of the Moritz Schlick group” later denominated The Vienna Circle, but his
interest in German mysticism, historical relativism of Spengler and the history of art, together
with other unorthodox attitudes, prevented him from becoming a good positivist [6]. This is a
good advantage for agroecology, considering that the Theory of Social Systems Autopoietic
(Border in the study of the Systems) has not yet managed to integrate the materialistic conflict
and contradiction into its ideology.

Finally, agroecology has not been able or has not wanted to reinforce itself epistemologically
and this is counterbalanced from the Hermeneutics, with adequate conceptual interpretations.
In this regard Goode and Hatt [7] pose. “Science abstracts from reality and examines certain
aspects of phenomena and not the totality of the phenomena themselves. In truth, separating
any phenomenon from that with which it is related constitutes a fact of abstraction. Since
science attempts to investigate certain sectors or aspects of reality, using them to interpret them
as an abstract system of thought, it should not be surprising that, in order to communicate
their findings, each of the sciences uses terms or concepts that are their own. Now, we use
these concepts to represent the phenomena or aspects of them, which we are investigating.
Therefore, when a proposition is formulated, the concepts are used as symbols of the phenom-
ena being studied. However, because we are dealing directly with only the concepts, it is clear
that the concept can be confused with the phenomenon of what is supposed to be a symbol.”

This is a common mistake named objectification. It is often forgotten that concepts are logical
constructions created from impressions of the senses, perceptions, and even complex experi-
ences. The tendency to assume that concepts actually exist has led to many failures. The
concept is not the phenomenon itself; that is, these logical constructions do not exist outside
the established frame of reference. The incapacity to recognize this difference is what has been
called the fallacy of objectification, that is, abstractions are treated as if they were phenomena.
Finally, we will say that facts as concepts are abstractions then they have only meaning in a
frame of reference within some theoretical system, Goode and Hatt [7].

We can now understand that the agroecosystem is a concept and is not a plot under cultiva-
tion. We must understand that the agroecosystem is a representation, of a cut of the agricul-
tural reality, it is a model, an abstraction that the scientists create to understand the agricultural
reality (See Figure 1).

The notion of doxa is as old as Greek culture, but it was Plato who gave structure to the
epistemological comparison between science and opinion; which is inspired by the myth of
the cave. Plato accepts that the human being is intelligible and sensitive, but that if he cannot
leave the cave, his reality is proportional to what he sees (body, desires, imagination in the
shadows he observes on the wall). If he does not have the capacity to think, he can only have
will. But if you leave the cave, learn to think and probably come to have beliefs through the
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doxa. When the human being learns to think and creates epistemology, based on it, he can do
philosophy and science.

The agroecosystem, as can be seen in Table 1, is a representation, a scientific model of a doxic
reality. Inclusive, the words or the doxical terms, when using them in the dialog, in the writing,
in the poetry are only symbols of real objects. When a message is written that says: “Please stow
the chair that is in the yard” the word chair is not a real object, it is a symbol of the real chair, if it
should not have been sent wrapped in the message the chair in discussion. If I say that I bought
four melons: Would I have to bring them in my hand when I referred to them? Or I tell my
brother who lives in Canada that I have a new girlfriend: Should I send her to Canada before
talking on the phone with him?

Figure 1. Theory of knowledge of Plato. http://historiadelafilosofiaparacavernicolas.blogspot.mx/2015/ [8].

DOXA (The Reality, The everyday) EPISTEME (Science)

• Nature;
• Happiness;
• Electric System;
• Mechanic System;
• The Agricultural;
• Installation;

• Ecosystem;
• Sustainability;
• Plausible System;
• Plausible System;
• Agroecosystem;
• System;

Table 1. Distinction between philosophy of science and orthodoxy.
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A clear example of the above is the orthodox word, is an adjective that means that it complies
with traditional and generalized norms in an institutional or regional (cultural) scope is
something legitimate, something right or true, which is followed by most of a community, but
it is not scientific. Heterodox is something that is not orthodox, therefore, it is something little
used by the community. A heterodox is someone who is not satisfied with the dogma and
beliefs of a particular religion, or with the ideas or practices of a cultural doctrine and generally
accepted, but that is not science either.

This is one of the main problems in the training of researchers in the sciences related to
agriculture (Natural Sciences) that affects their relationship with General Epistemology and
impedes them, due to their super specialization from being located in any of the epistemic
traditions, in some of the currents, either Galilean or Aristotelian.

In the first instance, integrating this knowledge allows the researcher to create mental struc-
tures, to locate himself in a precise epistemological line, to identify the theory or theories that
best contribute to understand, interpret or explain the phenomenon that will be studied. In this
line of thought we can build really plausible hypotheses, design methodological processes that
will be practically “theory in action.”

3. Epistemical and conceptual analysis

From the epistemological perspective we could rely on Mardones and Ursua [9], who begin
their reflection with the following: “… If we look at the panorama of the philosophy of science, or
reflection on science and what it has that to be considered as such, from the height of its history, two
important traditions are distinguished; the Aristotelian call and the so-called galileana.” They are two
perspectives of science or two different approaches about the conditions that an explanation
that wants to be called scientific has to satisfy. Both traditions have their roots and representa-
tives in the Greek world. In order to locate the agroecosystems in an epistemological position,
we must base on which of the two has its origin.

Mardones and Ursua [9] state that: “Nothing happens in the cultural and human world overnight.
The ideas are incubating slowly or more rapidly, under the influence of social, political, economic or
religious events.”And they add that the conception of the world, fruit of the new way of looking
at it, which is already visible in men like Galileo or Bacon, is not so metaphysical and finalist,
as functional and mechanistic. The new eyes of modern science are eager for power and control
over nature, society and the economy.

Thereby, the center is no longer the world, but the individuation: the human being. For this
reason his empiricist look reduces in object to the human being and nature for his needs and
utilities. Thus, in argues of Mardones [9]: “This pragmatic interest, mechanic-causalist, that is not
going to ask anymore already by the why (Aristotelian)” and “for what” last, but by the “how” more
immediate and practical of the phenomena and their consequences, interest that emerge with force in
the century that goes from 1543, the year of the appearance of the work of Copernicus “De
revolutionibus orbium coelestium,” until 1638, date in which see the light the “Discorsi” of Galileo.”
According to Mardones: It will be Galileo then, a typical representative of the new mentality
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that changes the qualitative physical explanations of Aristotle, by the mathematical formula-
tions of Archimedes.

In the arguments of Mardones and Ursua [9], the beginning of mass production, according to the
scheme of supply and demand favored the accumulation of capital and the strengthening of a new urban
socio-political class: the bourgeoisie and the Bourgeois State. “Characteristic of this social class will be
the taste for a more secular culture, a propensity for concrete actions and their sense of order and the
positive.” According to Comte, the positive, which is what our popular language has collected in
expressions such as “go to the positive,” that is, to the useful and pragmatic. The new science
gathers this objectivist interest, in accordance with the attempt to dominate the human being and
nature, pointing out a technological attitude of knowledge and its applications.

The “new science,” according to Mardones [9], which replaces the science Aristotelian, will
consider as scientific explanation of a fact that which comes formulated in terms of laws that relate
phenomena determined numerically, that is, mathematically. These explanations will take the form
of causal hypotheses, but causally it will have here a functional connotation in a mechanistic
perspective. The touchstone of the value of causal hypotheses will be determined by experi-
mental analysis. It will be the comparison of the hypothesis with the consequences deduced
through the observation of reality or experimentation which will tell us an explanatory value,
the human, social and cultural, the historical-critical, cannot be scientific, it is an art, like
physicists will say.

In an acute synthesis, Mardones and Ursua [9] define: “…We will now understand why, speaking
in a very broad sense, the confrontation can be expressed in general terms and this can be expressed in
terms of causal explanation versus teleological understanding or, as we will say more ahead (Erklären:
Explanation) against understanding (Verstehen).”

3.1. Concepts of sustainability and agroecosystem

The concepts have been—almost always—poorly constructed (especially in agricultural
research), there is no intentionality or clarity in its content. As an example, the concept of
Agricultural Development (linked to the Agroecosystem concept and contributes since eco-
nomically perspective to define Rural Development) fails to define what “development” is, even
though since the [1973] Weitz [10] in Rehovot, Israel, politicians and scientists from all over the
world, agreed that any development is “a process of change.”

Hence, in the Agricultural Development who changes? O Who should change mainly? Should
it be the farmer? Who is the protagonist of that level of development and who must change
based on his historical-social determination and the identity of his territorial appropriation. It
is now necessary to ask: what should change? Well, mainly in his attitude and behavior;
towards what? Logically, towards the management of your plot (Agroecosystem in the design
and monitoring evaluation phase) how will it do it? Maybe you could do it in a planned way
(Diagnosis, Strategy and Evaluation) and why do all this? In order to fulfill its social responsi-
bility in an optimal way, the land was given, in some cases also the water, the bank financing
and perhaps an agricultural insurance, to produce the food, raw materials and environmental
benefits that the society and its family demand, but also to improve their quality of life. And
who would lead this process? We could say that the Law for Rural Development which defines
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the municipal authority to coordinate it, although nothing prevents this from being done by an
organized group of farmers.

We could now build the concept based on the previous ideas. “The Territorial Agricultural
Development (DAT) is a socially and historically determined process and main contributor in the
economy of Rural Development (Major System). The DAT is a process in which through changes in
attitude and planned behavior of farmers in the management of AES produce optimally, ecological,
economic and social, food, raw materials, quality of life and benefits environmental factors that the
market and the population demand. Conducted by Organized Farmer Groups.”

Certainly, the concepts are dynamic and flexible. Other elements of a higher order could be
inserted in this conceptual construction, which would give greater strength to the concept and
Territorial Agricultural Development; as it can be the introduction of empowerment in the
organized group. A brief definition of this empowerment indicates that what is sought first is
Social Empowerment (Large and strong organized group); then build an Economic Empower-
ment (Installation of efficient and capitalized companies) Finally, seek political empowerment,
first at the municipal level; later in the state and federal deputation. The latter to keep your
project in time without external interference [11–13].

3.1.1. Sustainability

To date, there is a large number of definitions of sustainability, developed without addressing
a minimum methodological structure. Generally, there is no major system that contains the
concept under construction. Its structure is not described (parts that compose it) nor its
function (relations between the parties) except its protagonist and its objectives. The authors
in this sense could make a simple definition could be built but with the necessary quality to
walk towards a plausible concept.

Should Sustainability be local or global? Nowadays it would seem that the answer is that it is
local: My sustainable experiment, the sustainable radishes, and sustainable shoes; in short,
today everything is sustainable. Imagine that Australia is totally sustainable (whatever that
means), but the rest of the world is not and suddenly (exaggerating) the sea level rises 40 m,
flooding its main coastal cities. Australians would say: but why, if we are sustainable. Indeed,
they are, but not others. What does this tell us? Well, sustainability must be considered on a
global level, if it does not work. There must be dynamic balances between the economic,
political, cultural, social and environmental dimensions; depending on the quality of the
resources that are managed.

Thus, we can say that: “Sustainability is a political and global process (upper system) where what
must be sustained and support itself is the life of the Human Being and all the living on the planet,
through a rational management of social and economic processes and that along with a management,
also rational, of nature, the human being ever scope the happiness, whatever that it may.”

3.1.2. Agroecosystem

As it indicated earlier, the AES is first of all an epistemic tool (theoretical-methodological) that
we call System, as a model of a part of the empirical reality. Then “the Agroecosystem is a
representation or model of a cut of the agricultural reality, managed by a cybernetic controller (farmer
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or peasant) to produce and satisfy -in an optimal way- the social needs and demands of the market.
Conceptualized as an organized totality (that is why it is a system) in which the elements are not
separable and, therefore, should not be studied separable.” In addition to the linguistic and episte-
mological clarity that this approach provides, is that being the AES a model, multiple simula-
tions can be designed in much less time and with lower costs. Unlike the development of
controlled experiments in the field that will surely take much more time and financing.

In Figure 2. The Agroecosystem (AES) is defined as the initial and main link of the Production-
Consumption Chains. In the AES the first level of supply of agricultural production is acti-
vated (fresh or with added value) and the distribution processes begin to satisfy the estimated
demand, the regional, national or international market and therefore consumption. In this
apparent and simple process occurs the most important phenomenon of social reproduction:
Consumption - to live - inexorably depend on the AES and in that same process the AES also
depends on consumption (family and social) to survive. This constitutes what the higher
system of the AES may be committed to by its social responsibility: Feeding society.

4. A new agroecology

With everything and how valuable Agroecology is, it certainly should not remain static and
enclosed in its box forever. The agroecological leaders in the world could perhaps be integrated
to new approaches to study the Agroecosystem. One of them is that of complex systems with
cybernetics of second order and therefore with researchers at the observer level of those who
observe [Researchers who study farmers observing their agricultural processes (Agroecosystem)

Figure 2. The agroecosystem in the production-consumption chains.
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has the great advantage that the observer of second order (the researcher) can observe himself in
the same observational process].

Criticism about the biological-ecological approach is by no means new, since 1980 Dr. Efraím
Hernández Xolocotzi [14] stated that the principles derived from ecology should be checked,
as soon as possible, without forgetting: That the essence of agroecosystems, is the management of
natural resources by man and that studies with an ecological focus, have disparaged, precisely, the
presence of man.

Therefore in the design of a new agroecology should consider the previous advice of
Hernández X. and the following theoretical criticisms. Muench [15] stated that the tendency
that has predominated over the interpretation of the Agroecosystem is that which considers
the technique abstracted from the whole system of social relations; performing an isolated
examination of it and establishing a rigid relationship of cause and effect between the tech-
nique and the socio-economic instances of society; defining the technique as an independent
variable and the economy as a dependent variable. Thus they come to the conclusion (although
they do not specify it) that social systems are determined entirely by changes in technique and
need to adapt to it.

Faced with the avalanche of criticism that progressive scholars make to the aforementioned
tendency, Muench [15] himself expresses his position about it: “… Before the development of
irrational forms in the production of satisfactions carried out by the tendency described above, arises, as
a weak humanist defense of resources, another tendency of the conceptions of the scientific research of
agriculture. This tendency is born from the field of natural sciences, specifically from ecology, from
where the concepts and basic categories for the method of study are taken.”

The most important contribution of this conceptual tendency - to say of Muench - lies in the
fact of demanding an integral analysis of the agricultural phenomenon; however, an important
basic error is made: a social phenomenon - agriculture - is analyzed through a method pro-
posed by biology and ecology. Taking as a fundamental concept the ecosystem and applying
the method of study designed for the study of natural ecosystems, for which the concept of
agroecosystem is elaborated, which is nothing else than an ecosystem where man intervenes as
one more organism in the trophic chain, Muench [15].

Pablo Muench [15] concluded: “Obviously this conception leads to an analysis of agriculture outside
the historical development of society, without making a clear distinction between human work and the
other elements of the production process; it does not assume the importance of the unequal development
of agricultural processes with different social production objectives; they interpret the efficiency of
agricultural systems apart from concrete social conditions and deny that production systems have
greater material conditions, developed by society in their historical process, than the conditions imposed
by nature. To consider agriculture in that way is indisputably wrong.

In addition to the above, the concept of Agroecosystem was managed without constructed it,
even methodologically, and logically this has led to diagnose it without knowing it, to design it
and operate it without theoretically knowing its structure and operation, and finally to evalu-
ate it without applying the minimum elements of the theory of systems.

Regarding the reality status of systems and therefore of agroecosystems, the fourth generation
of systems, that of complex systems, introduces a highly clarifying idea for a potential new
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agroecology: Systems are not things, but those things we see them or rather we want to see
them as systems. That is, we use the filter of systems theory to see reality, not because systems
exist in reality, but because we want to see it through that filter, which is epistemic and
therefore theoretical; as we could see reality with any other filter, with a positivist or dialectical
approach, perhaps religious -if we would like to do so- in recent times it is said that reality is
not objective, it is undoubtedly an interpretation of the human brain, there in his dark room,
guided only by the deceptive senses.

With regard to the above, Herrscher [4] President of the International Society for the Systems
Sciences, the leading entity of systemic thought in the world, receives a basic question: What is
a system? And he replies: “Almost everyone will tell you that it is a set of elements interrelated with a
common goal… But in reality we are the ones who do it system: when looking at it, seeing it as a system,
when deciding to consider it as a member of a category that has certain properties marked in his theory.”
His interlocutor answers him with another question - Is it to say that all things in this complex world
are systems? - Properly Herrscher points out that: “… 1) systems are not ‘things’, but there are things
that we decided to treat as systems, and 2) that not even all of them are ‘things’. There are artifacts like a
car or a plate that we call mechanical systems. There are biological systems: living organisms like the dog
and the cat that we have at home, or like each one of us or, specifically, our bodies. There are organiza-
tions like your factory, or like our families, or like our government or our country (which is not the same)
that we call social systems. And there are systems of ideas, beliefs or behaviors, such as ideologies,
religions, and cultures.” Science is correcting itself, because we see here that Herrscher is still
considering doxical elements as epistemic (mechanical systems, cats, dogs, etc.).

Herrscher [4] concludes by saying that “The condition of the system is not an intrinsic quality of the
thing - but an attitude or appreciation of each one. For those who consider, based on a theoretical
approach, that in reality there are things that are related to one another that tend to the formation of a
human being in an articulated and meaningful way it is a system.”

Garcia [16] in his classic book “Sistemas Complejos” confirms what Herrscher said about the
reality status of systems as an object of study, he says that: “A complex system (AES) is a
representation of a cut of that reality, conceptualized as an organized totality (hence the denomination
of system), in which the elements are not ‘separable’ and, therefore, should not be studied in
insolated.”

In other words, a new agroecology, before studying natural resources and food production
must understand and interpret the culture of the social group that wishes to study. To under-
stand their relationship rules, not break them untimely. If the producers did not ask for
technical help, it is not that they do not need it, they probably do not want strangers in their
locality and they consider themselves assaulted by the presence of individuals, who even
arrive with a haughty and arrogant tone.

Do they really want advice of a productive and ecological nature? Probably what they want,
although they do not manifest it, is the exploitation of non-agricultural materials. Like lime,
marble, stone or sand, circumstances that many times the agroecologist does not see or does
not care about. Better still, is to listen unattended demands, such as small dams, roads,
electricity or drinking water; demands that could seek the solution to technical or financial
problems.
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Remind that the problems of farmers, in reality are elements that prevent achieving their
objectives. And that those problems and objectives have an owner and these are the farmers.
Our problems and objectives should not overcome theirs.

5. Conclusions

In spite of how hard epistemological criticism can be, it must be recognized that the scientific
activities developed by Agroecology are of high biological and ecological value. However, if
this science does not come out of its closed box and does not attend higher level phenomena,
which undoubtedly affect the behavior of Agroecosystems and its Cybernetic Controller, in
order to fulfill its social responsibility, it is most likely that AES be considered by other pro-
fessionals in the dynamics of complex autopoietic systems and be mounted on the frontier of
complexity sciences.

When agroecologists or scholars of agroecosystems begin to understand and clarify previously
diffuse meanings, agricultural research will advance, not only in knowledge, but also in the
dynamic equilibrium of rural activities. But above all in the philosophy necessary to generate
new and renewed scientific knowledge that contributes to achieving economic, social (with its
political and cultural manifestations) and environmental well-being.

Just to introduce us to the topic, the semantics of the Theory of Social Autopoietic Systems of
Niklas Luhmann considers that we have been wrong to consider the Society as if it were the
Population. It should be noted that at the beginning of each social group, complexes of
relationships were created in the processes of appropriation and adaptation of the groups to
their environment, which also built identity. This complex of relationships, as the generations
pass, becomes a collective memory and then a social memory. That social memory in this
historical moment is no longer concrete but abstract, imbued in the processes of identity-and
although it is now abstract-it determines the behavior of social groups. The social and collec-
tive memory is reproduced in time (it is autopoietic) that generates a culture that translates
into specific traditions and behaviors. When it matures and is regulated, this social memory
(Culture) generates Civilization and Society (orderly social relations as in the social division of
labor), which is reproduced in time and based on it individuals, institutions, companies,
governments and countries build its autopoiesis, and although it is maintained in abstract
conditions, the traditions and concrete behaviors, also remain as collective memory.
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Abstract

There is an ongoing debate within the field of agroecology about the importance of socio-
economic context as a causal factor of agricultural unsustainability. The ultimate thesis of 
this paper is that the causes of unsustainability cannot be fully grasped without under-
standing historical trajectories of land use and land tenure. I investigate a community 
of indigenous smallholders in southern Chile who have expressed a desire to find an 
ecological alternative to the input-intensive commodity cropping system they currently 
practice. What factors motivate them, and what are the key barriers holding them back? 
Interviews with 38 individuals and 3.5 months of participant observation reveal a com-
plex causal chain. A key barrier to an alternative, more sustainable agricultural system 
is a deficiency of organic animal manure, of the animals which produce it, and of the 
land base on which to sustain sufficient numbers of livestock. But these factors can only 
be understood in the context of the historical dispossession of Mapuche territory by the 
Chilean state over a century ago, which led to socioeconomic marginalization by pushing 
them onto the poor soils and steep hillsides they currently occupy. I close by empha-
sizing that the path to agricultural sustainability must combine both sociopolitical and 
agronomic considerations. Land access and land tenure are as important to achieving 
sustainability as land management.

Keywords: Chile, land tenure, manure, Mapuche, organic, political agroecology, 
repeasantization, soil fertility

1. Introduction

Prior to the arrival of Spanish colonists in the sixteenth century, the modern-day country of 
Chile was inhabited by a variety of indigenous groups stretching from the arid deserts in the 
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north to windswept Patagonia in the south. The Spanish arrival resulted in the rapid deterio-
ration of indigenous populations via genocide, illness, and forced displacement. One group, 
however, famously resisted the Spanish and retained a large autonomous territory in the 
south even after Chile established independence from Spain: the Mapuche, called araucos by 
the Chileans, namesake of the present-day region of Araucanía.

This autonomy ended in the mid-1800s, when the Chilean government embarked on a mili-
tary campaign to “pacify” a people they deemed an impediment to the advance of civilization 
and modernity. A sequence of military incursions eventually defeated the Mapuche, a popu-
lation that had numbered around 1 million at the time of first Spanish contact now reduced to 
some 150,000 [1]. It is what happened after pacification, however, that had the most profound 
impact on succeeding generations of Mapuche.

The Chilean state wanted to encourage agricultural settlement of the fertile but densely 
wooded Mapuche homeland, so they encouraged Chilean and immigrant colonists (colonos) 
to push south, clear the forests, and establish homesteads. A Chilean writer in 1848 described 
the “phalanx of peaceful immigrants, of industrious settlers” establishing farms in the south 
([1], p. 94), while a Dutch settler is quoted, “Each family received a pair of oxen and a cart, 
an ax, and a rifle to defend themselves from the indigenous people” ([2], p. 239). Between the 
1850s and the 1870s, an estimated 14,000 colonos settled in Mapuche territory ([1], pp. 94–95). 
By the end of the century a travel writer could note the extensive clearing of land: “I rode 
through green fields with stumps scattered through them, all the way from Concepción to 
Temuco. Men were cutting farms out of the woods, and here and there the wheat was growing 
among the burned timber” ([3], p. 90).

The Mapuche were deeded parcels by the state, but “unscrupulous land-grabbing at the 
expense of the Mapuche was an altogether predictable feature, and remained so for the 
next few decades” ([1], p. 96). Meanwhile, the government set up the equivalent of North 
American reservations (reducciónes) for the Mapuche, diminishing their historic territory by 95 
percent ([2], p. 46). Communities were forced east to the mountains and west to the marginal 
lands of the Pacific coast, where, no longer able to migrate across a large territory with their 
animals, they took up farming on small household plots. When Green Revolution practices 
(commercial seed varieties; synthetic fertilizers; chemical pesticides) arrived and seemed to 
promise an immediate increase in yields, they were promoted heavily by the government and 
adopted enthusiastically by rural communities – particularly the cultivation of commercial 
potato varieties as a commodity crop for primary income generation.

The site of my fieldwork is one such community, called Llaguepulli. With the exception of 
two individuals who have married in, the entire population of Llaguepulli is Mapuche. Many 
of its residents have migrated away in recent decades, seeking employment in the regional 
or national capital. Of those that remain, nearly everyone lives the life of an agrarian small-
holder: cultivating home gardens, tending small flocks of animals, and growing staple crops 
on small acreage using conventional, agrochemical-dependent methods.

Llaguepulli is rural, poor, and resource-deprived; in that sense it is like every other Mapuche 
community in the region [4]. But in another sense it is unique: its main leaders as well as 
a large portion of its members have expressed an explicit interest in finding an alternative  
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agricultural path to the high-input, low-value commodity crop system in which they are 
currently immersed. With a progressive leadership and the support of a community-based 
development NGO they have made progress, including the establishment of a culturally-
oriented tourism program, an agroforestry project, and a savings and microloan program run 
entirely by community members [5]. Yet nearly all the farmland in the community is devoted 
to basic commodity crops (chiefly potatoes and wheat) fed with synthetic fertilizers, even as 
the farmers themselves lament this fact. Many barriers to sustainability remain, and the cen-
tral inquiry of this paper is what those barriers are.

Hovering in the background of that question is a broader one of significance to the field of 
agroecology. How carefully do we need to consider social, political, and historical forces 
– which have traditionally been considered outside the scope of agroecology – in order to 
understand the sources of an unsustainable agricultural system? My broader thesis is that the 
biophysical and technical causes of unsustainability that have traditionally been the focus of 
agroecologists are interlinked with sociopolitical and historical causes. One set of forces cannot be 
understood without the other, for they form an interwoven causal chain. I begin the literature 
review by elaborating on this thesis.

2. Literature review

I break the review of the literature into two parts. First I will discuss the scholarly debate over 
the incorporation of social considerations into the field of agroecology. Then I will move to 
the field of agrarian studies and describe recent discourse on the idea of “repeasantization”. 
Ultimately my intention is to draw a link between the two and argue that a process of resur-
recting sustainable peasant livelihoods can only take place by giving sufficient attention to the 
politics of land access among smallholder and indigenous populations.

2.1. Social considerations in agroecology

Open the pages of many agroecology texts and you will find research that could belong in a 
journal dedicated to the larger field of ecology. Agriculture, Ecosystems and Environment, the 
highest ranking agroecology journal [6], prioritizes research “at the field, system or landscape 
level” and “data-based biophysical modeling” focused on “biological and physical charac-
teristics of agroecosystems” and “relationships between agroecosystems and the natural 
environment”. The journal’s Aims & Scope page does mention sustainability, global envi-
ronmental change, and land use, but only in abstract terms, with no mention of humans, 
societies, economics, or political systems. Agroecology is framed as simply “the application 
of ecology in agriculture” ([7], p. 2).

On one hand this is unremarkable. A field dedicated to the quest for a more sustainable agri-
culture must be rooted in the science behind sustainable production techniques. On the other 
hand this exclusion of social, political, or economic components from the field’s top journal 
is troubling. As scholars we are fundamentally interested in causality, and to think of agro-
environmental problems only in terms of technical or ecological parameters is to narrow one’s 
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vision, for the causes and solutions to problems of agricultural unsustainability are nearly 
always rooted in social conditions. Agriculture is not merely a biophysical endeavor but “a com-
plex socio-ecological system”, conceived of and carried out by humans embedded within an 
economic-political-cultural matrix ([8], p. 6).

The question of what role “the social” should play within the field of agroecology has been 
under intense discussion for the better part of a decade, with roots going back even further 
(e.g., [9]). For the first half of its near century-long development as a field, agroecology tended 
to “emphasize the crops and not the people who grew them” ([10], p. 22), but the social sci-
ences have become increasingly integrated in order to “better understand the complexity of 
agriculture that emerges from unique sociocultural contexts” ([8], p. 3), from the “wider social 
formations in which [farmers] are embedded” ([35] p. 12).

The more recent advance is not merely to study social forces, but to advocate for social justice 
for small farmers. Two prominent agroecologists explicitly frame agroecology as a “revolu-
tion” whose purpose is to “ensure food sovereignty and empower peasants” [11]. La Vía 
Campesina ([12], p. 15), a global network comprising the world’s largest peasant advocacy 
movement, does not mince words: “Agroecology is a struggle to liberate ourselves from the 
global capitalist system and attain food sovereignty and autonomy of the people”.

And how is this struggle to be carried out? Put simply, since “the sustainability of an agro-
ecosystem is not just the result of a series of physical and biological properties, but also the 
reflection of power relations,” the “practical dimension of agroecology requires politics” ([13], 
pp. 46, 50). Without a political component focused on achieving food sovereignty for peasant 
households, agroecology is “just a technical fix” [14]. This paper does not pretend to identify 
a comprehensive solution to agricultural unsustainability, but it proceeds from the assump-
tion that socio-political factors must be considered in order to identify both a problem and its 
remedies.

2.2. Repeasantization

As the Results section will show, what the community leaders and inhabitants of my field 
site of Llaguepulli desire is to regain some of the autonomy over their farming systems that 
they traded in when they began following a conventional, input-reliant form of agriculture 
decades ago. They might do this by converting from conventional to organic practices, by 
growing alternative crops, by developing new market channels, or some of the other strate-
gies peasant groups around the world are using to find alternatives to the Green Revolution 
model. They thus hope to join a process which has been given the term “repeasantization”.

The scholarly discourse on repeasantization links to earlier debates about “depeasantization,” 
and to a century-long discussion of “the agrarian question” before that. It is voluminous, and 
I do not aim for a comprehensive treatment; recent works have accomplished this with skill 
and lucidity (see [15, 16]). Rather my goal is to sketch out the parameters of the topic as they 
apply to the situation in Llaguepulli. I will structure my discussion around a set of linked 
questions: What is driving the process of repeasantization; what forms does the process take; 
and what are the main impediments it faces?

Sustainability of Agroecosystems20

2.2.1. What is driving the process of repeasantization, and what forms does it take?

The elements of a formal social movement advocating for repeasantization are powerful and 
manifest on a global scale. La Vía Campesina has grown from a loose collective of 47 peas-
ant and rural worker organizations in 19 countries in the early 1990s [17] to a network of 164 
member organizations in 73 countries today [12], and is “considered by many to be the most 
important transnational social movement in the world” ([17], p. 150). An ever-expanding 
body of case studies spanning every continent indicates that a growing number of farmers, 
villages, cooperatives, and peasant groups is seeking an alternative way to produce, distrib-
ute, and consume food (see [18]), and what makes the case compelling is the reasons that 
underlie these efforts.

The basic agricultural system that peasants have either willingly or been forced to adopt 
in the second half of the twentieth century has core features that are nearly ubiquitous, 
regardless of crop or geography: it is “a high external input, fossil fuel based, export ori-
ented, monoculture cropping system” ([10], p. 24). In other words, small farmers the world 
over switched from a “peasant mode” of agriculture, based on growing a diversity of 
crops, exchanging them within local markets, and prioritizing food security, to a conven-
tional mode based on growing a limited set of commodity crops for external markets using 
agrochemicals. This switch weaves smallholders into the fabric of global capitalism, where 
they are subject to the whims of market forces (via input costs and market prices) and 
placed at a distinct disadvantage relative to the scale of the agro-industrial complex (com-
peting against large, often state-subsidized commodity growers). “The global profitability 
of farming activity has been progressively declining … as a consequence of the unequal 
relationship of exchange between the agrarian sector and the industrial and service sector” 
([13], p. 48).

Hence, there is a set of conditions whose effects on peasant livelihoods have accumulated 
for decades, leading to a shared sense of aggrievement towards the capital-intensive agricul-
tural model. So, to the degree that we are witnessing a repeasantization movement, it is not 
that peasant agriculture is naturally superior to large-scale capitalist agriculture, but that the 
industrial system has failed to meet the needs of smallholder households. “When the politi-
cal-economic arrangements upon which entrepreneurial farming is grounded begin to erode, 
… peasant agriculture re-emerge[s] again as a far more resilient and economically effective 
alternative” ([35] p. 13).

Corrado [36] argues that the “new peasant condition” is formulated around three poles: the 
centrality of food to the peasant lifeway; an economics of self-sufficiency and pluriactivity; 
and the importance of “territory,” by which she refers to both the set of local natural resources 
(soils, seeds, etc.) as well as localized social relations. These three poles would seem to be 
backed up by the public face of the movement – for example, La Vía Campesina’s most recent 
annual report makes an impassioned call for food sovereignty, greater economic and political 
freedoms, and peasants’ struggle for territory.Van der Ploeg’s book and article in The Journal of 
Peasant Studies are the most thorough attempts to theorize the repeasantization process [16, 35].  
He describes six major “avenues” along which repeasantization takes place:
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1. Land is perhaps the single, central resource of concern for peasants. It is crucial as the basis 
for both food sovereignty and ecological capital. This has not changed much from peasant 
struggles of decades ago, but there are now renewed options for the use of that land.

2. Self-provisioning, which combines the idea of control over one’s own food supply (food 
sovereignty) with control over the resources needed for the continued (re)production of 
the household.

3. Proactive market integration, meaning not that peasants always immerse themselves fully in 
circuits of capital, but that they have greater power to choose their degree of integration 
into or distantiation from markets.

4. A greater emphasis on agroecology, or the effort to improve a household’s ecological capital, 
or what Van der Ploeg calls the “co-production of humans and nature”.

5. Proactive resistance against the agro-industrial complex, not via political measures but via 
alternative production practices and market networks.

6. Alternative markets for the distribution and sale of food.

Van der Ploeg can be accused of being overly optimistic about the potential for peasants to 
take control of their fields and their fates in the face of powerful countervailing forces, and 
indeed there are scholars who remain skeptical of the power of a movement framed around 
food sovereignty [19]. Though Van der Ploeg’s aim is not to advocate but to describe the gen-
eral contours of a varied movement, the skeptical view hints at the need to consider the more 
critical question of what barriers stand in the way of repeasantization.

2.2.2. What are the main impediments to the repeasantization process?

If it is true that new possibilities exist for peasant producers to reclaim autonomy and use 
ecological capital to build new rural livelihoods, it is also true that an array of powerful forces 
run counter to their efforts. For example, many peasant communities are located far from city 
centers and linked to them via dirt or gravel roads, increasing transaction costs and opportu-
nity costs. In the absence of direct market access, marginalized smallholders’ only option for 
selling their crops may be the one intermediary servicing the community, who can pay low 
prices due to a lack of any other buyers [20]. As we will see below, in Llaguepulli the inter-
mediary potato buyer acts as a monopoly agent with control over the price offered farmers.

If farmers cannot provide the nutritional needs of their family, and if they cannot generate 
income by selling their products for lack of market access, they may have little other recourse 
but to seek out wage labor, either in the agricultural sector or in nearby cities. Fairbairn et al. 
[21] identify this “blurring of rural-urban relations through hybrid livelihoods” as one of the 
four most relevant themes in the field of agrarian change, while for the Mapuche specifically, 
Bengoa informs us that land limitations and modernization processes have compelled a con-
stant process of migration away from rural communities, leaving behind a “remnant popula-
tion” ([22], p. 75). So we encounter another set of barriers to achieving a more sustainable farm 
system: how far away is the labor opportunity, how often must one journey off the farm to 
access it, and how much does it pay? [20].
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If access to agricultural markets and access to labor markets are two critical factors in peasant 
livelihood sustainability, they are joined by a third and arguably the most critical of all: access 
to land. Fairbairn et al. [21] name land and resource dispossession as perhaps the most promi-
nent commonality across four decades of agrarian scholarship. Similarly, Amin’s [23] recent 
theoretical dissection of food sovereignty and the peasantry zeroes in on land, land tenure, 
and land access as “central to debates on the future of agricultural and food production [and] 
peasant societies”.

The very term “smallholder” hints at one component of the land problem. The World Bank 
defines the term as someone farming less than 2 ha of land, an amount that the International 
Fund for Agricultural Development labels as “often too small to ensure the nutritional well-
being of the household” – and especially so if we consider the need to produce protein for a 
family ([24], p. 26). In addition to size, due to their socioeconomic status and their exclusion 
from mainstream processes of development, peasants are often “forced onto unproductive 
land … located in difficult environments for agriculture (arid, steep hills, etc.), often with poor 
soils and without access to irrigation” ([25], p. 25). This describes with eerie precision the vil-
lage of Llaguepulli, with its steep hillsides, thin soils, and a virtually nonexistent irrigation 
infrastructure.

A final barrier worthy of note is the state, which has the power to “create favorable or adverse 
conditions for … the productive capacity of an agroecosystem” ([13], p. 53; emphasis added). 
A centralized government holds power over financial resources (availability of subsidies or 
credit), infrastructure (roads, bridges, market infrastructure), and regulations (land titling, 
vendor licensing, prerequisites for obtaining loans) that are crucial linchpins in a commu-
nity’s ability to create ecological farming systems. This has certainly been the case in Chile, 
where Mapuche smallholders have been actively marginalized by a state apparatus that 
viewed them as impediments to progress [2], and in Llaguepulli specifically, where good 
credit, paved roads, and clear land title have all been obfuscated or delayed according to 
many of my respondents.

This list of barriers is brief and far from exhaustive. I have highlighted several of the key con-
straints that will prove to resonate with the situation among the smallholders of Llaguepulli, 
in order to bring us back to the field of agroecology. All of the barriers mentioned – access 
to markets, to wage opportunities, to infrastructure, to credit, and, most of all, to land – can 
be classified as access to resources, and “if farmers cannot access the resources they need, … 
they cannot continue to maintain or develop sustainable agroecosystems.” An agroecolo-
gist, therefore, must “move beyond the farm-scale to consider the … complex challenges, 
both social and ecological, that smallholders face in the transition towards sustainability” 
([8], p. 12).

3. Research question

My fieldwork takes up this challenge by posing the following question: What are the ecologi-
cal and social conditions that motivate and that constrain the move towards a more sustain-
able agroecological system in a community of indigenous smallholders in southern Chile?
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prices due to a lack of any other buyers [20]. As we will see below, in Llaguepulli the inter-
mediary potato buyer acts as a monopoly agent with control over the price offered farmers.

If farmers cannot provide the nutritional needs of their family, and if they cannot generate 
income by selling their products for lack of market access, they may have little other recourse 
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[21] identify this “blurring of rural-urban relations through hybrid livelihoods” as one of the 
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A centralized government holds power over financial resources (availability of subsidies or 
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nity’s ability to create ecological farming systems. This has certainly been the case in Chile, 
where Mapuche smallholders have been actively marginalized by a state apparatus that 
viewed them as impediments to progress [2], and in Llaguepulli specifically, where good 
credit, paved roads, and clear land title have all been obfuscated or delayed according to 
many of my respondents.

This list of barriers is brief and far from exhaustive. I have highlighted several of the key con-
straints that will prove to resonate with the situation among the smallholders of Llaguepulli, 
in order to bring us back to the field of agroecology. All of the barriers mentioned – access 
to markets, to wage opportunities, to infrastructure, to credit, and, most of all, to land – can 
be classified as access to resources, and “if farmers cannot access the resources they need, … 
they cannot continue to maintain or develop sustainable agroecosystems.” An agroecolo-
gist, therefore, must “move beyond the farm-scale to consider the … complex challenges, 
both social and ecological, that smallholders face in the transition towards sustainability” 
([8], p. 12).

3. Research question

My fieldwork takes up this challenge by posing the following question: What are the ecologi-
cal and social conditions that motivate and that constrain the move towards a more sustain-
able agroecological system in a community of indigenous smallholders in southern Chile?
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4. Research site and methodology

Llaguepulli is a village consisting of approximately 40 households1 spread out across a series 
of hills and valleys at latitude 38.9 degrees south, along several small bays of the undulating 
coastline of Lake Budi, a salty lake measuring approximately 120 km2 in area [26]. It is part of 
the commune of Teodoro Schmidt in La Araucanía, the 9th region of Chile.

My introduction to the community occurred over several stages. First I established con-
tact with a community leader during a visit in 2013, then with two employees of MAPLE 
Microdevelopment, a NGO that has been working closely with Llaguepulli on community-
based development projects since 2012 [5]. In 2014, at a community-wide meeting, a letter 
I had written explaining my research intentions was presented to the community, which 
resulted in a written invitation from the community leadership to come and conduct a study 
of farming livelihoods and sustainability. My family and I arrived in November 2015 and 
lived there for 3.5 months, through the middle of February 2016.

I began by collecting a list of names and phone numbers of interested individuals at the first 
community meeting after our arrival, and after meeting with these individuals my sample 
grew through the “snowball sampling” technique, which consists of asking interviewees 
for the names of other potential respondents. Each family visit consisted of a walk around 
their property, followed by a semi-formal recorded interview. In total I conducted interviews 
with 38 individuals representing 25 households in the community (63% of households). This 
sample consisted of 21 adult males and 17 adult females, with an age range of 26–76 and an 
average age of 52. Of the 25 households, one does not engage in any agriculture – neither 
farming nor gardening – while the other 24 either garden or cultivate a larger acreage, or both 
(see Table 1 below). Visits lasted on average 90 minutes, including the interviews which took 
approximately 1 h each.

In addition to interviews, I engaged in participant observation throughout the 3.5 months, 
which consisted of many distinct acts: attending monthly community meetings, at which the 
key issues facing the community are discussed at length; working with various individuals, 
including my two collaborators from MAPLE, to establish several community garden plots 
and give workshops on ecological gardening practices (see [27]); volunteering to help families 
plant and harvest crops, weed gardens, cut firewood, etc.; and attending semi-monthly meet-
ings of a community-based banking group initiated by MAPLE, where community savings 
accounts and a microloan program are discussed. This immersion in a community’s daily life 
exposes one to its rhythms and brings with it a distinct set of observations and insights. Before 
taking on the research question itself, I will present a descriptive snapshot of the community 
focusing on its agricultural resources and practices.

1The figure is imprecise due to some inhabitants splitting their time between the village and nearby cities for work, and 
the inherent seasonal fluctuation of the population.
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5. Description of the community

5.1. Landholdings

Llaguepulli is truly a community of smallholders. The average landholding per household is 
2.2 ha, with a range of <0.5–7 ha, and 11 of the 25 households (44%) holding 1 ha or less.

5.2. Resources

Table 1 displays ownership of key agricultural resources by household, revealing several 
patterns of note. Every household except three (88%) features a home garden in which a 
large proportion of the family’s vegetables are grown, along with a variety of flowers and 
herbs. Similarly, every household except three (88%) has some livestock (other than oxen 
for draft power), ranging from poultry to pigs to sheep, and a few households with meat 
cows. No households have dairy animals. A slightly lower number of households (80%) 
have enough arable land to cultivate field crops – most with a plow but some, on the small-
est acreages, with hand tools. Just under two-thirds of households (64%) have plastic green-
houses (built by hand with locally cut wood). In terms of more basic equipment, just under 
half of households (48%) possess an iron plow and just over half (52%) possess a pair of 
oxen. The latter is a notable fact, as land is the agricultural resource in shortest supply, and 
maintaining a pair of oxen requires considerable space for pasture and hay. The households 
who do not own a plow or a set of oxen either do not have enough arable land for field 
crops, or they work the soil by hand, or they pay someone from outside the community to 
plow with a tractor.

Table 1. Agricultural resources owned by household (n = 25).
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5.3. Agricultural practices

I turn now to specific agricultural practices, and in particular those that have some bearing 
on sustainability. First there is the issue of growing organically. As I will discuss below, many  
community members mention a strong desire to free themselves from the use of chemical fertiliz-
ers and pesticides, but their ability to do so is split sharply by the scale of their cultivation. Table 2  
displays the breakdown of organic practices at two scales: the field scale (staple crops, notably 
potatoes and wheat and, to a lesser degree, oats and peas) and the garden scale. Of the 22 house-
holds who manage a home garden, 18 use strictly organic practices (animal manure as fertilizer, 
manual weed cultivation, and in some cases spreading ashes to combat blight in potatoes). At the 
field scale, the story is entirely the opposite – only a single family grows its field crops (potatoes, 
beans, and quinoa) using only composted manure, which they purchase from another commu-
nity member. 17 of the 20 respondents with field crops (85%) use both conventional fertilizer 
and chemical pesticides for managing potato blight, while two have recently been experiment-
ing with mixing conventional fertilizer and manure together, with an eye towards becoming all 
organic. The reasons for this discrepancy will be made clear later in the paper.

Aside from organic, my interviews revealed an impressively long list of other innovative tech-
niques, listed in Table 3. One might assume that the list is accounted for by a small handful 
of innovative or entrepreneurial households, but this is not the case. Of the 25 households 
surveyed, fully 20 of them (80%) are represented on the list. To give another metric, the six 
techniques at the bottom of the list, practiced by just one household each, are spread across 
five different households. So there seems to be a high level of agricultural innovation oriented 
towards sustainability in the community.

5.4. Food self-sufficiency

There are five crops grown at scales larger than home gardens: potatoes and wheat dominate, oats 
are third, and peas and fava beans are a distant fourth and fifth, in terms of total acreage planted. 
Oats are almost exclusively grown as animal feed, while the other four are grown for human 
consumption (with small quantities of wheat fed to animals) or to sell; but the distinction between 
household consumption and market sales is critical. Almost all families make bread every day or 
two, and almost all of this wheat comes from their own fields. The same is true of potatoes, which 
are both the dominant commercial crop and a staple starch in the community’s diet.

Table 4 reports the breakdown between consumption and sales for these five crops. Of the 
20 households who grow potatoes and the 11 households who grow wheat, only a single 

Table 2. Crop and garden management by household.
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household for each (the same household) reported growing the crop exclusively in order to 
sell it. Most of the others grow for some combination of self-consumption and market sale, 
and nearly half of the households report only growing the crop in order to consume it. For 
oats, peas, and fava beans the numbers are even more striking: no households grow them 
exclusively to sell, and over half grow them exclusively for consumption.

This striking level of self-consumption underscores the ongoing existence of the “moral econ-
omy of the peasant” [28]: the prioritization of household food security, even at the expense 
of turning down off-farm work that could produce more income (see [29] for a recent discus-
sion). This in a sense provides empirical backing that the inhabitants of Llaguepulli are not 
merely rural residents but are peasants in the more conceptually important sense. One of my 
respondents articulated this relationship elegantly: “Everything that I harvest, the first prior-
ity is leaving enough for the rest of the year. Wheat, for bread. And potatoes too, I also store 
them to eat them. And when I need a little money, I sell something else – potatoes, or a little 
animal … But the first priority is leaving enough for the year.” Another linked this not just to 

Table 3. Agricultural innovations by number of household (n = 25).
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respondents articulated this relationship elegantly: “Everything that I harvest, the first prior-
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being a campesino, but an indigenous one: “A Mapuche wants to have a little bit of everything. 
For example, sheep for wool. Pigs for their meat. And other animals from time to time – for 
example cows to sell.”

With this agricultural portrait of the community providing some background context, I turn 
now to the empirical research question. I break the following section into two parts, corre-
sponding to the two halves of the query: What are the conditions that (a) motivate and (b) 
constrain the move towards a sustainable agroecological system in the indigenous small-
holder community of Llaguepulli, Chile?

6. Results

Motivating factors are primarily two-fold: a deep frustration with the constant cycle of debt 
incurred by commodity crop production, and a strong attraction to the idea of organic farm-
ing. Constraining factors are more complex. They begin with the loss of traditional agro-
ecological knowledge, then metastasize in the form of a lack of manure for use as organic 
fertilizer and a lack of animals for producing it. This insufficiency of animals stems from 
severe land constraints, which links all the way back to historical land dispossession by the 
Chilean state. In this section I will expand on each of these factors in turn.

6.1. Motivating factors

My interviews revealed one major “push factor” (an element of the current system that respon-
dents were dissatisfied with) and one major “pull factor” (an element of an alternative system 
that they were drawn to) that served as motivators for seeking an agroecological alternative.

6.1.1. Push factor: cycles of debt

From an economic point of view there are two basic aspects of any farming system – costs 
and revenues – and on this point the agrarian studies literature is unequivocal: peasants are 
damned at every turn. They are often located far from primary markets, making the costs of 
purchasing inputs and of transporting their products higher. They are small in scale and can-
not produce in volume to take advantage of the meager profit margins for commodity crops. 
They are economically marginalized and rarely have surplus capital or savings,  making them 
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dependent on debt for financing a given year’s production. And compounding all of the 
above factors, they are often at the mercy of a single intermediary for supplying their inputs 
or purchasing their crops, or a single lender able to charge usurious interest rates [23]. Let 
us use the responses of community members to consider each of these three elements: costs, 
revenues, and indebtedness.

My very first interviewee put the matter most bluntly: “We are not happy with farming 
because there is no profit”. I asked him and his wife if they have noticed any rise in prices, 
and they responded:

Husband: For potatoes, no. But for fertilizers, yes they go up a lot.

Wife: Fertilizers increase a lot.

Husband: A farmer is left in debt if he sows a lot of potatoes. Because potatoes demand a lot. You have 
to give it a lot of fertilizer. Then in order to control disease you have to buy all kinds of remedies. So in 
the end, it doesn’t pay to sow a lot. And then after, you have to find a worker to help you harvest the 
potato. So, a lot of costs.

Confirmations of this trend were universal among those who spoke to the cost of inputs. One 
farmer related that roughly 10 years before, a 50 kg sack of potato fertilizer cost 5000–6000 
pesos, but by 2016 the cost had more than tripled to 20,000+ pesos (USD $27+ at the time of 
the research). Other respondents’ recollections matched this, for example one quoting a price 
of 20,000 and another 22,000 for a bag of fertilizer. And this is not to even mention pesticides, 
which have become nearly required for growing potatoes (due to the entry of late blight into 
the community) and which, according to one man, “are almost more than the original chemi-
cals for fertilizing.”

Meanwhile, the costs received by the farmers are stagnant. One reason is a simple fact of eco-
nomic geography: there are more fertile, flat, and well-irrigated fields elsewhere in the coun-
try where crops such as potatoes can be produced at much higher volumes and much lower 
cost, forcing these smallholders to lower their prices in order to compete. A second reason is 
more a fact of agronomy: the vast majority of potato growers in Llaguepulli are cultivating the 
same variety and planting it at the same time, which means it is ready for harvest at the same 
time, which means supply surges and the price plummets at harvest.

The main harvest window for the standard variety of potatoes stretches from mid December to 
late January. Earlier, in the middle of November, one woman told me that potato prices were 
high because most varieties had not matured yet, but she predicted that by mid-December the 
prices would drop “and they would not come back up again”. Her husband informed me that 
new potatoes were selling for 30,000 pesos per 50 kg sack. Another grower told me that the first 
potatoes to come out of the ground (the “new potatoes” or papas nuevas) had been bringing 40,000 
pesos per sack. At a community meeting in early December someone noted that just recently 
the price had dropped from 30,000 down to 22,000. On December 8 I encountered a farmer who 
had just sold a load of potatoes to an intermediary for the price of 15,000 per sack. On January 
13 another campesino informed me the price had dropped to 8000, and by the end of January 
several people told me that potatoes were now selling for 5000 pesos a sack. No one I interviewed 
keeps careful accounting records, so it is impossible to say with certainty, but my informal calcu-
lations indicate that at a price received of 5000 pesos, a farmer is losing money on every sack sold.
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being a campesino, but an indigenous one: “A Mapuche wants to have a little bit of everything. 
For example, sheep for wool. Pigs for their meat. And other animals from time to time – for 
example cows to sell.”
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holder community of Llaguepulli, Chile?

6. Results
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ing. Constraining factors are more complex. They begin with the loss of traditional agro-
ecological knowledge, then metastasize in the form of a lack of manure for use as organic 
fertilizer and a lack of animals for producing it. This insufficiency of animals stems from 
severe land constraints, which links all the way back to historical land dispossession by the 
Chilean state. In this section I will expand on each of these factors in turn.

6.1. Motivating factors

My interviews revealed one major “push factor” (an element of the current system that respon-
dents were dissatisfied with) and one major “pull factor” (an element of an alternative system 
that they were drawn to) that served as motivators for seeking an agroecological alternative.

6.1.1. Push factor: cycles of debt

From an economic point of view there are two basic aspects of any farming system – costs 
and revenues – and on this point the agrarian studies literature is unequivocal: peasants are 
damned at every turn. They are often located far from primary markets, making the costs of 
purchasing inputs and of transporting their products higher. They are small in scale and can-
not produce in volume to take advantage of the meager profit margins for commodity crops. 
They are economically marginalized and rarely have surplus capital or savings,  making them 

Table 4. Field crops grown for consumption versus market sale (n = 20).

Sustainability of Agroecosystems28

dependent on debt for financing a given year’s production. And compounding all of the 
above factors, they are often at the mercy of a single intermediary for supplying their inputs 
or purchasing their crops, or a single lender able to charge usurious interest rates [23]. Let 
us use the responses of community members to consider each of these three elements: costs, 
revenues, and indebtedness.

My very first interviewee put the matter most bluntly: “We are not happy with farming 
because there is no profit”. I asked him and his wife if they have noticed any rise in prices, 
and they responded:

Husband: For potatoes, no. But for fertilizers, yes they go up a lot.

Wife: Fertilizers increase a lot.

Husband: A farmer is left in debt if he sows a lot of potatoes. Because potatoes demand a lot. You have 
to give it a lot of fertilizer. Then in order to control disease you have to buy all kinds of remedies. So in 
the end, it doesn’t pay to sow a lot. And then after, you have to find a worker to help you harvest the 
potato. So, a lot of costs.

Confirmations of this trend were universal among those who spoke to the cost of inputs. One 
farmer related that roughly 10 years before, a 50 kg sack of potato fertilizer cost 5000–6000 
pesos, but by 2016 the cost had more than tripled to 20,000+ pesos (USD $27+ at the time of 
the research). Other respondents’ recollections matched this, for example one quoting a price 
of 20,000 and another 22,000 for a bag of fertilizer. And this is not to even mention pesticides, 
which have become nearly required for growing potatoes (due to the entry of late blight into 
the community) and which, according to one man, “are almost more than the original chemi-
cals for fertilizing.”

Meanwhile, the costs received by the farmers are stagnant. One reason is a simple fact of eco-
nomic geography: there are more fertile, flat, and well-irrigated fields elsewhere in the coun-
try where crops such as potatoes can be produced at much higher volumes and much lower 
cost, forcing these smallholders to lower their prices in order to compete. A second reason is 
more a fact of agronomy: the vast majority of potato growers in Llaguepulli are cultivating the 
same variety and planting it at the same time, which means it is ready for harvest at the same 
time, which means supply surges and the price plummets at harvest.

The main harvest window for the standard variety of potatoes stretches from mid December to 
late January. Earlier, in the middle of November, one woman told me that potato prices were 
high because most varieties had not matured yet, but she predicted that by mid-December the 
prices would drop “and they would not come back up again”. Her husband informed me that 
new potatoes were selling for 30,000 pesos per 50 kg sack. Another grower told me that the first 
potatoes to come out of the ground (the “new potatoes” or papas nuevas) had been bringing 40,000 
pesos per sack. At a community meeting in early December someone noted that just recently 
the price had dropped from 30,000 down to 22,000. On December 8 I encountered a farmer who 
had just sold a load of potatoes to an intermediary for the price of 15,000 per sack. On January 
13 another campesino informed me the price had dropped to 8000, and by the end of January 
several people told me that potatoes were now selling for 5000 pesos a sack. No one I interviewed 
keeps careful accounting records, so it is impossible to say with certainty, but my informal calcu-
lations indicate that at a price received of 5000 pesos, a farmer is losing money on every sack sold.
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And so, with farmers caught between the constant squeeze of rising input costs and stagnant 
farm gate prices, they are forced into a system of debt in order to fund the annual production 
cycle. There are only two sources for financing: a local bank, if they will lend to a Mapuche 
campesino, or INDAP (Institute for Farm and Livestock Development), an agency under the 
government’s Ministry of Agriculture dedicated to the support of small-scale farmers and 
ranchers. Both come in for equal scorn from the inhabitants of Llaguepulli.

One interviewee said bluntly, “The banks bleed the peasant farmers” (Los bancos desangran a 
los campesinos), describing how a loan for 1 million pesos must be paid back at 30% interest, 
and all at once rather than month-by-month. Few farmers have this much net revenue all at 
once, the interviewee said, so they must request an extension, in which case the 1.3 million 
peso debt suddenly balloons to 2 million pesos. A 30% interest rate turns into a 100% rate. 
Though this narrative seems hard to believe, it was echoed by others, who noted that the 
moment one defaults on a payment, the interest rate skyrockets.

According to another respondent, who has actually served as an extension agent for farmers in sev-
eral local communities, INDAP may not charge such blatantly usurious interest rates, but the end 
result is effectively the same, because after a farmer sells their crop, “the profit margin they have, 
they have to give it to INDAP. So, generally, they continue on in this circle. And it's too difficult to 
innovate or change.” Much of the time an elderly peasant spent talking to me was consumed with 
discussing the many years during which he had labored under a debt burden to INDAP.

I would be remiss if I painted the debt problem as strictly a structural one: as with any complex 
issue, there is an interplay between structure and human action. One respondent, a younger 
woman who lives in the community part-time and has witnessed her parents’ struggle with debt, 
expressed frustration with the way in which the agronomic conservatism of the peasant contributes:

It's illogical, because the inputs for growing potatoes – for example, the variety most used around here, 
the seeds are super expensive! And I think that no one – not even my parents, who are truly potato pro-
ducers – gives concern to the costs or to whether they ultimately get any profit. I don't think they make 
that calculation. How much they spend, like, I don't know, 3 million [pesos] to grow the crop, and then 
afterwards they get 3 and a half million, it's hardly a profit. But then along comes March, and they do 
the whole thing over again. (emphasis added)

What is notable is the way in which the smallholder feels yoked into the system, lacking the 
resources (capital, education, mobility) to leave or envision growing anything different. One 
pair of commentators, a widowed female landowner and her younger male farmworker, bit-
ingly captured this sense of entrapment:

Respondent 1: We have to pay the debt we have. At times there isn't even enough to pay oneself. Because 
if the harvest is bad, and if the price is low, there isn't enough to pay oneself. And you're left short.

Respondent 2: You have to buy the input to sell [the crop] just to pay the loan off. You're left with very 
little for your [household] costs. That's the reason the campesino goes no further. We can't get ahead 
… That's the reason the campesino is indebted. The campesino can't get ahead in any way, because the 
costs are large.

6.1.2. The pull factor of organic

The “push factor” of debt is made more powerful when paired with some notion of an alter-
native, and my interviews revealed a strong draw towards the idea of not just sustainable 
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agriculture generally, but organic farming in particular. It begins with the recognition that 
there is another way possible. Some stated it as simply as that – “We know there is an alterna-
tive – growing organically”, said a middle-aged female respondent. Others framed the desire 
specifically as a yearning to return to an earlier form of farming, the kind practiced by their 
ancestors. Here are a sampling of responses from three different interviews, with the key 
words italicized for emphasis:

It would be sensational to be able to return to [organic methods] – that would be ideal. Then we would 
be eating more natural food.

We have given a lot of thought, gone round and round, on how we can reclaim, on a small scale, our 
organic agriculture. With potatoes for example, we want to grow them for our own consumption, to go 
back to having healthy potatoes [grown] with nothing but organic compost.

I feel that the land has become so tired, is so miserable, is sick, so if we get back to farming with products 
that are natural, with compost, like they farmed in the old days, I think that the land can be a good. It's 
like giving it medicine.

Much of this seems tied to remembering farming in the “old days”, as numerous respondents 
told stories of how their parents or grandparents cultivated plants using only animal manure 
as a fertilizer, or recalled how good the harvests were or how healthy the plants were before 
the arrival of agrochemicals. Members of 14 households specifically made such comments, 
even though I never asked a specific question about how their parents farmed. One respon-
dent, probably the most well-traveled and well-educated in the village, made a link not just 
to his ancestors but to indigeneity:

It's very important because I think it can rescue the traditional ways of organic, agrarian production 
that Mapuche families practiced before the arrival of Occidental peoples to the South American conti-
nent – that they had been practicing since forever … Before, they didn't use pesticides, fungicides, not 
even chemical fertilizers.

But respondents did not have to reminisce about a past – real or imaginary – in order to con-
jure the appeal of going organic. In line with the data above (see Tables 2 and 3), most of them 
have experience raising an organic vegetable garden, and some of them with growing organic 
crops at scale. And here the response is unequivocal. Many spoke of the superiority (in terms 
of both production and quality) of organic methods in the home garden. One man noted that 
whenever they have extra animal manure left over after fertilizing the garden they use it on 
the field potatoes:

And they give good potatoes! They're the best potatoes you can harvest. Because they live healthily. 
They don't come with chemicals. Super healthy. They're delicious to eat too. The difference is huge, the 
difference between chemicals and animal manure.

The benefits extend beyond mere production and taste. An elderly woman related how last 
year she and her husband sowed beans with nothing but manure as fertilizer, and even 
though there was a terrible drought, they produced a “great harvest” – no doubt due to the 
enhanced water holding capacity that higher organic matter levels bring. And others display 
an insightful understanding of the mounting negative effects of agrochemical use, including 
the persistence of certain compounds in the soil, the unintended killing of beneficial insects 
and worms, and what is referred to in the sociology of agriculture as the “pesticide treadmill”. 
One farmer, one of the most innovative in terms of experimenting with alternative crops such 
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And so, with farmers caught between the constant squeeze of rising input costs and stagnant 
farm gate prices, they are forced into a system of debt in order to fund the annual production 
cycle. There are only two sources for financing: a local bank, if they will lend to a Mapuche 
campesino, or INDAP (Institute for Farm and Livestock Development), an agency under the 
government’s Ministry of Agriculture dedicated to the support of small-scale farmers and 
ranchers. Both come in for equal scorn from the inhabitants of Llaguepulli.

One interviewee said bluntly, “The banks bleed the peasant farmers” (Los bancos desangran a 
los campesinos), describing how a loan for 1 million pesos must be paid back at 30% interest, 
and all at once rather than month-by-month. Few farmers have this much net revenue all at 
once, the interviewee said, so they must request an extension, in which case the 1.3 million 
peso debt suddenly balloons to 2 million pesos. A 30% interest rate turns into a 100% rate. 
Though this narrative seems hard to believe, it was echoed by others, who noted that the 
moment one defaults on a payment, the interest rate skyrockets.

According to another respondent, who has actually served as an extension agent for farmers in sev-
eral local communities, INDAP may not charge such blatantly usurious interest rates, but the end 
result is effectively the same, because after a farmer sells their crop, “the profit margin they have, 
they have to give it to INDAP. So, generally, they continue on in this circle. And it's too difficult to 
innovate or change.” Much of the time an elderly peasant spent talking to me was consumed with 
discussing the many years during which he had labored under a debt burden to INDAP.

I would be remiss if I painted the debt problem as strictly a structural one: as with any complex 
issue, there is an interplay between structure and human action. One respondent, a younger 
woman who lives in the community part-time and has witnessed her parents’ struggle with debt, 
expressed frustration with the way in which the agronomic conservatism of the peasant contributes:

It's illogical, because the inputs for growing potatoes – for example, the variety most used around here, 
the seeds are super expensive! And I think that no one – not even my parents, who are truly potato pro-
ducers – gives concern to the costs or to whether they ultimately get any profit. I don't think they make 
that calculation. How much they spend, like, I don't know, 3 million [pesos] to grow the crop, and then 
afterwards they get 3 and a half million, it's hardly a profit. But then along comes March, and they do 
the whole thing over again. (emphasis added)

What is notable is the way in which the smallholder feels yoked into the system, lacking the 
resources (capital, education, mobility) to leave or envision growing anything different. One 
pair of commentators, a widowed female landowner and her younger male farmworker, bit-
ingly captured this sense of entrapment:

Respondent 1: We have to pay the debt we have. At times there isn't even enough to pay oneself. Because 
if the harvest is bad, and if the price is low, there isn't enough to pay oneself. And you're left short.

Respondent 2: You have to buy the input to sell [the crop] just to pay the loan off. You're left with very 
little for your [household] costs. That's the reason the campesino goes no further. We can't get ahead 
… That's the reason the campesino is indebted. The campesino can't get ahead in any way, because the 
costs are large.

6.1.2. The pull factor of organic

The “push factor” of debt is made more powerful when paired with some notion of an alter-
native, and my interviews revealed a strong draw towards the idea of not just sustainable 
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agriculture generally, but organic farming in particular. It begins with the recognition that 
there is another way possible. Some stated it as simply as that – “We know there is an alterna-
tive – growing organically”, said a middle-aged female respondent. Others framed the desire 
specifically as a yearning to return to an earlier form of farming, the kind practiced by their 
ancestors. Here are a sampling of responses from three different interviews, with the key 
words italicized for emphasis:

It would be sensational to be able to return to [organic methods] – that would be ideal. Then we would 
be eating more natural food.

We have given a lot of thought, gone round and round, on how we can reclaim, on a small scale, our 
organic agriculture. With potatoes for example, we want to grow them for our own consumption, to go 
back to having healthy potatoes [grown] with nothing but organic compost.

I feel that the land has become so tired, is so miserable, is sick, so if we get back to farming with products 
that are natural, with compost, like they farmed in the old days, I think that the land can be a good. It's 
like giving it medicine.

Much of this seems tied to remembering farming in the “old days”, as numerous respondents 
told stories of how their parents or grandparents cultivated plants using only animal manure 
as a fertilizer, or recalled how good the harvests were or how healthy the plants were before 
the arrival of agrochemicals. Members of 14 households specifically made such comments, 
even though I never asked a specific question about how their parents farmed. One respon-
dent, probably the most well-traveled and well-educated in the village, made a link not just 
to his ancestors but to indigeneity:

It's very important because I think it can rescue the traditional ways of organic, agrarian production 
that Mapuche families practiced before the arrival of Occidental peoples to the South American conti-
nent – that they had been practicing since forever … Before, they didn't use pesticides, fungicides, not 
even chemical fertilizers.

But respondents did not have to reminisce about a past – real or imaginary – in order to con-
jure the appeal of going organic. In line with the data above (see Tables 2 and 3), most of them 
have experience raising an organic vegetable garden, and some of them with growing organic 
crops at scale. And here the response is unequivocal. Many spoke of the superiority (in terms 
of both production and quality) of organic methods in the home garden. One man noted that 
whenever they have extra animal manure left over after fertilizing the garden they use it on 
the field potatoes:

And they give good potatoes! They're the best potatoes you can harvest. Because they live healthily. 
They don't come with chemicals. Super healthy. They're delicious to eat too. The difference is huge, the 
difference between chemicals and animal manure.

The benefits extend beyond mere production and taste. An elderly woman related how last 
year she and her husband sowed beans with nothing but manure as fertilizer, and even 
though there was a terrible drought, they produced a “great harvest” – no doubt due to the 
enhanced water holding capacity that higher organic matter levels bring. And others display 
an insightful understanding of the mounting negative effects of agrochemical use, including 
the persistence of certain compounds in the soil, the unintended killing of beneficial insects 
and worms, and what is referred to in the sociology of agriculture as the “pesticide treadmill”. 
One farmer, one of the most innovative in terms of experimenting with alternative crops such 
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as lentils, noticed that late blight in his potatoes only seemed to be getting worse, rather than 
better, with the increased use of fungicides, and referred to it as a “cycle” that the peasant 
becomes trapped in.

A final quote serves to bring both the push and the pull factor together. Note how this elderly 
female campesina neatly ties together the stress from high input costs with the growing desire 
to farm organically:

If you could farm organically, experiment more with organic, it would be better. It would be more peace-
ful. You wouldn't be thinking, I have to buy who-knows-how-many sacks of fertilizer, and how much is 
it going to cost me. You could leave those thoughts to the side. Instead, to work with your own manure 
and your own thoughts, that would make you more calm, more at peace.

All told, if we consider the number of individuals who commented on the disadvantages 
of farming with agrochemicals or the desire to farm organically, 30 out of 38 interviewees 
(79%), representing 22 of the 25 households in the study (88%), expressed this broad senti-
ment. This, then, brings up the obvious question that will occupy the remainder of the paper: 
what is holding them back? If agricultural innovations are already being practiced by a large 
majority of households; if there is growing dissatisfaction with the debt loads and chemical 
use of conventional agriculture; if there is a strong and growing desire to farm organically – 
what impedes Llaguepulli’s smallholders from realizing this goal? The answers are neither as 
simple nor as obvious as they may at first appear, though they do boil down to the most basic 
farming resource of all: land.

6.2. Constraining conditions

6.2.1. The entrance of agrochemicals and the loss of organic farming knowledge

We might start by asking the converse question: why did the campesinos of Llaguepulli 
switch away from organic practices with the arrival of agrochemicals in the 1970s and 1980s? It 
is worth quoting one respondent at length, because in answering this question it he also sets 
the stage for later discussions:

Ever since the Green Revolution, people began applying chemical fertilizer. Before, it was all organic. I 
remember when I was a boy, 8 or 10 years old, we sowed potatoes with nothing but animal manure… 
Then came the famous Green Revolution, and from that point the people who had a little more money 
bought chemical fertilizer and applied it. And they saw that the results were fantastic. And when they 
saw this, they said ‘Wow’ and they bought more… In time there were special mixes of fertilizer for 
potatoes, for wheat, for oats…

Older folks who used to collect, pile, and spread manure with their parents recalled the tre-
mendous amount of physical labor to “make your own organic fertilizer”, and when fertil-
izers in a bag came along, as an elderly woman said, “People became so enthused with it, 
and soon everyone was working with chemicals.” Another effectively finished her thought: 
“And that's how it went, little by little, we entered that area [of agrochemical dependency]”. 
So complete was the fertilizer transition that multiple respondents commented that the crops 
and even the soil itself had become “accustomed to” (acostumbrado) the chemicals. The oldest 
man I interviewed, who had been one of the earliest adopters of agrochemicals (and, it should 
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be said, of borrowing on credit in order to purchase those chemicals), told me in plain terms, 
“If you don't apply fertilizer, you won't harvest anything.”

The move away from “organic-by-default” farming in the span of less than a generation 
caused many of these techniques to fade from the collective knowledge base. One man 
related how, “In the old days, the old guys had corrals, where they kept all of their animals. 
And in these enclosures they gathered all of the manure, made big piles of it – they dedi-
cated themselves to this… The old guys were intelligent!” But now, he went on, “the animals 
are just out in the fields. And the manure is lost.” Speaking of composting more generally, 
another young farmer related, “Me personally I don't know how to make a compost pile. 
We're kind of at the most basic level. I imagine that there is a whole process involved, but I, at 
least, do not know how to make compost.” A woman in her 70s told me when I first met her 
that she needed help with composting, and later when the discussion turned to the proper 
treatment and use of her own sheep pellets, said with resignation, “I don't understand much 
about any of that”.

This lament over the loss of traditional forms of knowledge was not limited to talk of manure 
and composting. One woman discussed her general ignorance about soil: “We don't have the 
clarity – how to find the balance, what the land needs. And since we don't do soil tests, we 
know even less! We are working blindly.” A middle-aged man related:

In regards to natural insecticides and pesticides, I don't have an expertise about which products I can 
use to control insects. I know that they exist, I know that it's possible to make a mixture of plants, herbs, 
and a few other products, but I don't know what the ingredients are, and what quantities to use.

Another, younger man, when discussing the irony of having insecticides kill not only the tar-
get insect but also beneficial insects that may have eaten the pests on their own, noted, “There 
are so many things that one isn't able to recognize what one is doing. You think you're doing 
good for your soil, but actually you're doing bad.”

6.2.2. Lack of animals and lack of manure

One of the questions I asked each interviewee was what they thought most impeded the com-
munity from reaching its agricultural sustainability goals. In my very first interview a pecu-
liar theme began, as an elderly man said simply, “There aren’t [enough] animals. You have to 
have sheep, cattle, in order to have organic manure. They used to have animals. Sheep, cows, 
all kept in a corral. And you gathered together all the manure. But now there aren't animals”. 
Then, just two interviews later the same theme was echoed: the community was impeded by a 
lack of animals and, consequently, a lack of animal manure. Then a third interviewee reported 
that the thing he would most like to do on his farm, given the resources, would be

to go back to how it was before. From the animals I have, from them to get manure. And then with that 
same manure – because from chickens comes such a good manure! If you have poor land, you spread 
that manure on it … To store up manure from chickens, from geese, from ducks, from hogs – you put 
all that together and you make fertilizer.

Over and over the theme returned: All told, the specific subject of (a lack of) organic fertility 
due to (a lack of) animal manure came up in 15 of the 25 interviews (60%).
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as lentils, noticed that late blight in his potatoes only seemed to be getting worse, rather than 
better, with the increased use of fungicides, and referred to it as a “cycle” that the peasant 
becomes trapped in.

A final quote serves to bring both the push and the pull factor together. Note how this elderly 
female campesina neatly ties together the stress from high input costs with the growing desire 
to farm organically:

If you could farm organically, experiment more with organic, it would be better. It would be more peace-
ful. You wouldn't be thinking, I have to buy who-knows-how-many sacks of fertilizer, and how much is 
it going to cost me. You could leave those thoughts to the side. Instead, to work with your own manure 
and your own thoughts, that would make you more calm, more at peace.

All told, if we consider the number of individuals who commented on the disadvantages 
of farming with agrochemicals or the desire to farm organically, 30 out of 38 interviewees 
(79%), representing 22 of the 25 households in the study (88%), expressed this broad senti-
ment. This, then, brings up the obvious question that will occupy the remainder of the paper: 
what is holding them back? If agricultural innovations are already being practiced by a large 
majority of households; if there is growing dissatisfaction with the debt loads and chemical 
use of conventional agriculture; if there is a strong and growing desire to farm organically – 
what impedes Llaguepulli’s smallholders from realizing this goal? The answers are neither as 
simple nor as obvious as they may at first appear, though they do boil down to the most basic 
farming resource of all: land.

6.2. Constraining conditions

6.2.1. The entrance of agrochemicals and the loss of organic farming knowledge

We might start by asking the converse question: why did the campesinos of Llaguepulli 
switch away from organic practices with the arrival of agrochemicals in the 1970s and 1980s? It 
is worth quoting one respondent at length, because in answering this question it he also sets 
the stage for later discussions:

Ever since the Green Revolution, people began applying chemical fertilizer. Before, it was all organic. I 
remember when I was a boy, 8 or 10 years old, we sowed potatoes with nothing but animal manure… 
Then came the famous Green Revolution, and from that point the people who had a little more money 
bought chemical fertilizer and applied it. And they saw that the results were fantastic. And when they 
saw this, they said ‘Wow’ and they bought more… In time there were special mixes of fertilizer for 
potatoes, for wheat, for oats…

Older folks who used to collect, pile, and spread manure with their parents recalled the tre-
mendous amount of physical labor to “make your own organic fertilizer”, and when fertil-
izers in a bag came along, as an elderly woman said, “People became so enthused with it, 
and soon everyone was working with chemicals.” Another effectively finished her thought: 
“And that's how it went, little by little, we entered that area [of agrochemical dependency]”. 
So complete was the fertilizer transition that multiple respondents commented that the crops 
and even the soil itself had become “accustomed to” (acostumbrado) the chemicals. The oldest 
man I interviewed, who had been one of the earliest adopters of agrochemicals (and, it should 
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be said, of borrowing on credit in order to purchase those chemicals), told me in plain terms, 
“If you don't apply fertilizer, you won't harvest anything.”

The move away from “organic-by-default” farming in the span of less than a generation 
caused many of these techniques to fade from the collective knowledge base. One man 
related how, “In the old days, the old guys had corrals, where they kept all of their animals. 
And in these enclosures they gathered all of the manure, made big piles of it – they dedi-
cated themselves to this… The old guys were intelligent!” But now, he went on, “the animals 
are just out in the fields. And the manure is lost.” Speaking of composting more generally, 
another young farmer related, “Me personally I don't know how to make a compost pile. 
We're kind of at the most basic level. I imagine that there is a whole process involved, but I, at 
least, do not know how to make compost.” A woman in her 70s told me when I first met her 
that she needed help with composting, and later when the discussion turned to the proper 
treatment and use of her own sheep pellets, said with resignation, “I don't understand much 
about any of that”.

This lament over the loss of traditional forms of knowledge was not limited to talk of manure 
and composting. One woman discussed her general ignorance about soil: “We don't have the 
clarity – how to find the balance, what the land needs. And since we don't do soil tests, we 
know even less! We are working blindly.” A middle-aged man related:

In regards to natural insecticides and pesticides, I don't have an expertise about which products I can 
use to control insects. I know that they exist, I know that it's possible to make a mixture of plants, herbs, 
and a few other products, but I don't know what the ingredients are, and what quantities to use.

Another, younger man, when discussing the irony of having insecticides kill not only the tar-
get insect but also beneficial insects that may have eaten the pests on their own, noted, “There 
are so many things that one isn't able to recognize what one is doing. You think you're doing 
good for your soil, but actually you're doing bad.”

6.2.2. Lack of animals and lack of manure

One of the questions I asked each interviewee was what they thought most impeded the com-
munity from reaching its agricultural sustainability goals. In my very first interview a pecu-
liar theme began, as an elderly man said simply, “There aren’t [enough] animals. You have to 
have sheep, cattle, in order to have organic manure. They used to have animals. Sheep, cows, 
all kept in a corral. And you gathered together all the manure. But now there aren't animals”. 
Then, just two interviews later the same theme was echoed: the community was impeded by a 
lack of animals and, consequently, a lack of animal manure. Then a third interviewee reported 
that the thing he would most like to do on his farm, given the resources, would be

to go back to how it was before. From the animals I have, from them to get manure. And then with that 
same manure – because from chickens comes such a good manure! If you have poor land, you spread 
that manure on it … To store up manure from chickens, from geese, from ducks, from hogs – you put 
all that together and you make fertilizer.

Over and over the theme returned: All told, the specific subject of (a lack of) organic fertility 
due to (a lack of) animal manure came up in 15 of the 25 interviews (60%).
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So what accounts for the lack of animals? There seems to be a complex set of immediate rea-
sons. Certainly one is the reason mentioned above: a fading familiarity with and interest in 
rearing animals and handling manure, especially on the part of the youngest generation of 
farmers. Members of the older generation frequently recounted how their parents or grand-
parents enclosed their animals in corrals each night, and over the course of a year collected 
large amounts of manure. Said one elderly respondent:

When agricultural chemicals had not arrived yet, all of our parents had corrals, where they kept the 
ox, some cows, and the sheep. The sheep, along with the cow's manure, makes a super-strong compost, 
super.

Said another:

We collected it from the animal corrals where we enclosed the cows, the sheep, and the oxen, and when 
harvest time came, we put it in a cart and applied it… It was a lot of work but that was how we worked, 
because there was no other way of fertilizing.

But this work came at a physical and time cost, as a third man noted:

You have to pile the manure up in the corral, different piles in the different corners, then let it sit for 
awhile until it's ready to use, then cultivate the land, then put all the manure in a cart, and then leave 
it out in the fields in little piles, and then when we went to sow the crop go along and pair the manure 
with the seeds. And it tired you out.

As one older man put it, “People don't want to get their hands dirty. The work [of handling 
organic manure] is super dirty, they say.” An older woman echoed these words almost 
exactly: “Now no one uses manure. They find that it's too much of a pain, it's too heavy to 
spread, it gets your hands dirty.” And so, as a farmhand put it, “What has happened with the 
campesino, he has pursued comfort – regarding the question of fertilizing with fertilizer, he 
buys. It's easier.”

The causal chain then gets more complex. With a steady loss of animal rearing and the entry 
of chemical fertilizers, manure becomes less valuable; the basic infrastructure of keeping ani-
mals (fences, pens) deteriorates, and in time the few animals left in the community simply 
stay out in the pasture. Here are three respondents from three separate interviews, all sketch-
ing in elements of this story:

After chemicals came along, the people did not concern themselves with keeping the animals in at night. 
There was no longer the necessity.

We have lost the manure, we have lost that custom of closing in our animals at night. And these days, 
since there are hardly any anyway, we just leave them like that, free range.

The animals now, day and night they are out in the pasture, so we don't gather any of that manure. 
But if we could close them in, for example right now at this hour of the day, by tomorrow morning we 
would gather a lot of manure.

There is a final element we have not woven in yet, and that is the question of demographic 
pressure. When respondents referred to an older time when animals were kept and manure 
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was collected, they were usually speaking of their grandparents – who were also some of the 
first Mapuche to settle these lands. Those men and women had large families – stories of 10 
and more children were not uncommon – which necessitated subdividing the land so that 
each child could have a parcel. And those children themselves had multiple children, which 
has led to the situation of today: a severe land shortage. So little land, in fact, that it is virtu-
ally impossible to keep a herd of animals of a suitable size to produce manure sufficient for 
growing crops organically.

6.2.3. Insufficient land

The point is driven home by my interviewees. If answers to the question about what is imped-
ing the community’s path to sustainability were most often framed around the question of 
manure, the answers to a later question are even more telling. Towards the end of each inter-
view I would ask, what does the community most need to help solve its main problems, and 
the answer was not “more animals”, but rather, as one man put it, “Space. Fields. Land.” 
(Espacio. Campo. Tierra.).

This man was one of 10 children. His parents had owned 10 ha – a considerable amount, 
enough to raise a family. But they divided their land equally among their children, meaning 
this man and his wife, who make their entire livelihood from the land, have a single hectare to 
farm. They have three children, the oldest of which, at 18 and just graduated from high school, 
would like to farm himself. As his father said: “When he is, say, 20, maybe he'll get married. 
He's going to have to go to the city, far away. But our idea is that no one has to live far from the 
family, but should be here, close by. But we can't make that happen. We need land.”

And he is far from alone. One man of 48 related how his paternal grandparents farmed 24 ha 
– the entirety of a large hillside. That man had eight children and split the land equally among 
them, meaning that my respondent’s father received 3 ha. His father then split the land among 
his own children, so my respondent farms less than 0.5 ha and manages to crowd together a 
small potato patch, a large vegetable garden, and a poultry pen onto a small but steep slice of 
hillside. That respondent’s older cousin farms a similarly-sized tract of land at the bottom of 
the same hillside. He has six children, all but two of whom live in cities in the region. I asked if 
he wanted them to come back to the community and farm, and he replied simply: “No, there's 
nowhere to do that. I have just this little space and no more. That's why they went to the cities 
to work. Very little land.”

Stories of agronomic constraints imposed by land limitations were a common theme in inter-
views. Recall what a staple crop the potato is – yet an older man, a campesino all his life, 
is hardly able to devote any of his land to growing them. “Those who have plenty of land, 
they sow lots of potatoes. Here, no.” As we walked inside another man’s hog enclosure, he 
remarked that he would love to have a market garden right there, and would be able to 
produce lots of vegetables. But then he would not be able to have the hogs. He must choose 
between the two. A younger woman and her husband decided to cease growing wheat, as 
they could no longer justify growing on land they needed to feed their oxen.
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So what accounts for the lack of animals? There seems to be a complex set of immediate rea-
sons. Certainly one is the reason mentioned above: a fading familiarity with and interest in 
rearing animals and handling manure, especially on the part of the youngest generation of 
farmers. Members of the older generation frequently recounted how their parents or grand-
parents enclosed their animals in corrals each night, and over the course of a year collected 
large amounts of manure. Said one elderly respondent:

When agricultural chemicals had not arrived yet, all of our parents had corrals, where they kept the 
ox, some cows, and the sheep. The sheep, along with the cow's manure, makes a super-strong compost, 
super.

Said another:

We collected it from the animal corrals where we enclosed the cows, the sheep, and the oxen, and when 
harvest time came, we put it in a cart and applied it… It was a lot of work but that was how we worked, 
because there was no other way of fertilizing.

But this work came at a physical and time cost, as a third man noted:

You have to pile the manure up in the corral, different piles in the different corners, then let it sit for 
awhile until it's ready to use, then cultivate the land, then put all the manure in a cart, and then leave 
it out in the fields in little piles, and then when we went to sow the crop go along and pair the manure 
with the seeds. And it tired you out.

As one older man put it, “People don't want to get their hands dirty. The work [of handling 
organic manure] is super dirty, they say.” An older woman echoed these words almost 
exactly: “Now no one uses manure. They find that it's too much of a pain, it's too heavy to 
spread, it gets your hands dirty.” And so, as a farmhand put it, “What has happened with the 
campesino, he has pursued comfort – regarding the question of fertilizing with fertilizer, he 
buys. It's easier.”

The causal chain then gets more complex. With a steady loss of animal rearing and the entry 
of chemical fertilizers, manure becomes less valuable; the basic infrastructure of keeping ani-
mals (fences, pens) deteriorates, and in time the few animals left in the community simply 
stay out in the pasture. Here are three respondents from three separate interviews, all sketch-
ing in elements of this story:

After chemicals came along, the people did not concern themselves with keeping the animals in at night. 
There was no longer the necessity.

We have lost the manure, we have lost that custom of closing in our animals at night. And these days, 
since there are hardly any anyway, we just leave them like that, free range.

The animals now, day and night they are out in the pasture, so we don't gather any of that manure. 
But if we could close them in, for example right now at this hour of the day, by tomorrow morning we 
would gather a lot of manure.

There is a final element we have not woven in yet, and that is the question of demographic 
pressure. When respondents referred to an older time when animals were kept and manure 
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was collected, they were usually speaking of their grandparents – who were also some of the 
first Mapuche to settle these lands. Those men and women had large families – stories of 10 
and more children were not uncommon – which necessitated subdividing the land so that 
each child could have a parcel. And those children themselves had multiple children, which 
has led to the situation of today: a severe land shortage. So little land, in fact, that it is virtu-
ally impossible to keep a herd of animals of a suitable size to produce manure sufficient for 
growing crops organically.

6.2.3. Insufficient land

The point is driven home by my interviewees. If answers to the question about what is imped-
ing the community’s path to sustainability were most often framed around the question of 
manure, the answers to a later question are even more telling. Towards the end of each inter-
view I would ask, what does the community most need to help solve its main problems, and 
the answer was not “more animals”, but rather, as one man put it, “Space. Fields. Land.” 
(Espacio. Campo. Tierra.).

This man was one of 10 children. His parents had owned 10 ha – a considerable amount, 
enough to raise a family. But they divided their land equally among their children, meaning 
this man and his wife, who make their entire livelihood from the land, have a single hectare to 
farm. They have three children, the oldest of which, at 18 and just graduated from high school, 
would like to farm himself. As his father said: “When he is, say, 20, maybe he'll get married. 
He's going to have to go to the city, far away. But our idea is that no one has to live far from the 
family, but should be here, close by. But we can't make that happen. We need land.”

And he is far from alone. One man of 48 related how his paternal grandparents farmed 24 ha 
– the entirety of a large hillside. That man had eight children and split the land equally among 
them, meaning that my respondent’s father received 3 ha. His father then split the land among 
his own children, so my respondent farms less than 0.5 ha and manages to crowd together a 
small potato patch, a large vegetable garden, and a poultry pen onto a small but steep slice of 
hillside. That respondent’s older cousin farms a similarly-sized tract of land at the bottom of 
the same hillside. He has six children, all but two of whom live in cities in the region. I asked if 
he wanted them to come back to the community and farm, and he replied simply: “No, there's 
nowhere to do that. I have just this little space and no more. That's why they went to the cities 
to work. Very little land.”

Stories of agronomic constraints imposed by land limitations were a common theme in inter-
views. Recall what a staple crop the potato is – yet an older man, a campesino all his life, 
is hardly able to devote any of his land to growing them. “Those who have plenty of land, 
they sow lots of potatoes. Here, no.” As we walked inside another man’s hog enclosure, he 
remarked that he would love to have a market garden right there, and would be able to 
produce lots of vegetables. But then he would not be able to have the hogs. He must choose 
between the two. A younger woman and her husband decided to cease growing wheat, as 
they could no longer justify growing on land they needed to feed their oxen.
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Oxen, the only source of field traction in the community, play a role in several others’ stories 
of land constraints. An older couple, farmers their whole lives, related that they have to board 
their oxen on a property outside the community and buy hay, at a cost of 7000–8000 pesos per 
month (USD $10–11 at the time of the research) per animal. “By contrast, if we had sufficient 
land, we would have the animals on our own pasture. Or we would have them penned in, 
and we would have manure that we could gather.” Another man, who does raise a small flock 
of sheep and a handful of hogs, cannot own oxen and thus must hire a man from a neighbor-
ing community to till his cropland: “Oxen I do not have… I don't have the land, the space, in 
order to grow the forage to feed them.” He went on:

Many families in the community don't have oxen, for the same reason. I mean, you could have animals, 
but if you don't have hay stored up for the winter, what do they eat? They suffer from hunger, they get 
too skinny.

The same man returned to the theme later in the interview and astutely linked the situation 
faced by campesinos in Llaguepulli to the socioeconomic status of the peasant smallholder 
more broadly:

The category we find ourselves in in this community is that of subsistence agriculture. A category that 
is very basic. We can't really even say that we're small farmers. A small farmer is someone who sows 
10 hectares of potatoes – 15, 20 hectares, 50, 100. Those are small farmers. But us, no – with luck, one 
hectare… So if we want to be farmers in the real sense, it depends on land.

I will leave it to one of the community’s main leaders to make the final linkage, because he 
does it so eloquently, wrapping together the land limitations faced by the community, with 
the inability to subsist as a true land-based campesino, with – ultimately – the slow diminish-
ment of the cultural identity of being Mapuche:

If there is not land there are no sheep, and if there are no sheep there is no wool, and if there is not wool 
there is no poncho (manta), there is no way to clothe yourself, we slowly lose ourselves culturally. As 
long as we don't have sufficient space to work the land, we seek out other options.

And thus we come full circle, back to the theme introduced at the beginning of the paper and 
a hard historical truth. The Mapuche of Llaguepulli, just as virtually all Mapuche in Chile, 
do not own sufficient land for keeping herds of animals because they were dispossessed of 
their land over 100 years ago by a wave of homesteaders flocking to the Araucanía region, 
aided and abetted by the Chilean government. Indeed, the very word for the parcels of land 
which the Mapuche were deeded – often translated into English as “reservations” due to the 
parallel practice in North America – is more insightful if we translate it literally: “reductions” 
(reducciones). The historical Mapuche territory was “reduced” by 95% ([2], p. 46), initiating the 
century-long causal chain that led to the present situation.

7. Discussion and conclusion

We are tempted to look for answers to questions of agricultural sustainability in current prac-
tices and techniques and even socioeconomic circumstances, but sometimes history holds 
the greatest clues. A late nineteenth century traveler in Chile wrote admiringly of the colo-
nos settling around the southern city of Valdivia: “They were true pioneers, who chopped 
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down the forests, built log cabins, and planted wheat fields and orchards in their clearings. 
They opened up a large part of the region, and made many fine farms” ([3], p. 87). And what 
became of the Mapuche forcibly displaced by these settlers? The historian Florencia Mallon 
describes their fate, and the fate of their descendants, most incisively:

By reducing the amount of land and other resources controlled by the communities, the state forced the 
Mapuche to transform themselves from semi-migratory livestock herders into small peasant producers. 
The size of the original land grants … generated dramatic impoverishment by the second and third gen-
erations. Ironically, because they did not have the necessary expertise to develop intensive agriculture, 
Mapuche peasants ended up contributing to the degradation of their own land. ([30], p. 238)

Apart from several of Llaguepulli’s leaders, who are involved in political fights to reclaim 
some of their ancestral territory, no residents that I spoke to mentioned this deeper his-
tory. And yet, whether conscious of the historical roots of land dispossession or not, they 
made elegant links between land limitations, the cycle of agrochemical farming, and the 
constraints against sustainability. One offered insights into the fertilizer treadmill, how 
the degradation of the land forces campesinos to apply even more fertilizer than before 
because they are “obligated” to “squeeze the value out for their business.” Another dem-
onstrated with clarity how land limitations work directly against the adoption of organic 
practices:

I analyze the situation this way: If these days the space [that we have] is so reduced, and these days we 
have to provide food for our families, then we have little choice but to seek out chemical fertilizer, which 
is more secure. Some farmers in the community have tried to grow organically. [But] nowadays seeds 
are accustomed to chemical fertilizer. If you wanted to truly manage your land organically, you would 
need to adopt other techniques, for example you would need to rest your land. Rest your land, apply 
manure… And in order to do that, you need extra land at your disposition.

But it was arguably the single poorest and most land-deprived of all my respondents who 
made the most impassioned cry for land. He farms approximately 0.5 ha of very steep land. 
He grows food only to eat it but generates no income from his land and must sell his labor 
outside the community to earn any revenue. When our talk turned to the issue of solving the 
community’s most pressing needs he stated:

My solution would be the land. The most fundamental for me. Because it is on the land where man 
maintains himself. I have wanted to be a farmer since I was little, since I knew anything … I love farm-
ing, I love planting … You have to work, have to work the land. It is the mother of all of us, the land 
– yes! The mother of all of us! Because it is what feeds us.

Two final caveats are in order. First, the historic deterritorialization experienced by the 
Mapuche has not gone uncontested. There has been a concerted effort in recent decades on 
the part of Mapuche communities – sometimes edging into violence – to reclaim the lands that 
they consider stolen [31]. And the Chilean state has recognized its historical role in Mapuche 
displacement and enacted reforms. Article 20 of the country’s Indigenous Law established a 
Fund for Indigenous Land and Waters, which subsidizes the purchase of land for individuals 
or communities “when the area of land [currently held] by such communities is insufficient” 
[32]. This fund has resulted in the transfer of more than 187,000 ha to indigenous groups or 
individuals [33]. However, as the anthropologist Di Giminiani [34] points out, this process 
circumvents the ethical and political basis of Mapuche land claims, rendering them in strictly 
legalistic and topographical terms. More to the point, given the complexities of buying land 
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Oxen, the only source of field traction in the community, play a role in several others’ stories 
of land constraints. An older couple, farmers their whole lives, related that they have to board 
their oxen on a property outside the community and buy hay, at a cost of 7000–8000 pesos per 
month (USD $10–11 at the time of the research) per animal. “By contrast, if we had sufficient 
land, we would have the animals on our own pasture. Or we would have them penned in, 
and we would have manure that we could gather.” Another man, who does raise a small flock 
of sheep and a handful of hogs, cannot own oxen and thus must hire a man from a neighbor-
ing community to till his cropland: “Oxen I do not have… I don't have the land, the space, in 
order to grow the forage to feed them.” He went on:

Many families in the community don't have oxen, for the same reason. I mean, you could have animals, 
but if you don't have hay stored up for the winter, what do they eat? They suffer from hunger, they get 
too skinny.

The same man returned to the theme later in the interview and astutely linked the situation 
faced by campesinos in Llaguepulli to the socioeconomic status of the peasant smallholder 
more broadly:

The category we find ourselves in in this community is that of subsistence agriculture. A category that 
is very basic. We can't really even say that we're small farmers. A small farmer is someone who sows 
10 hectares of potatoes – 15, 20 hectares, 50, 100. Those are small farmers. But us, no – with luck, one 
hectare… So if we want to be farmers in the real sense, it depends on land.

I will leave it to one of the community’s main leaders to make the final linkage, because he 
does it so eloquently, wrapping together the land limitations faced by the community, with 
the inability to subsist as a true land-based campesino, with – ultimately – the slow diminish-
ment of the cultural identity of being Mapuche:

If there is not land there are no sheep, and if there are no sheep there is no wool, and if there is not wool 
there is no poncho (manta), there is no way to clothe yourself, we slowly lose ourselves culturally. As 
long as we don't have sufficient space to work the land, we seek out other options.

And thus we come full circle, back to the theme introduced at the beginning of the paper and 
a hard historical truth. The Mapuche of Llaguepulli, just as virtually all Mapuche in Chile, 
do not own sufficient land for keeping herds of animals because they were dispossessed of 
their land over 100 years ago by a wave of homesteaders flocking to the Araucanía region, 
aided and abetted by the Chilean government. Indeed, the very word for the parcels of land 
which the Mapuche were deeded – often translated into English as “reservations” due to the 
parallel practice in North America – is more insightful if we translate it literally: “reductions” 
(reducciones). The historical Mapuche territory was “reduced” by 95% ([2], p. 46), initiating the 
century-long causal chain that led to the present situation.

7. Discussion and conclusion

We are tempted to look for answers to questions of agricultural sustainability in current prac-
tices and techniques and even socioeconomic circumstances, but sometimes history holds 
the greatest clues. A late nineteenth century traveler in Chile wrote admiringly of the colo-
nos settling around the southern city of Valdivia: “They were true pioneers, who chopped 
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down the forests, built log cabins, and planted wheat fields and orchards in their clearings. 
They opened up a large part of the region, and made many fine farms” ([3], p. 87). And what 
became of the Mapuche forcibly displaced by these settlers? The historian Florencia Mallon 
describes their fate, and the fate of their descendants, most incisively:

By reducing the amount of land and other resources controlled by the communities, the state forced the 
Mapuche to transform themselves from semi-migratory livestock herders into small peasant producers. 
The size of the original land grants … generated dramatic impoverishment by the second and third gen-
erations. Ironically, because they did not have the necessary expertise to develop intensive agriculture, 
Mapuche peasants ended up contributing to the degradation of their own land. ([30], p. 238)
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the degradation of the land forces campesinos to apply even more fertilizer than before 
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onstrated with clarity how land limitations work directly against the adoption of organic 
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is more secure. Some farmers in the community have tried to grow organically. [But] nowadays seeds 
are accustomed to chemical fertilizer. If you wanted to truly manage your land organically, you would 
need to adopt other techniques, for example you would need to rest your land. Rest your land, apply 
manure… And in order to do that, you need extra land at your disposition.

But it was arguably the single poorest and most land-deprived of all my respondents who 
made the most impassioned cry for land. He farms approximately 0.5 ha of very steep land. 
He grows food only to eat it but generates no income from his land and must sell his labor 
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maintains himself. I have wanted to be a farmer since I was little, since I knew anything … I love farm-
ing, I love planting … You have to work, have to work the land. It is the mother of all of us, the land 
– yes! The mother of all of us! Because it is what feeds us.

Two final caveats are in order. First, the historic deterritorialization experienced by the 
Mapuche has not gone uncontested. There has been a concerted effort in recent decades on 
the part of Mapuche communities – sometimes edging into violence – to reclaim the lands that 
they consider stolen [31]. And the Chilean state has recognized its historical role in Mapuche 
displacement and enacted reforms. Article 20 of the country’s Indigenous Law established a 
Fund for Indigenous Land and Waters, which subsidizes the purchase of land for individuals 
or communities “when the area of land [currently held] by such communities is insufficient” 
[32]. This fund has resulted in the transfer of more than 187,000 ha to indigenous groups or 
individuals [33]. However, as the anthropologist Di Giminiani [34] points out, this process 
circumvents the ethical and political basis of Mapuche land claims, rendering them in strictly 
legalistic and topographical terms. More to the point, given the complexities of buying land 
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on the private market and the limited funds available, only a small minority of applicants 
have actually benefitted from the fund, as “most claimants have seen their hopes for ancestral 
land restoration crushed” ([34], p. 490).

Second, it is not true that the inhabitants of Llaguepulli are completely without options, 
even in their land-deprived state. Efforts are currently underway to create possibilities for 
more sustainable livelihoods, with the ultimate goal of achieving a “distinctly Mapuche 
agroecological transition” (Krell, personal communication). These include the resurrec-
tion of traditional forms of indigenous land management appropriate to smaller spaces, 
such as the cultivation of adapted varieties of quinoa, the use of locally sourced seaweeds 
as foliar fertilizers, and processing of alternative crops such as the native maqui berry – as 
well as incorporate unique forms of economic solidarity such as community-managed 
microloans to encourage and support such initiatives [5]. As the readers of this volume 
know, agroecological solutions are possible, indeed are necessary, in land-constrained 
situations.

But a true process of repeasantization – that is, opening the possibility for an entire commu-
nity of smallholders to once again be able to control their own agricultural fates outside the 
cycles of debt and agrochemical dependence – requires sufficient access to land, and such 
access will not simply appear with patience, nor can it be created by altering agronomic tech-
niques. It is a solution whose realization is by its nature political: it requires a reallocation of 
lands formerly taken from the Mapuche. If we wish to clearly identify the causal chain that 
creates agro-environmental crisis, and the actions that can ameliorate it, then Naranjo’s dic-
tum [20], p. 243, is not just a social or political statement but an agroecological one: “Equitable 
and comprehensive land reform that benefits peasants is imperative for food sovereignty.” 
That is how the inhabitants of Llaguepulli, and countless Mapuche communities like it in the 
south of Chile, will be able to feed themselves, raise their own animals, spin their own wool – 
in a word, reclaim the full extent of their moral economy.
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Abstract

Soil is an ecosystem capable of producing the resources necessary for the development of 
the living organisms. Soil microorganisms (bacteria and fungi) are responsible for biomass 
decomposition, biogenic element circulation, which makes nutrients available to plants, 
biodegradation of impurities, and maintenance of soil structure. The presence of micro-
organisms in soil depends on their chemical composition, moisture, pH, and structure. 
Human activity has an indispensable influence on the formation of ecosystems. Soil till-
age has an impact on the chemical and physical parameters of the soil, and thus on its 
biological properties. The use of inappropriate agro-technology can lead to degradation 
of the soil environment. Changes in soil properties may cause changes in soil abundance, 
activity, and diversity. Cultivation can affect microorganisms, causing their mortality and 
reducing the availability of nourishment in the soil. Therefore, it is extremely important to 
assess the diversity and microbiological activity of soil in relation to soil-tillage technology.

Keywords: agricultural, biodiversity, soil microorganisms, soil quality, tillage system

1. Introduction

The soil is the most outer layer of lithosphere. It covers almost the entire surface of the land; 
in it, there is a circulation of nutrients, biotic, and abiotic processes. Soil is a key element of the 
environment. It performs many functions in the environment (Figure 1). The five main ones 
are listed [1] below:

1. Environmental formation—shaping the local climate, relief of the earth’s surface, natural 
reservoir of water resources retention;

2. Ecological—an element of circulation of biogenic elements and organic matter retention;
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3. Edaphic—creation of living conditions for organisms (microorganisms, plants, animals);

4. Protection—counteracting changes in the environment by means of sorption properties, 
e.g., absorbing toxic compounds;

5. Economic—place of work for man, a farmer.

This is a general separation of soil functions. Each of them can be discussed separately. All soil 
functions are affected by human farming. This chapter is an attempt to collect information on 
the influence of man on the edaphic function of soil.

The soil has the capacity to self-produce resources necessary for the development of living 
organisms [2]. This makes it a living environment for over 30% of the species existing on 
Earth. Soil organisms are a very important component of soils and are referred to as “biological 
engine of the earth” [3]. Soil quality can be defined as the balance between high activity and high 
microbiological biodiversity [4]. Soil quality plays an important role in protecting the environ-
ment, preserving biodiversity and good agricultural practices [5–7]. Agriculture has an impact 
on soil, and thus on the qualitative and quantitative composition of soil microorganisms.

2. Soil microorganisms

Soil microorganisms are involved in many biogeochemical processes. They are a very impor-
tant functional group of soil organisms. They are responsible for mineralisation of organic 
matter, element circulation, synthesis of proteins, and nucleic acids, as well as  transformation 
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of phosphorus forms. Rhizosphere microorganisms increase plant health and can protect 
against pathogens [8, 9] (Figure 2).

Agricultural biodiversity concerns with indigenous bacteria, plants, fungi, animals, and their 
equivalents introduced into the agricultural space by man and is related to the structure of 
soil and its use [10, 11]. It is estimated that from 1 g of soil, about 4000–6000 different bacterial 
genomes can be isolated [12]. Classic microbial analyses of microorganisms allow to isolate 
0.1–10% of the population of bacteria present in the environment. The other species are not 
reared, which means that they cannot be reared under laboratory conditions. In research on 
the presence of microorganisms in soil, it is important not only to evaluate their quantitative 
and qualitative assessment, but above all to perform their functions, their role in the ecosys-
tem, and their impact on other organisms.

The biological activity of the soil depends on the correct number and species composition 
of microorganisms and their enzymatic activity. Microorganisms mediate 80–90% of all pro-
cesses occurring in the soil [13]. They create favorable conditions for germination of seeds 
and growth of the root system of cultivated plants, which is very important for a high yield 
[5]. Plants emit a large number of various chemical compounds into the soil, which shape the 
composition of microorganisms in the environment. Microorganisms use these root secre-
tions as a source of food. The rhizosphere is a habitat mainly for bacteria and mycorrhizal 
fungi. Some microorganisms may produce antibiotics that block harmful microorganisms. In 
addition, soil microorganisms can also improve the condition of plants by releasing growth 
regulators (e.g., ethylene, auxin, and cytokine) and making available some nutrients (e.g., 
phosphorus). Polymer-producing microorganisms can improve the soil structure. Among the 
significant soil microorganisms, it is worth mentioning the bacteria of the genus Pseudomonas 
sp., bacteria that inhabit the root zone of plants [14]. Bacteria of this kind produce various 
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 biologically active compounds such as antibiotics and lytic enzymes, as well as ethylene, 
auxin, and gibberellin. In addition, Pseudomonas compete for nutrients with pathogenic micro-
organisms, e.g. for iron by creating a siderophores. The bacteria binding atmospheric nitrogen 
are also important for the cultivation of plants such as Azotobacter, Clostridium, Rhizobium, and 
Bradyrhizobium [15].

3. Impact of agricultural activity on the soil quality

Human activities in the natural environment, above all the intensification of agriculture and 
the use of plant protection products, change the activity and diversity of the soil environ-
ment. This can lead to changes in the functioning and sustainability of the ecosystem [9, 16]. 
Changes in soil quality lead to changes in plant variety and productivity [17]. Human activity 
is aimed at giving the soil the best possible soil production properties in order to increase the 
yield of plants.

Proper agricultural management should take into account the microbiological and physico-
chemical properties of the soil. The activity of microorganisms and their diversity is a sensitive 
indicator of soil quality, which is the subject of research for many researchers. The cultivation 
systems applied by man modify the quantitative and qualitative composition of organisms 
inhabiting the soil environment [18]. In [19], it was found that soil microorganisms are sensi-
tive to anthropogenic factors, in particular agricultural activity.

Numerous studies indicate that agricultural treatments strongly change chemical [5, 20–
22] and physical [23, 24] parameters of soil. Changes in soil physicochemical parameters 
can lead to changes in soil microbial diversity [25, 26]. Some researchers suggest that the 
agricultural techniques generate a homogeneous soil environment and reduce bacterial 
diversity [27]. Other studies [5] indicate that the soil has a high capacity to maintain bio-
diversity. Numerous studies are being carried out to compare the impact of soil-tillage 
systems on soil microbiology [8, 22, 25, 26, 28]. Some studies confirm that agricultural prac-
tices have an impact on the soil composition of microorganisms [29, 30]. Other research-
ers suggest that changes in the structure of the bacterial population are mainly due to 
chemical properties and soil structure [5]. The research [31] also reports that the soil has 
buffering capacity and that composition and functionality of microorganisms depends on 
the type of soil.

It is well known that the biodiversity of microorganisms varies from untapped soil to land 
cultivated in agricultural areas. In [20], it was demonstrated that in uncultivated soils, the 
obtained number of operational taxonomic units was about 1.5 million, 30% higher than agri-
cultural soils. Similar results were obtained by [32] who noted that 140–150 species per 1 g of 
soil are found in the soil cultivated for agriculture, while in natural soils, this amount is about 
1000 species per 1 g of soil. It is estimated that about 40% of the world’s agricultural land has 
already been degraded [22, 33, 34].
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3.1. The ecological farming systems

Sustainable agriculture is based on supporting natural biological processes without inter-
fering with the environment [35]. In simplified systems, the cultivation procedures are 
minimised. They consist mainly in loosening of the external soil layer, leaving crop resi-
dues and the use of stubble intercrops. Leaving harvest residues has an impact on soil 
nutrient management, which can be beneficial for the biological properties of soil [36]. 
Among the organic systems, there is also the use of no-tillage, which is limited to the 
creation of a seed groove for sowing. Studies have shown that simplifications lead to an 
increase in the number of microorganisms of the genera Cladosporium and Mucor, which 
may inhibit the development of pathogens in soil. In addition, two to three times higher 
biomass of earthworms in the soil under direct sowing was recorded [37]. Tests carried out 
by [38] demonstrated that organic farming contributes to preserving soil biodiversity. In 
addition, the beneficial effect of organic fertilisation on soil microbiology is well known 
and documented [39, 40].

3.2. The conventional and intensive farming systems

Traditional cultivation systems are based on specialised agricultural machinery that directly 
interferes with the soil structure. The deep ploughing up to 35 cm deep into the soil can cause 
negative consequences in the physical, chemical, and biological properties of the soil [41, 42]. 
Numerous studies have shown that conventional soil tillage and monoculture can have a 
negative impact on soil quality [28, 43, 44]. Intensive ploughing leads to a more compact soil, 
which may result in lower yields. Intensive plant production and multiarea farms very often 
fail to take environmental protection into account and can have a detrimental effect on soil 
quality [44]. In intensive agriculture, many mineral fertilisers, antibiotics, and hormones are 
used, which leads to degradation of the soil environment. At the same time, it carries a risk 
of biodiversity loss. The intensive mixing of the soil with the spacing plough causes losses of 
organic matter by accelerating the humus mineralization process. Such systems aggravate 
the network of interactions between soil organisms and aggravate disease-related problems 
[25, 45]. Many years of conventional long-term soil cultivation may also contribute to the 
decline of microbial population in soil.

4. Methods for analysing the impact of human agricultural activities 
on soil quality

Research on soil quality is very important in terms of the quality of the yields obtained and 
the environmental impact assessment of agriculture. Soil as a habitat for many organisms 
and a place where many biochemical processes occur is sensitive to natural and abiotic fac-
tors, including agricultural activities. Soil quality assessment is based on an analysis of the 
physical-chemical and microbiological parameters of the soil (Table 1).

Activity and Variety of Soil Microorganisms Depending on the Diversity of the Soil Tillage System
http://dx.doi.org/10.5772/intechopen.72966

49



 biologically active compounds such as antibiotics and lytic enzymes, as well as ethylene, 
auxin, and gibberellin. In addition, Pseudomonas compete for nutrients with pathogenic micro-
organisms, e.g. for iron by creating a siderophores. The bacteria binding atmospheric nitrogen 
are also important for the cultivation of plants such as Azotobacter, Clostridium, Rhizobium, and 
Bradyrhizobium [15].

3. Impact of agricultural activity on the soil quality

Human activities in the natural environment, above all the intensification of agriculture and 
the use of plant protection products, change the activity and diversity of the soil environ-
ment. This can lead to changes in the functioning and sustainability of the ecosystem [9, 16]. 
Changes in soil quality lead to changes in plant variety and productivity [17]. Human activity 
is aimed at giving the soil the best possible soil production properties in order to increase the 
yield of plants.

Proper agricultural management should take into account the microbiological and physico-
chemical properties of the soil. The activity of microorganisms and their diversity is a sensitive 
indicator of soil quality, which is the subject of research for many researchers. The cultivation 
systems applied by man modify the quantitative and qualitative composition of organisms 
inhabiting the soil environment [18]. In [19], it was found that soil microorganisms are sensi-
tive to anthropogenic factors, in particular agricultural activity.

Numerous studies indicate that agricultural treatments strongly change chemical [5, 20–
22] and physical [23, 24] parameters of soil. Changes in soil physicochemical parameters 
can lead to changes in soil microbial diversity [25, 26]. Some researchers suggest that the 
agricultural techniques generate a homogeneous soil environment and reduce bacterial 
diversity [27]. Other studies [5] indicate that the soil has a high capacity to maintain bio-
diversity. Numerous studies are being carried out to compare the impact of soil-tillage 
systems on soil microbiology [8, 22, 25, 26, 28]. Some studies confirm that agricultural prac-
tices have an impact on the soil composition of microorganisms [29, 30]. Other research-
ers suggest that changes in the structure of the bacterial population are mainly due to 
chemical properties and soil structure [5]. The research [31] also reports that the soil has 
buffering capacity and that composition and functionality of microorganisms depends on 
the type of soil.

It is well known that the biodiversity of microorganisms varies from untapped soil to land 
cultivated in agricultural areas. In [20], it was demonstrated that in uncultivated soils, the 
obtained number of operational taxonomic units was about 1.5 million, 30% higher than agri-
cultural soils. Similar results were obtained by [32] who noted that 140–150 species per 1 g of 
soil are found in the soil cultivated for agriculture, while in natural soils, this amount is about 
1000 species per 1 g of soil. It is estimated that about 40% of the world’s agricultural land has 
already been degraded [22, 33, 34].

Sustainability of Agroecosystems48

3.1. The ecological farming systems

Sustainable agriculture is based on supporting natural biological processes without inter-
fering with the environment [35]. In simplified systems, the cultivation procedures are 
minimised. They consist mainly in loosening of the external soil layer, leaving crop resi-
dues and the use of stubble intercrops. Leaving harvest residues has an impact on soil 
nutrient management, which can be beneficial for the biological properties of soil [36]. 
Among the organic systems, there is also the use of no-tillage, which is limited to the 
creation of a seed groove for sowing. Studies have shown that simplifications lead to an 
increase in the number of microorganisms of the genera Cladosporium and Mucor, which 
may inhibit the development of pathogens in soil. In addition, two to three times higher 
biomass of earthworms in the soil under direct sowing was recorded [37]. Tests carried out 
by [38] demonstrated that organic farming contributes to preserving soil biodiversity. In 
addition, the beneficial effect of organic fertilisation on soil microbiology is well known 
and documented [39, 40].

3.2. The conventional and intensive farming systems

Traditional cultivation systems are based on specialised agricultural machinery that directly 
interferes with the soil structure. The deep ploughing up to 35 cm deep into the soil can cause 
negative consequences in the physical, chemical, and biological properties of the soil [41, 42]. 
Numerous studies have shown that conventional soil tillage and monoculture can have a 
negative impact on soil quality [28, 43, 44]. Intensive ploughing leads to a more compact soil, 
which may result in lower yields. Intensive plant production and multiarea farms very often 
fail to take environmental protection into account and can have a detrimental effect on soil 
quality [44]. In intensive agriculture, many mineral fertilisers, antibiotics, and hormones are 
used, which leads to degradation of the soil environment. At the same time, it carries a risk 
of biodiversity loss. The intensive mixing of the soil with the spacing plough causes losses of 
organic matter by accelerating the humus mineralization process. Such systems aggravate 
the network of interactions between soil organisms and aggravate disease-related problems 
[25, 45]. Many years of conventional long-term soil cultivation may also contribute to the 
decline of microbial population in soil.

4. Methods for analysing the impact of human agricultural activities 
on soil quality

Research on soil quality is very important in terms of the quality of the yields obtained and 
the environmental impact assessment of agriculture. Soil as a habitat for many organisms 
and a place where many biochemical processes occur is sensitive to natural and abiotic fac-
tors, including agricultural activities. Soil quality assessment is based on an analysis of the 
physical-chemical and microbiological parameters of the soil (Table 1).

Activity and Variety of Soil Microorganisms Depending on the Diversity of the Soil Tillage System
http://dx.doi.org/10.5772/intechopen.72966

49



Research on soil quality analysis:

• Determination of enzymatic activity, e.g., dehydrogenases, acidic and alkaline phospha-
tase, protease;

• Identification of soil microorganisms by molecular and immunological means through 
 sequencing, hybridisation analysis, Elisa test, PCR-based reactions;

• Analyses of soil physical-chemical parameters e.g., pH, EC, granulometric composition, 
water volume;

• Evaluation of functional diversity of soil microorganisms by the CLPP method— Community 
Level Physiological Profiling.

However, despite many studies and the variety of methods used, there is still no single, uni-
versal parameter that would allow the quality of the soil to be determined quickly. In addi-
tion, it is necessary to carry out long-term studies, because only in this way can changes in the 
environment be noticed.

5. Impact of different farming systems on selected soil quality 
parameters

5.1. The enzymatic activity

Enzyme activity is considered to be one of the main parameters expressing the overall micro-
biological activity of the soil. The activity of dehydrogenase, peroxidase, phosphatase,  protease 

Parameter Method Literature

Soil microbial biomass carbon (MBC) and 
nitrogen (MBN) contents

The fumigation-extraction (F-E) and fumigation-
incubation (F-I) method

[46]

Potentially mineralizable nitrogen (PMN) The short-term (waterlogged) anaerobic incubation 
method

[47]

Dehydrogenases activity Method with 2,3,5-triphenyltetrazolium chloride 
(TTC) as a substrate

[48]

Acid and alkaline phosphatases activity Method with p-nitrophenyl phosphate (PNP) as a 
substrate

[49]

Urease activity Measuring the concentration of an ammonium [50]

3,6-diacetylfluorescein (FDA) hydrolysis 
activity

Measuring the concentration of fluorescein [51]

Soil organic carbon (SOC) Oxidation with a mixture of potassium dichromate 
and sulphuric acid

[52]

Strength of soil aggregates Strength testing device [53]

Community level physiological profiling Biolog ECOplate (Biolog Inc., Hayward, USA) [54]

Table 1. Selected soil quality parameters and methods of their evaluation.
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and urease, β-glucosidase, catalase, cellulase, and invertase is commonly indicated. These 
enzymes are mediators and catalysts in many biochemical processes in soil, including formation 
and decay of humus, molecular nitrogen fixation, nitrification and denitrification, phosphorous 
compounds transformations, or detoxification of xenobiotics. The presence of enzymes and 
their activity are evidence of soil metabolism, while being sensitive to environmental changes.

Simplified systems have a high dehydrogenase activity [55–57]. Restriction of plough use has 
a positive effect on the activity of these enzymes [58]. In direct sowing soils, dehydrogenases 
also have a higher dehydrogenase activity than conventional crops [59].

Phosphatases catalyse the hydrolysis of organic phosphorus compounds once again responsible 
for its management in plants. They can be used as an indicator of the potential rate of phospho-
rus compounds mineralization. They are also very sensitive to heavy metal contamination. For 
acid phosphatase, higher values are recorded in soils from conventional crops and monocul-
ture, e.g., the United States of America. Areas of the European Union’s main agricultural hold-
ings are covered by the so-called maize and alkaline phosphatase in simplified crops [36, 60–62].

The FDA hydrolysis is related to the transformation of organic matter into soil. Many studies 
have shown that its value is higher in soils than in simplified, organic crops [43].

Urease activity is also sensitive to the way soil tillage is cultivated. It participates in the con-
version of nitrogen compounds in soil [63]. In [64], it was showed that the soils from simpli-
fied crops show up to two times higher urease activity than those from conventional crops. 
Similar results were obtained by [65].

5.2. The soil organic carbon content (SOC)

Soil organic carbon content is a sensitive soil quality indicator [66, 67]. The soil microbial bio-
mass carbon (MBC) and nitrogen (MBN) represent a small fraction of the total soil organic C 
(1–5%) and N (2–6%) [68].

Intensive monoculture of rice causes a decrease in SOC [44]. Less intensive soil tillage improves 
the stability of soil aggregates and increases the SOC concentration [69]. Researchers also 
observe higher SOC values in soil, where ploughing is not used and plant residues are left 
on the surface [70]. In the case of maize, researchers have found that conventional cultivation 
reduces the amount of SOC in soil compared to zero tillage [71]. Similar results were obtained 
in the case of winter wheat cultivation, where the SOC content in the upper soil layers was 
up to 23% higher than in the case of conventional seedlings [28, 72]. Conventional cultivation 
increases SOC sequestration [71]. Research [73] has shown that in agricultural soil can contain 
20% less SOC and MBC than in soil under indigenous grassland.

5.3. The microbial biomass carbon (MBC) and nitrogen (MBN) content

Determination of the soil microbiological biomass content is one of the basic parameters for 
monitoring soil changes. Soil management has a large impact on the size of the biomass pool 
of microorganisms [61, 62].

There is a negative effect of conventional crops on the carbon and nitrogen content of microbial 
biomass [55, 62]. Whereas, the soil under simplified and organic cultivation has a high MBC 
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the stability of soil aggregates and increases the SOC concentration [69]. Researchers also 
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and MBN content [55, 57, 64]. The MBC and MBN in direct sowing soil are also higher than in 
conventional sowing [74]. In several years of research [75], the number of MBC in conventional 
soil cultivation decreased, with a steady level of biomass in reduced tillage and direct sowing.

5.4. The functional analysis

Soil microorganisms are complex, multispecies communities. The processes taking place with 
their participation should be analysed as a sum of functions of the entire population and not 
as individual species [54, 76]. Using the Biolog Ecoplate, the [43] observed a greater metabolic 
diversity in soil than in reduced tillage compared to conventional tillage. Similar results were 
obtained by [77, 78]. In soils from urban ecosystems, the highest microbiological activity was 
observed in roadside-tree soils, while the lowest activity was observed in forest sites. At the 
same time, the authors did not notice any significant differences among long-term maize pro-
duction, park sites, and street green sites [79].

The higher average utilisation intensity (AWCD) values were recorded in soil under con-
ventional tillage with residue retention, than zero tillage and residue removal, after 15 years 
of cultivation. At the same time, it has been shown that the higher functional diversity of 
microorganisms is in soil under wheat cultivation compared to soil under maize cultivation 
[74]. Research [80] showed that ability of the microbial communities to utilise substrates on 
ECOplate was affected by fertilisation, but not by crop rotation treatments. At the same time, 
it has been demonstrated that the long-term use of manure can contribute to increase the ben-
eficial functional diversity of microorganism in agricultural soils. It was demonstrated that 
the functional diversity of microbial community depended on the presence of plant species 
[81]. The CLPP analysis also showed that the soil under cultivation of transgenic rice did not 
differ significantly in functional diversity of microbial communities compared to control [82].

5.5. The biodiversity in soils with different uses

The agricultural activity of mankind affects many of the physical and chemical properties of 
soil and its microbiological activity. Depending on the manner of soil utilisation, there are dif-
ferences in the composition of the population of microorganisms inhabiting the soil. The [83] 
concluded that the species diversity of soil microorganisms is primarily influenced by the abi-
otic soil properties independent of location or land-use type. They demonstrated that location 
and land-use type together explained more than 33% of the variation in soil biota diversity. 
However, the [84] have shown that soils with low human participation rate (cork-oak, forest, 
and pasture) were characterised by a more stable bacterial environment than soils with a high 
human participation rate (vineyards and managed meadow). Research conducted by [21, 22] 
also shows that soils used for agricultural use are degraded, which is noted in lower microbio-
logical parameters when compared with uncultivated soils. Changes in soil communities and 
loss of soil biodiversity threaten the multifunctionality and sustainability of the ecosystem [17].

Large variations in Proteobacteria composition are observed in soils with different uses. There 
were also changes in the composition of bacterial communities in the case of a change in the 
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way forest soil are used to cultivate crops and grazed pastures [84, 85]. Studies conducted in 
Poland showed that in soils used for agricultural use, there was a significantly lower amount 
of ammonifying bacteria in comparison with soils not used for agricultural purposes [21, 22]. 
Similar results were obtained in other studies on agricultural soils [86, 87].

It is well known that more intensively managed soils often contain less fungi biomass [88]. 
Lack of ploughing while leaving plant residues on the soil surface may increase the amount 
of fungi pathogenic to plants (Fusarium sp.). At the same time, a long-term economy without 
ploughing leads to a deep diversification of microbial communities and also develops high 
fungal biomass in surface soil [89]. Other researchers have shown that cultivation practices 
had little impact on the diversity of microbial communities [90].

Nitrogen fertilisation of soil influences the number of individual groups of microorganisms 
in soil. High nitrogen doses may lead to the accumulation of toxic substances, e.g., ammonia 
in soil, which does not have a beneficial effect on the Actinobacteria [91].

Collections of microorganisms decomposing cellulose and hemicellulose change the compo-
sition of the population in response to changes in the composition of organic fertilisers [39]. 
The use of manure as a fertiliser in rice fields increased the activity of microorganisms, with a 
simultaneous decrease in this activity in the case of chemical fertilisers [92].

Higher mite density, Collembola and Myriapoda, were observed in forest ecosystems, but on 
grasslands more earthworms were observed [88].

The examples given above show that soil is a complex ecosystem, and the cultivation method 
has an impact on many soil parameters (biological, chemical, physical), and thus also the 
organisms that inhabit it. Changes in populations of soil organisms may have an impact on 
plant growth and thus on yields.

6. Conclusions

It is well known that the agricultural activity of man has an impact on the soil environment, 
while changes in the soil shape changes in the whole accompanying ecosystem. Agriculture is 
an indispensable part of the economy and production, but it is up to man to decide whether 
he is cultivating the soil in order to increase harvests for only 1 year or for further perspective. 
The condition of the soil and its quality are deteriorating over time. Many effects of human 
activity are visible not sooner than in a few or even several years. For this reason, it is worth-
while to carry out monitoring of agricultural land in order to observe how quickly and to 
what extent changes occur. It is important to manage the environment sensibly so that it does 
not degrade and at the same time allows to obtain good production results. An additional 
problem is the difficulty in interpreting and comparing results of biogeochemical parame-
ters with new methods of microbial identification (e.g., sequencing). Therefore, the subject of 
changes in agricultural soil is a challenge and objective of agricultural science research.
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Abstract

Agroforestry systems are an age-old practice in the Indian Himalayan region. 
Agroforestry deals with the combination of tree species with crop plants, fisheries, ani-
mals, bee keeping, and so on, and it is based on the principle of optimum utilization 
of land. Agrihorticulture, silvihorticulture, hortipastoral, and silvipastoral systems are 
diversified land use options for agroforestry in the hill region. The study was conducted 
at experimental farm Hawalbagh (29o36′N and 79o 40′ E, 1250 m amsl) of Vivekananda 
Parvatiya Krishi Anusandhan Sansthan, Almora, India. Study in an agri-horti system 
revealed that ragi (Eluesine coracana) and soybean (Glysine max) during kharif (rainy sea-
son) and wheat (Triticum estivum) and lentil (Lens esculenta) during rabi (winter season) 
can be grown successfully with pecan nut (Carya illinoinensis) tree without significant 
reduction in the yield of the crop. However, grain yield of these crops was numerically 
higher in the field without pecan nut tree. In fruit-based agri-horti system four fruit crops, 
hill lemon (Citrus limon), pear (Pyrus communis), plum (Prunus domestica), and apricot 
(Prunus armeniaca) were planted with soybean in kharif and dual purpose wheat during 
rabi season. During initial years, no significant effect on grain yield was observed with 
the presence of different fruit trees. Green forage yield varied from 4600 to 5900 kg/ha  
in different treatments. In different treatments, ginger (Zingiber officinale) and turmeric 
(Curcuma longa), turmeric and taro (Colocasia esculenta), and two varieties of turmeric (Pant 
Pitabh and Swarna) were grown under Grewia optiva, Quercus leucotrichophora, Bauhinia 
variegata, and Celtis australis. Turmeric and ginger produced significantly higher yield 
(12.04 and 7.99 t/ha) under oak. The highest rhizome yield was obtained under Quercus 
leucotrichophora (11,738 kg/ha) followed by Bauhinia variegata. Pant Pitabh gave signifi-
cantly higher yield (10,860 kg/ha) than swarna. Improved systems with five tree species, 
that is, Grewia optiva, Quercus leucotrichophora, Bauhinia retusa, Melia azedarach, and Morus 
alba and four grasses, that is, Setaria kazugulla, Setaria nandi, Congo signal, and Broad leaf 
paspalum (Paspalum spp.) were tested under the silvipastoral system. Quercus leucotri-
chophora yielded (10,675 kg/ha) significantly higher green biomass than others, and the 
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lowest green biomass was harvested from Grewia optiva. Among grasses, Setaria nandi 
produced the highest green forage (6234 kg/ha). Thus, in hilly terrain, planting of inter-
spatial woody perennials, with least negative influences on the agronomic crops, seems 
productive in agroforestry system for settled farming. Therefore, agroforestry is a set of 
land use alternative, which if developed for resource poor farmers, can provide increased 
values and reduced risks and it should be made more popular in the rural areas.

Keywords: agroforestry systems, Himalaya, crop yield, agrihorticulture, woody 
perennials, silvihorti, silvipastoral, sustainability

1. Introduction

Agroforestry systems are an age-old practice in the Indian Himalayan region. Agroforestry 
deals with the combination of tree species with crop plants, fisheries, animals, bee keeping, 
and so on, and it is based on the principle of optimum utilization of land. Agrihorticulture, 
silvihorticulture, hortipastoral, and silvipastoral systems are diversified land use options for 
agroforestry in the hill region. These agroforestry systems play a vital role in the livelihood of 
the hill people [1, 2]. The production and availability of green fodder is not uniform through-
out the year, available in plenty during monsoon and remaining period, that is, winter and 
summer are miserable in hilly areas of Himalaya. The leaves of some identified evergreen fod-
der trees are given to animals during acute winter period [3]. Grewia optiva, Quercus leucotri-
chophora, Quercus dilatata, Quercus semecarpifolia, Ficus nemoralis, Ficus palmata, Ficus roxburghii, 
and so on are the main winter fodder trees [1, 2].

In the Himalayan region, several indigenous agroforestry systems based on people’s needs 
and site-specific characteristics have been developed over the years. Agroforestry practices 
have wide and promising potential to store carbon and remove atmospheric carbon dioxide 
through enhanced growth of trees. However, little has been reported regarding carbon seques-
tration potential of agroforestry systems in Indian Himalaya. In this scenario, it is imperative 
that the carbon sequestration potential for agroforestry practices in the region is also investi-
gated. The structural and functional aspects of tree species in traditional agroforestry systems 
greatly affect the overall productivity of the system. Generally, the overall productivity (crops 
+ trees) in agroforestry systems is higher than that in sole cropping systems [4]. Nair [5] defined 
agro-forestry as “a land use system that involves deliberate retention, introduction or mixture 
of trees or other woody perennials in crops and animal production to benefit from the resultant 
ecological and economical intersections. Hence, the basic objective of the study is (1) what are 
the land uses for improved farm production, income generation, and livelihood security (2) to 
investigate ecosystem services of these land uses, which are maintaining their sustainability.

1.1. Area and climate

The Indian Himalayas cover an area of 53.7 Mha, which ~17% of total geographical area of the 
country. Out of 21 agro-ecological regions of the country, four regions are enclosed entirely 
and one partially in the hilly agro-ecosystem. All five agro-ecological zones surround a broad 
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distinction in their environment ranging from cold arid to warm per humid. The mean annual 
precipitation in the area ranged between 150 and 4000 mm. The average annual temperature 
fluctuated between 8 and 22°C. The yearly variation in cultivation phase of diverse crops var-
ies from 90 to ~270 days. The major soils groups of the region are skeletal and calcareous to 
brown forest podzolic [6], which are alkaline and acidic by nature. The natural flora is alpine, 
temperate, wet evergreen and tropical deciduous forest in the Indian Himalayan region.

1.2. Land utilization and population

In the Himalayan region, population is ~39 million, which is ~4% of the total population of the 
India; the primary source of income here is agriculture, which contributes ~45% of the total 
regional income.

Himalayan area is sparsely inhabited (627 people/1000 ha). However, in this region, the genu-
ine stress on farming land is much high as ~15% of the reporting area is net cultivated area. 
Availability of land for cultivation in hilly region of Himalaya is just ~ 0.17 ha per capita. In 
the Himalayas, woodland covers ~ 47% of total reporting area of hills, and it is the main land 
use, whereas ~ 13% area of the region comes under permanent pastures and grazing lands.

Horticulture has its advantage in the Himalayan ecosystem due to its particular ecological 
condition and numerous micro-situations. This region has a subtropical to temperate cli-
matic condition, and the broad choice of fruits, such as apple (Malus domestica), banana (Musa 
bauensis), pomegranate (Punica granatum), citrus (Ctrus spp.), mango (Mangifera indica), peach 
(Prunus persica), plum (Prunus domestica), and walnut (Juglans regia); vegetables, such as brin-
jal (Solanum melongena), cabbage (Brassica oleracea var. capitata), cauliflower (Brassica oleracea 
var. botrytis), garlic (Allium sativum), onion (Allium cepa), pea (Pisum sativum), potato (Solanum 
tuberosum), tomato (Solanum lycopersicum), and so on; and spices, such as chilies (Capsicum 
annum), ginger (Zingiber officinale), and turmeric (Curcuma longa) is cultivated [2]. According 
to Tulachan [6], under horticulture (fruits and vegetable), ~ 13–15% is the gross cropped area.

1.3. The forests

The non-arable land occupies ~84% out of which forest land constitutes ~ 60% of the total 
geographical area [7]. Forest plays a vital role to the sustenance of agrarian economy, and 
inhabitants withdraw resources such as forage material, fuelwood, non-timber forest product, 
and livestock grazing. These forests on account of heavy pressure are under degradation at a 
rapid pace. In the Himalayan region, agriculture has been convoluted integration with forestry 
practices. However, the increased availability of fodder, fuelwood, and minor forest products 
including ecological security, larger driving force is needed to put on agroforestry [1].

2. Agroforestry systems

Agroforestry is intentional incorporation of agriculture, forestry, animals and/or pastures, 
which are managed intensively and in an integrated manner and each component interacts 
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Figure 1. Land utilization pattern of North-West (Uttarakhand, Himachal Pradesh and Jammu & Kashmir) Himalaya.

with each other to obtain ecological, monetary, and societal benefits. It is a science that pro-
vides information on the impact of the variables such as tree species, tree-spacing, orientation 
of trees, rotation of crops, pruning types and intensity, quantity and timing of litter addition, 
thinning and felling, which can be managed by the farmer. Trees not only supplement the 
fodder, fuel, fiber, fruits, and so on, but also accumulate biomass and sequester carbon [1, 2, 
8, 9]. Dhyani et al. [10] asserted that agroforestry is key path to prosperity for millions of farm 
families leading to extra income, employment generation, greater food and nutrient security, 
and meeting other basic human needs in a sustainable manner. It is more pertinent to hilly 
regions where existence without agroforestry is difficult.

2.1. Objectives of agroforestry

• To utilize available farm resources properly

• To maximize per unit production of food, fodder and fuel

• To optimize biological and physiological resources

• To maintain ecological balance

• To check soil erosion, conserve soil moisture, and increase soil fertility

2.2. Identification of agroforestry systems

Structural (nature, arrangement) and functional (outputs role) basis [11] was adopted for 
identification and naming agroforestry systems prevalent in the study area. System types 
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and their system units were indicated using stratified classification of agroforestry practices 
as given by Zou and Sanford [12]. Considering the major components, a system type was 
named, whereas functional unit, that is, combination of specific tree species or other related 
components, was termed system unit. Hence, functional units such as cereals, pulses and 
vegetable in agriculture; in horticulture, specific fruit trees; in grasslands, grasses; and in sil-
vipasture, trees/grass species were considered to identify systems and system units.

The different components of agroforestry systems were identified as primary and secondary. 
(1) Primary components: The components occupying the larger area of the total unit area 
and serving the major function, that is, production of primary output needed by the farmers 
was termed as primary component. (2) Secondary components: The component occupying 
relatively lesser area of the total unit area compared to area under primary component and 
yielding secondary needs of the farmers was termed as secondary component (Figure 1). 
Using abovementioned framework for identifying agroforestry systems, it can be classified 
as follows:

3. Agroforestry ecosystem services

3.1. Soil conservation

From the land a lot of losses of valuable is taking place in nature. These losses are in terms 
of water loss and soil loss through runoff and sedimentation, and precious top productive 
soil is being lost in a huge amount in this way. Estimates indicated that soil is displaced 
annually ~16 tones/ha which washed into the sea, which is greater than the permitted limit 
of 4.5 tones/ha/year. Agroforestry can be used to reduce this loss through putting it on bar-
ren lands of a watershed in the form of the land cover. Total annual accretion of litter fall 
in pecan nut (6 m × 7 m) based agri-horti system found 2.14 t ha−1 yr.−1 and relative abun-
dance of nutrients in litter fall of pecan nut tree were in the order of C (901.9 kg ha−1 yr.−1) > N 
(57.44 kg ha−1 yr.−1) > K (43.29 kg ha−1 yr.−1) > P (3.21 kg ha−1 yr.−1), which are supposed to help 
in nutrient buildups of the soil (Figure 2 and Table 1) [13, 14].

3.2. Microclimate

Agroforestry will help in the moderation of microclimate around the trees. Microclimate 
amelioration, which involves air and soil moisture and temperature relations, results pri-
marily from the use of trees in shade and live fences, growing crops in interspaces of the 
trees, creating shelterbelt and/or windbreak, and boundary plantation of trees. The condi-
tion of shade creates a net effect through complex interactions, and it expands further than 
the simply light and heat moderation [14]. Humidity, temperature and air movement as well 
as soil temperature and moisture of the soil directly influence transpiration, photosynthesis, 
and balance of energy of associated crops [15], and the overall influence may be translated 
into improved yields. The numerous practices that farmers conventionally have devised 
to achieve this objective confirm to the significance ascribed to microclimate moderation 
[16–18].
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3.3. Watershed management

The watershed area can be utilized properly with adoption of agroforestry. This approach 
of watershed decides how to manage the land, that is, plan of crop management, develop-
ment of pasture, plantations of forest, and so on, as per need of the watershed. Watershed  
management includes judicious use of natural resources, that is, water, land, plants and 
animals including human for conservation and regeneration purpose within the watershed 
area. As it is the human who is principally accountable for environmental degradation, this 
management of watershed maintains balance in the environment between natural resources 
including man and animals that inhabit the watersheds. Measures such as employment of 
people, planning from bottom-up approach, sustainability and equitable distribution of 
resources are the approaches for a good watershed management.

Figure 2. Classification of agroforestry system based on structure and function [8].

Nutrients Concentration (%) Potential nutrient return (kg ha−1 yr−1)

Carbon 42.1 901.9

Nitrogen 2.68 57.4

Phosphorus 0.15 3.2

Potassium 2.02 43.2

Table 1. The average concentration of nutrients in litter fall of pecan nut tree and potential amount of nutrients that could 
be released from pecan nut litter fall.
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Approaches such as in situ conservation measures for soil and moisture, that is, bunding, veg-
etative barriers, terrace, trenching, treatment of drainage line by vegetative and engineering 
structures and developing small structures for water harvesting. Plantation of multi-purpose 
trees (MPTs), legumes, shrubs and sowing of grasses for grazing land development. In the 
watershed area promoting natural regeneration, encouraging creation of agroforestry & hor-
ticulture and establishment of woodlots to conserve common property resources and to meet 
demand of fuelwood are the activities need to promote.

3.4. Biomass production and carbon storage

The maximum production of biomass per unit area is a main objective of agroforestry. For 
the production of biomass, we can use the bunds, canal roads, farm ponds, lakes, water-
logged area and ravines of a watershed in an economic way. Aboveground biomass pro-
duction and carbon storage (Figure 3) in some of the important agroforestry systems viz., 
fruit tree-based agrihorticulture, oak high-density plantation (1 × 1 m), and pecan nut based 
agrihorticulture system was studied by Yadav et al. [9, 19–21]. Due to population explosion 
and increasing number of industries, pressure on forest is increasing day by day. Because 
of this population pressure, it is not possible to grow forest on agricultural lands. Through 
agroforestry, we can grow trees on marginal lands with crops. This will also restore the 
ecological balances.

3.5. Livelihood security

In watershed area, agro-based cottage industry can be promoted with the help of agrofor-
estry. These will include paper pulp industry, herbal medicines, fiber production, piggery, 
poultry, aquaculture, beekeeping, dairying, sericulture, lac-culture and mushroom produc-
tion. It will help in generating income and improving living standard of marginal farmers.

Figure 3. Aboveground biomass and biomass carbon in different systems of Central Himalaya [9, 19–21].
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animals including human for conservation and regeneration purpose within the watershed 
area. As it is the human who is principally accountable for environmental degradation, this 
management of watershed maintains balance in the environment between natural resources 
including man and animals that inhabit the watersheds. Measures such as employment of 
people, planning from bottom-up approach, sustainability and equitable distribution of 
resources are the approaches for a good watershed management.

Figure 2. Classification of agroforestry system based on structure and function [8].

Nutrients Concentration (%) Potential nutrient return (kg ha−1 yr−1)

Carbon 42.1 901.9

Nitrogen 2.68 57.4

Phosphorus 0.15 3.2

Potassium 2.02 43.2

Table 1. The average concentration of nutrients in litter fall of pecan nut tree and potential amount of nutrients that could 
be released from pecan nut litter fall.
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Approaches such as in situ conservation measures for soil and moisture, that is, bunding, veg-
etative barriers, terrace, trenching, treatment of drainage line by vegetative and engineering 
structures and developing small structures for water harvesting. Plantation of multi-purpose 
trees (MPTs), legumes, shrubs and sowing of grasses for grazing land development. In the 
watershed area promoting natural regeneration, encouraging creation of agroforestry & hor-
ticulture and establishment of woodlots to conserve common property resources and to meet 
demand of fuelwood are the activities need to promote.

3.4. Biomass production and carbon storage

The maximum production of biomass per unit area is a main objective of agroforestry. For 
the production of biomass, we can use the bunds, canal roads, farm ponds, lakes, water-
logged area and ravines of a watershed in an economic way. Aboveground biomass pro-
duction and carbon storage (Figure 3) in some of the important agroforestry systems viz., 
fruit tree-based agrihorticulture, oak high-density plantation (1 × 1 m), and pecan nut based 
agrihorticulture system was studied by Yadav et al. [9, 19–21]. Due to population explosion 
and increasing number of industries, pressure on forest is increasing day by day. Because 
of this population pressure, it is not possible to grow forest on agricultural lands. Through 
agroforestry, we can grow trees on marginal lands with crops. This will also restore the 
ecological balances.

3.5. Livelihood security

In watershed area, agro-based cottage industry can be promoted with the help of agrofor-
estry. These will include paper pulp industry, herbal medicines, fiber production, piggery, 
poultry, aquaculture, beekeeping, dairying, sericulture, lac-culture and mushroom produc-
tion. It will help in generating income and improving living standard of marginal farmers.

Figure 3. Aboveground biomass and biomass carbon in different systems of Central Himalaya [9, 19–21].
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In Indian Himalaya, livelihood security is reliant on traditional farming practices that include 
agroforestry beside forest produce; forests provide 73–79% of required energy from fuelwood 
and more than 81% fodder [2]. The income of people was positively correlated with livestock 
rearing and farming. The adoption of this type of integrated farming which includes agrofor-
estry with livestock (dairy and poultry/goat rearing) will improve the income of the people and 
sustainability of farming. Awareness of agroforestry was significantly related to literacy rate, 
land holding size, and fuelwood consumption (Table 2). A significantly positive relationship 
was obtained among income, fodder consumption, fodder from forest, land holding size, and 
livestock size [2].

3.6. Climate change mitigation

The mitigation actions deal with the causes of the crisis ever-increasing greenhouse gases 
concentrations. Example includes reduction of energy consumption and promoting clean 
technologies could be mitigation measures. Mitigation is an international issue, as when a 
mitigation project related to agroforestry reduces emissions of greenhouse gases, it remu-
nerates the entire globe. Many agroforestry activities contribute to climate change mitiga-
tion (Figure 4). C stocks can be increased by creating agroforestry through plantations [3]. 
As shown in the graph, the difference between the present growing stock and the baseline 
through creating plantations of agroforestry is a benefit. Reduced felling or no felling at all 
of trees is helpful to conserve existing growing stocks on agroforestry farm lands. With refer-
ence to the degradation or tree felling scenario, the benefit of conservation is estimated in this 
situation. In agroforestry activities, emissions can be reduced, with a reduction of energy or 
fertilizers in diverse agroforestry operations. From agroforestry products, biomaterials and 

Parameter Correlation

1 2 3 4 5 6 7 8 9 10

Annual income 0.703** 1

Livestock size 0.865** 0.488** 1

Fuel 
consumption

0.174 0.273 0.179 1

Fodder from 
forest

0.551** 0.313 0.785** 0.307 1

Family size −0.132 0.007 −0.006 −0.020 0.033 1

Sex ratio 0.181 0.032 0.151 0.240 0.192 −0.201 1

Literacy rate 0.176 0.340 0.056 0.361 0.024 0.016 0.354 1

Land holding 
size

0.530** 0.378* 0.447* 0.235 0.403* −0.467** 0.495** 0.432* 1

Agroforestry 
awareness

0.168 0.325 0.058 0.375* 0.026 0.000 0.352 0.998** 0.434* 1

Note: **Correlation significant at the 0.01 level. *Correlation significant at the 0.05 level.

Table 2. Pearson’s correlation coefficients between various parameters of Central Himalayan watershed [2].
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bioenergy can be produced to substitute materials or energy that generates GHGs. The first 
two activities refer to C sequestration in the agroforestry or any other ecosystem, while the 
last two refer to energy-related emissions [8].

4. Prevalent agroforestry system in the Himalayan region

Several agroforestry systems are common in the hill region [22]. Growing trees on the field 
bunds and around the fields is an age-old practice. Agrihorticulture, silvihorticulture, horti-
pastoral and silvipastoral systems are diversified land use options for agroforestry in the hill 
region [2]. These agroforestry systems play a vital role in the livelihood of the hill people [1, 2].  
The study on some important agroforestry systems was conducted at experimental farm 
Hawalbagh (29°36′N and 79°40′E, 1250 m amsl) of Vivekananda Parvatiya Krishi Anusandhan 
Sansthan, Almora, India. The most common agroforestry systems in hills are as follows:

4.1. Agrihorticulture system

Agrihorticulture systems are the most common systems, which are pervasive in Himalaya [2]. 
These systems (agriculture crops + fruit trees) are the combination of agriculture crops grown 
in the interspaces of fruit trees. These systems are the backbone of food, nutritional and liveli-
hood security in hilly terrain. Though people do not follow specific spacing and orientation 
patterns for planting fruit trees but mainly aimed to obtain diversified outputs, these systems 
improved farm income and reduced risk.

Study in an agrihorticulture system revealed that ragi and soybean during kharif and wheat 
and lentil during rabi can be grown successfully with pecan nut tree without significant reduc-
tion in the yield of the crop [22]. However, grain yield of these crops was numerically higher 
in the field without pecan nut tree. In fruit-based agrihorticulture system, four fruit crops, hill 
lemon, pear, plum and apricot were planted with soybean in kharif and dual purpose wheat 
during rabi season. During initial years, no significant effect on grain yield was observed with 
the presence of different fruit trees (Table 3).

Figure 4. Carbon sequestration through creating agroforestry plantation and reduced felling of trees from agroforestry 
farmlands [8].
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two activities refer to C sequestration in the agroforestry or any other ecosystem, while the 
last two refer to energy-related emissions [8].
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pastoral and silvipastoral systems are diversified land use options for agroforestry in the hill 
region [2]. These agroforestry systems play a vital role in the livelihood of the hill people [1, 2].  
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Hawalbagh (29°36′N and 79°40′E, 1250 m amsl) of Vivekananda Parvatiya Krishi Anusandhan 
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4.2. Silvihorticulture system

Silvihorticulture systems (fodder trees + horticulture crops) are the combinations of the fod-
der trees and horticulture plantation crops. Fodder trees serve the purpose of forage supply to 
livestock, which are paramount to rural agrarian economy. Beside forage supply, these trees 
also fulfill energy (fuelwood) needs in the form of the rural inhabitants of the hilly region. 
Livestock rearing and horticulture plantations crops generate income to farming community.

Green forage yield varied from 4600 to 5900 kg/ha in different treatments in study on silvihor-
ticulture. In different treatments, ginger and turmeric, turmeric and taro, and two varieties of 
turmeric (Pant Pitabh and Swarna) were grown under Grewia optiva, Quercus leucotrichophora, 
Bauhinia variegata, and Celtis australis [23]. Turmeric and ginger produced significantly higher 
yield (12.04 and 7.99 t/ha) under oak. The highest rhizome yield was obtained under Quercus 
leucotrichophora (11,738 kg/ha) followed by Bauhinia variegata. Pant Pitabh gave significantly 
higher yield (10,860 kg/ha) than swarna (Table 4).

4.3. Silvipastoral system

Silvipastoral systems (fodder trees + grasses) are managed on the barren and marginal land 
including community wasteland. In this system, both components provide fodder materials 
to livestock owners. Dairying industry helps farmers to fetch good income through selling 
milk and its byproducts. Draught animals are source of energy for agricultural and other 
domestic activities.

Improved systems with five tree species, that is, Grewia optiva, Quercus leucotrichophora, 
Bauhinia retusa, Melia azedarach, and Morus alba and four grasses, that is, Setaria kazugulla, 
Setaria nandi, Congo signal, and Broad leaf paspalum (Paspalum spp.) were tested under silvi-
pastoral system [3]. Quercus leucotrichophora yielded (10,675 kg/ha) significantly higher green 
biomass than others, and the lowest green biomass was harvested from Grewia optiva. Among 
grasses, Setaria nandi produced the highest green forage (6234 kg/ha) (Table 5).

Crop sequence Grain yield (t ha−1)

With pecan nut tree Rabi Kharif

Maize-pea 1.56 3.19

Soybean-wheat 2.96 1.50

Maize-wheat 3.00 3.47

Soybean-pea 1.82 1.62

Without pecan nut tree

Maize-pea 1.75 3.75

Soybean-wheat 3.32 1.56

Maize-wheat 3.10 3.49

Soybean-pea 1.59 1.48

Table 3. Yield of field crops with and without pecan nut tree (average of 5 years).
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4.4. Hortipastoral system

For proper management of marginal land, the fruit trees are planted depending upon agro-cli-
matic situations. In unutilized interspaces of the fruit trees grasses are cultivated to produce green 
forage to feed animals. In hortipastoral systems (fruit trees + grasses), one component sold directly 
in the market to generate income, whereas other component fulfills forage needs of the livestock. 
This system helps in generating income and improving living standard of rural populations.

In hortipastoral production system, four rabi, namely, perennial rye (Lolium perenne), tall 
fescue (Festuca arundinacea), hima 14 (Festuca arundinacea var. hima), and grassland manava 
(Festuca jatia) grasses with and without peach tree were grown for utilization of marginal land. 
Grassland manava produced significantly higher mean green forage yield (284.1 q ha−1) fol-

Treatment Yield (t ha−1)

1994–1995 1995–1996 Average

Turmeric

Quairal 6.03 4.66 5.35

Kharik 12.77 8.57 10.67

Oak 15.00 9.08 12.04

Bhimal 7.70 5.70 6.70

Open 10.75 7.16 8.96

Ginger

Quairal 5.78 3.15 4.47

Kharik 10.44 4.95 7.70

Oak 10.74 5.23 7.99

Bhimal 6.67 3.38 5.03

Open 9.12 3.91 6.52

Table 4. Rhizomes yield of ginger and turmeric with different fodder trees.

Grass species Green forage yield (t ha−1)

Pine Deodar

Pangola 14.01 13.66

Rhodes 4.78 3.06

Para grass 0.48 2.04

Guine 0.41 2.55

Local 0.25 0.22

Table 5. Performance of different improved and local grasses under pine and deodar.
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Figure 5. Green forage yield (q ha−1) of winter grasses in peach-based hortipastoral production system [24].

lowed by perennial rye under peach tree, while in open perennial rye gave higher mean green 
forage yield 299.6 q ha−1, which was at par with the grassland manava 294.7 q ha−1(Figure 5) .

4.5. Energy plantation system

This system not only restores and conserves community lands but also improves its productivity 
through production of timber, fodder, and fuelwood. Energy plantation has been found a viable 
agroforestry system for the hills. For such system, Quairal (Bauhinia variegeta), Bhimal (Grewia 
optiva), Batain (Melia azedarach), oak (Quercus leucotrichophora), kharik (Celtis australis), Bedu (Ficus 
palmata), and Paiya (Prunus padam) have been found suitable for energy plantation [25].

The green matter yields [25], however varied with the varying tree species recorded on 
an average, 50–250 q/ha in 3rd year and 400–650 q/ha in the subsequent years. In case of 
oak energy plantation, combined application of chemical fertilizers (30 kg N + 40 kg P205/
ha) with manure (FYM @ 10 t/ha) produced 14.0% more leaf yield than chemical fertilizer  
(30 kgN + 40 kg P205) alone (12.4 tons/ha) and 11% higher than manure alone (12.7 tons/ha).

4.6. Agroforestry in cold arid zone

In Himalayan cold arid zone, agroforestry systems need to be stressed as follows:

i. Agrisilviculture: Here legume plants are cultivated with densely planted poplar (Populus 
nigra), and it is well accepted in Ladakh region of Indian Himalaya [26].

ii. Silvipastoral: such agroforestry systems are dominated as pastures at high altitude of 
Ladakh Caragana, Hippophae (Hippophe rhamnoides) and willows (Salix alba) combina-
tions are practiced. The junipers, birch and rhododendron are found in alpine zone of 
Spiti with Poa and Agropyron spp. of grasses are cultivated [27].

iii. Agrisilvipastoral: Crops like wheat or barley is grown in the interspaces of Populus, Salix 
and Robina spp. and lopped material are used as animal fodder.
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iv. Hortipastoral: In alfalfa field, fruit plants such as apricot or apple are grown.

Thus, in hilly terrain, planting of interspatial woody perennials, with least negative influences 
on the agronomic crops, seems productive through agroforestry system for settled farming. 
Instead of this, these systems provide environmental benefits such as soil improvement and 
carbon sequestration [19, 28]. Therefore, agro forestry is a set of land use alternative, which, 
if developed for resource poor farmers, can provide increased values and reduced risks, and 
it should be made more popular in the rural areas. The mixed farming and alley cropping 
system appears to be viable alternatives for farmers practicing settled cultivation in hills’ base 
and plain areas, while in hilly terrain, planting of interspatial woody perennials on terrace 
risers, with least negative influences on the agronomic crops, seems productive through agro-
forestry system for settled farming.

5. Conclusion

Agroforestry is a set of land use alternative, which, if developed for resource poor farmers, can 
provide increased values and reduced risks. This will help the poor farmer in overcoming the 
fuel and fodder shortage with increased productivity of the land and pressure on forest will be 
reduced. This will generate income to farmer in a drought year when crop is failed. This will 
have a positive effect on the environment as it reduces erosion and runoff, improves soil fertil-
ity, and mitigates climate change. Therefore, agro forestry should be made more popular in the 
rural areas through extension programs, and a top priority should be given in the watershed 
development.
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iv. Hortipastoral: In alfalfa field, fruit plants such as apricot or apple are grown.

Thus, in hilly terrain, planting of interspatial woody perennials, with least negative influences 
on the agronomic crops, seems productive through agroforestry system for settled farming. 
Instead of this, these systems provide environmental benefits such as soil improvement and 
carbon sequestration [19, 28]. Therefore, agro forestry is a set of land use alternative, which, 
if developed for resource poor farmers, can provide increased values and reduced risks, and 
it should be made more popular in the rural areas. The mixed farming and alley cropping 
system appears to be viable alternatives for farmers practicing settled cultivation in hills’ base 
and plain areas, while in hilly terrain, planting of interspatial woody perennials on terrace 
risers, with least negative influences on the agronomic crops, seems productive through agro-
forestry system for settled farming.

5. Conclusion

Agroforestry is a set of land use alternative, which, if developed for resource poor farmers, can 
provide increased values and reduced risks. This will help the poor farmer in overcoming the 
fuel and fodder shortage with increased productivity of the land and pressure on forest will be 
reduced. This will generate income to farmer in a drought year when crop is failed. This will 
have a positive effect on the environment as it reduces erosion and runoff, improves soil fertil-
ity, and mitigates climate change. Therefore, agro forestry should be made more popular in the 
rural areas through extension programs, and a top priority should be given in the watershed 
development.
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Abstract

The cacao agrosystems are very suitable for reforesting completely cleared areas and can 
become biological corridors between segments of the forest, allowing the repopulation of 
birds, mammals, reptiles, and amphibians, among others. Cacao (Theobroma cacao L.) is 
one of the most important tropical crops both nationally and internationally. However, 
by appropriate management of cacao crops and the inclusion of aggregate values in for-
est, fruit, vegetables, and ornamental production, as organic cultivation, specific varieties 
of plants could generate significant income for small producers in the Southeast from 
Mexico. This cacao agrosystem is involved in erosion, soil fertility, plant nutrition, water 
quantity and quality, carbon sequestration, reduction of greenhouse gas emissions, and 
soil biodiversity.

Keywords: agroforestry, nutrient, organic, soil chemical properties

1. Introduction

Currently, global challenges such as deforestation, indefensible cultivation practices, loss of 
flora and fauna, greater risk of climate alteration, as well as the intensification of food short-
ages, poverty and malnutrition, can be observed and investigated [1]. Proper selection of trees 
and crop species helps meet wood demand, increase yield, soil fertility, promote sustain-
ability and adequate efficiency of natural resources [2]. The cultivation of cocoa interspersed 
with tree species and high-density short rotation can be the best option to meet the growing 
requirements of raw materials for food and industry through the sustainability of natural 
resources [3].
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Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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The agroforestry systems of cacao in Tabasco (Mexico) is an ecological agricultural alternative, 
economically feasible, sustainable, and conservation of natural resources in the simultaneous 
preservation of forests and jungles. Given that Theobroma cacao is a shade-tolerant plant, this 

Figure 1. The cacao agroforestry systems in Tabasco (México).
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production system manages genetic diversity of ecosystems in southern Mexico, Tabasco [4]. 
The objective of this review is to conduct a current investigation of the state of the art of cocoa 
agrosystems in the state of Tabasco, Mexico.

1.1. Theobroma cacao L

The T. cacao is a member of the Malvaceae family and is a neotropical species that originated 
in southern and central Mexico. It is widely grown in more than four countries in the humid 
tropical regions (Tabasco, Chiapas, Oaxaca, and Veracruz). Cocoa beans are used for chocolate, 
sweets, and drinks. The cacao pods (fruits) grow mainly on the tree trunk. Photo assimilates 
are translocated from source organs (leaves) to sink organs (pods) through a long-distance 
phloem pathway.

Based on the morphological characteristics and geographical origins, three main genetic 
groups have traditionally been defined within cocoa: Criollo, Forastero, and Trinitario. 
Trinitario has been recognized as a hybrid “Criollo × Forastero.” Recently, molecular markers 
and chromosome analysis have been used to classify cocoa germplasm into 10 main groups: 
Amelonado, Contamana, Curaray, Guayana, Iquitos, Marañón, Nanay, Purús, Criollo, and 
Nacional [5]. The genomes of Criollo and Amelonado have been sequenced and cover 76 and 
92% of the estimated genome size, respectively [5, 6].

These genomes are important for research in genetic characterization, phylogenetics, and 
viability. Tabasco is a state of the Mexican Republic located in the southeastern part of the 
country (Mexico), with 17 municipalities of which three are the largest producers of cocoa 
with the agroforestry system: Comalcalco, Cunduacán, and Cárdenas (Figure 1). It has a trop-
ical humidity climate, with temperatures ranging from a minimum of 17°C to a maximum of 
42°C, with a rainfall of 2000 mm per year and a relative humidity of 90%. The topography is 
generally flat and low and is covered to a large extent with lakes, lagoons, and wetlands [4]. 
These biotic and abiotic conditions have favored the agroforestry systems in the production 
of cocoa of the three groups Criollo, Forastero, and Trinitario, at the same time, an increase 
in the fertility of the soil, micro- and macroorganisms, conservation and together with the 
sustainability.

2. The cacao agrosystems

Diversification, efficiency in land use, climate change, sustainability, and permanent vegeta-
tion cover are important elements of agroforestry systems, which play an important role in 
adapting to climate change [7–10]. Agrosystem has been recognized as a process in agricul-
ture as an innovative and promising way to reduce the concentration of atmospheric CO2 by 
replacing fossil fuels in the Kyoto Protocol [11].

Tabasco is the first producer of cocoa under agroforestry systems, Mexico. It is mentioned 
as a green and economically viable alternative with the concurrent conservation of for-
est remains and economic services (Table 1). In this state, two typical systems of cocoa 
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production are managed: (1) traditional farming system, where cocoa plantations are 
implanted under forests or natural forests, and herbaceous, shrubby, and upper canopy 
individuals are eliminated to provide greater light input [13–15]; and (2) cocoa plantations 
are established in areas where the entire forest or native has been removed and replaced 
by a single forest species and the cocoa plants are shaded with banana and other crops 
such as cassava and corn as a provisional shade until forest species provide sufficient 
shade [13, 16, 17].

Environmental performance in cocoa production as monoculture and agroforestry through 
life cycle assessment based on ISO 14040 and 14044, with adaptation for local impact indica-
tors. The analysis considered cocoa production at the farm level, from field establishment to 
the limit of the cocoa crop. The results showed that agroforestry has the smallest contribution 
to the categories of global impact of global warming, acidification, and eutrophication, which 
represent carbon dioxide (3.67E+01 kg CO2

−), sulfur dioxide (4.31E−02 kg SO2
−), and phos-

phate (2.25E−05 kg PO4
−), respectively [18].

Agroforestry with cacao and monoculture of cocoa also had the highest amount of organic 
carbon and organic matter in the soil, conditions that favor the growth and activity of ben-
eficial microorganisms for the soil rhizosphere (Pseudomonas sp. and Trichoderma sp.) [19]. 
In addition, this cocoa agroforestry system had the highest value at 1.36 tons per hectare, 
as compared to the monoculture of cocoa that was below 1 ton per hectare. Therefore, this 
agroforestry system is a wise option to promote the environmental sustainability of cocoa 
crops associated with plant diversity [19].

Agroforestry is increasingly considered as an important adaptation and mitigation strategy 
against climate change. In particular, the use of fruit trees, trees, and shrubs has been pro-
moted as a practice that contributes to improving soil fertility through nitrogen fixation and 
the use of macro- and beneficial microorganisms, by increasing the supply of nutrients for the 
production of crops. While much of the evidence on the impact of tree diversity is based on 
ranch experiments and correlation analysis, there is a paucity of rigorous evidence under the 
real conditions of small farmers. Research on the impacts of the adoption and the change of 
arboreal vegetation such as Gliricidia sepium and Faidherbia albida [19].

State Surfaces (Ha−1) Production (T−1) Performance (T/H−1)

Seeded Harvested

Tabasco 40,887 40,668 6995 0.172

Chiapas 16,782 15,280 3947 0.259

Guerrero 250 79 24 0.307

Source: https://www.gob.mx/siap [12].

Table 1. The producing states of Theobroma cacao in Mexico under agroforestry system [12].
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The producers in Malawi adopted the agroforestry system with cocoa and the changes of 
trees or shrubs of the legume type showed the increase in value to the different crops by 35%. 
It also had an impact on the disaggregation through stratification by land ownership reveal-
ing that farmers with smaller farms of up to 2 acres obtain the greatest benefits. In addition, 
the use of legume-type shrubs along with corn also significantly increased the value of food 
crops. This study offers preliminary ideas that contribute to an emerging field of research on 
the quantitative assessment of agricultural interventions, such as agroforestry practices using 
new analytical approaches. We provide some policy ideas and recommend the need to design 
future research on development initiatives that consider small-scale variation in the social, 
economic, and ecological context of farmers to improve their absorption and adaptation in 
order to take advantage of the full potential of the agroforestry to improve soil fertility and 
family food security [20].

2.1. The cocoa beans

Chocolate has been attributed to attainment of optimal human health and development due 
to its high content of flavonoids that are crucial in reducing the risk or delaying the develop-
ment of cardiovascular disease, cancer, and other age-related diseases [21].

The production of chocolate had a great impact with the appearance of the diseases of 
“Phytophthora,” “Ceratocystis fimbriata,” “Crinipellis perniciosa,” and “Moniliophthora roreri” in 
the cocoa plants (Figure 2). To recover the production of cocoa, many hybrid plants resistant 
to diseases have been developed (Figure 3). However, some different cocoa hybrids produce 

Figure 2. The healthy and diseased “Moniliophthora roreri” cocoa pod present in agroforestry systems.
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production are managed: (1) traditional farming system, where cocoa plantations are 
implanted under forests or natural forests, and herbaceous, shrubby, and upper canopy 
individuals are eliminated to provide greater light input [13–15]; and (2) cocoa plantations 
are established in areas where the entire forest or native has been removed and replaced 
by a single forest species and the cocoa plants are shaded with banana and other crops 
such as cassava and corn as a provisional shade until forest species provide sufficient 
shade [13, 16, 17].

Environmental performance in cocoa production as monoculture and agroforestry through 
life cycle assessment based on ISO 14040 and 14044, with adaptation for local impact indica-
tors. The analysis considered cocoa production at the farm level, from field establishment to 
the limit of the cocoa crop. The results showed that agroforestry has the smallest contribution 
to the categories of global impact of global warming, acidification, and eutrophication, which 
represent carbon dioxide (3.67E+01 kg CO2

−), sulfur dioxide (4.31E−02 kg SO2
−), and phos-

phate (2.25E−05 kg PO4
−), respectively [18].

Agroforestry with cacao and monoculture of cocoa also had the highest amount of organic 
carbon and organic matter in the soil, conditions that favor the growth and activity of ben-
eficial microorganisms for the soil rhizosphere (Pseudomonas sp. and Trichoderma sp.) [19]. 
In addition, this cocoa agroforestry system had the highest value at 1.36 tons per hectare, 
as compared to the monoculture of cocoa that was below 1 ton per hectare. Therefore, this 
agroforestry system is a wise option to promote the environmental sustainability of cocoa 
crops associated with plant diversity [19].

Agroforestry is increasingly considered as an important adaptation and mitigation strategy 
against climate change. In particular, the use of fruit trees, trees, and shrubs has been pro-
moted as a practice that contributes to improving soil fertility through nitrogen fixation and 
the use of macro- and beneficial microorganisms, by increasing the supply of nutrients for the 
production of crops. While much of the evidence on the impact of tree diversity is based on 
ranch experiments and correlation analysis, there is a paucity of rigorous evidence under the 
real conditions of small farmers. Research on the impacts of the adoption and the change of 
arboreal vegetation such as Gliricidia sepium and Faidherbia albida [19].

State Surfaces (Ha−1) Production (T−1) Performance (T/H−1)

Seeded Harvested

Tabasco 40,887 40,668 6995 0.172

Chiapas 16,782 15,280 3947 0.259

Guerrero 250 79 24 0.307

Source: https://www.gob.mx/siap [12].

Table 1. The producing states of Theobroma cacao in Mexico under agroforestry system [12].
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cocoa beans that generate chocolate with variable quality. The fermentation of cocoa beans is 
a microbiological process that can be applied to the production of chocolate flavor precursors, 
which leads to overcome the problem of the variable quality of chocolate [22]. The beneficial 
microorganisms in the use of cocoa production have influence on the microbial communities 
present in the fermentation process of the compounds involved during the fermentation and 
the sensory characterization of chocolate. In the bitter or semibitter taste, the use of microor-
ganisms such as: Saccharomyces cerevisiae, Lactobacillus plantarum, and Acetobacter pasteurianus 
is proposed as starter cultures for the fermentation of cocoa.

Climate change can create serious problems for farmers by increasing the variability of rain-
fall, droughts, and floods. Understanding how to build the resilience of livelihoods for these 
purposes is a hallucinatory necessity. Agroforestry can be considered as a potential solu-
tion, although many people intuitively link agrosystems with livelihoods against floods and 
drought, there is little comprehensive empirical evidence. Agrosystems for small farmers can 
develop livelihood capacities for floods and drought: it is possible to adapt various strategies 
to climate change, but is crucial for small farmers, and agroecosystem can be a promising 
option to balance the main production of cocoa, which is mainly chocolate grains [23].

3. Soil chemical properties and nutrient

The soil of the agroforestry systems is enriched with the addition of litter in large quantities by 
the different plant species, which ultimately improves fertility in terms of organic carbon avail-
able from the soil to the plant and the participation of macro- and microorganisms in the soil. 
The processes of crushing, degrading, and transforming the available nutrients (N, P, and K) 
provide alternative sources of income and employment to the population of the rural areas that 
help in the economic systems [13, 24].

Figure 3. The surface area and production of cocoa in the state of Tabasco [21].
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The fall of litter is an important input for the replacement of microbial substances in the 
soil and is one of the most essential ways to maintain soil fertility and quality of vegetable 
production with free of agrochemicals. The agroforestry system is a proven system of 
land use to vertically improve the health, quality, and microbial stability against unsuit-
able climatic conditions. This system contributes to increase the nutritional balance in the 
soil compared to the open system, that is, pH (7.9), EC (0.43 dSm−1), available nitrogen 
(253.48 kg/ha), potassium (219.63 kg/ha), organic carbon (1.07%), and available soil phos-
phorus (22.72 kg/ha) [13, 24].

The spatial integration of land use for the management of soil fertility, soil health, economic 
services, crop quality, and the key factors that influence the integration of land conservation 
based on multipurpose agrosystems such as outputs and inputs in the process of agroforestry-
cocoa integration and the use of agroforestry space lands have been discussed [13, 25–28].
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