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Abstract

Gasto, J., L. Vera, L. Vieli, and R. Montalba. 2009. Sustainable Agriculture: Unifying
Concepts. Cien. Inv. Agr. 36(1): 5-26. This work is the product of a long process that tried to
approximate the principia involved in sustainable agriculture in an attempt to analyze it. We
believe that these principia are crucial for the systematic, rigorous, and consistent development
of sustainable agriculture. The unifying concepts of agriculture sustainability are classified into
seven fundamental principles: (i) there is a hierarchy in decision-making with respect to human
actions on the landscape and environment; (ii) human impact on the land should be analyzed
from different perspectives (local, global, anthropocentric, and ecocentric); (iii) the carrying
capacity in an agrarian context is crucial to ecosystem management and design; (iv) humans
arrange nature with little consideration of its own natural organization; (v) land-use planning and
design are subordinate to the order determinants that occur in a particular situation; (vi) cultural
landscape is a result of humans’ actions on the land; and, (vii) the concepts of agriculture and
rurality lack a territorial connotation, unlike farm and comarca (a region connected through
a common local market). Finally, agriculture sustainability should be addressed from various

focal points, with a focus on nature and culture as its main determinants.
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Introduction

The concept of sustainability was formally
defined at the United Nations Conference of
Stockholm in 1972 (ONU, 1972), where sustain-
able development was described as development
that satisfies the needs of the present generations
without affecting the capacity of future genera-
tions to satisfy their own needs. Since then, the
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literature written on this subject is abundant yet
repetitive and confusing.

Agriculture is one of the most relevant human
activities that affect nature. Because of its
transcendence, sustainability should be incor-
porated as one of its priority dimensions. As
a result, the need arises to define the unifying
concepts of sustainability relative to agricul-
tural activities.

The present work is a result of a search process
which intends to establish the principias to ex-
press agriculture sustainability, which is crucial
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to the systematic, accurate, and coherent devel-
opment of the subject.

In this article, the unifying concepts are classi-
fied into seven fundamental dimensions involv-
ing topics related to nature hierarchy: dimen-
sions and actions, sustaining capacity, order
and organization, cultural landscape, and ter-
ritory.

Conservation and sustainability

Conservation has been defined as the perma-
nence of a thing or phenomena, keeping it alive
without damage, loss, decay, or waste. This may
include customs and virtues. This concept in-
cludes the supervision of nature as a whole and
its diverse components such as soils, wild fau-
na, vegetal cover, rivers, forests, and prairies.
Stakeholders, land and nature managers, and
several different institutions accomplish these
functions (Anonym, 1991).

The concept of conservation became important
in the Western world when the British conserva-
tors of India arrived to the United States in 1907
and were shocked by the degradation of natu-
ral resources. They urged a conceptual change
from “the economy of natural resources” to the
coined concept of “conservation” of natural re-
sources.

The antithesis of conservation was desertifica-
tion. This latter concept was initially introduced
by Aubreville (1949) and later redefined by Kas-
sas (1970) and Dregne (1978, 1987). It reflects
the relation between the combined effect of
human activities and the environmental condi-
tions on a certain land generating a progressive
depletion of the normal environment leading
to considerable degradation due to interven-
tion and management (Glantz and Orvlovsky,
1983). All this contributed to the United Na-
tions Conference on Desertification organized
by FAO (Food and Agriculture Organization
of the United Nations), UNESCO, and WMO
(World Meteorological Organization) (ONU,
1977) where desertification was defined as the
intensification or extension of decay, especially
in marginal rainfall environments; a process

leading to the reduction of productive potential
and a subsequent biomass decrease, exploitable
land capacity, crop yield and human welfare.
The result of this process is what the Romans
called agri deserti. This occurs when land-use
processes do not consider agricultural practic-
es that allow the conservation of the worthiest
components of the ecotope and the biocenosis
(Gasto, 1993).

The next stage was the formal and systematic
incorporation of humans organized as social,
cultural, labor, and political agents, triggering
and affecting these two antagonistic processes
of conservation and desertification. At the same
time, the incorporation of technology and econ-
omy to the environment occurred as a whole.
The first conference towards the evolution from
conservation to sustainability was planned and
was formally accomplished in the United Na-
tions Conference of Stockholm in 1972 (ONU,
1972). This conference stated that the environ-
ment must not be designed only in a physical
or natural sense, but as an interaction between
natural and social systems, in addition to the
human-built environment and the sociocultural
environment. They also mentioned that the most
advanced societies are aware of the existence of
the planet’s ecological limits, and that poverty
is the fundamental cause of natural resources
decay. This was in conflict with arguments that
are fundamental to this deterioration in the rul-
ing neoliberal economic and political model.

The model of unlimited economic growth was
first questioned in a study conducted by group
of scientist lead by Professor Dennis Meadows
at the Massachusetts Institute of Technology
(Meadows et al., 1972) on growth limits rep-
resenting the physical restrictions of the planet
in relation to human population, unlimited
economic growth, production of foods, indus-
trialization, the non renewable resources, and
pollution. This was done in complement with
the study “Food Production and Energy Crisis”
(Pimentel ef al., 1973), as a response to the first
energy crisis that was taking place at the time,
and with a series of important works, such as
Mesarovic and Pestel (1975) and Barney (1982),
which were in the process of building so-called
“Sustainable Development” (Alonso and Sevil-
la, 1995). As a result, the World Commission



VOLUME 36 N°1 ENERO - ABRIL 2009 7

for the Environment and Development (The
Bruntland Commission; WCED, 1987) formally
defined sustainable development in 1987 as that
which satisfies the needs of the present genera-
tions without compromising the capacity of fu-
ture generations to satisfy their own needs. This
implies that there are population needs as well
as environmental limitations to satisfy them.
Transformation of the economy and society may
generate an increase in productivity and equal-
ity of opportunities for all (CMMD, 1987). The
United Nations Conference on Environment
and Development (ONU, 1992) strengthened
and agreed to accomplish the conclusions of the
Bruntland Commission. As they stated, “States
should cooperate to promote a supportive and
open international economic system that would
lead to economic growth and sustainable de-
velopment in all countries”. Therefore, a new
orientation in international relations is required
(Alonso and Sevilla, 1995).

In contrast to natural resource conservation,
sustainability incorporates and gives specificity
to some of the following dimensions: (a) conser-
vation of functions and ecosystemic productive
capacity; (b) conservation of economic benefits
production; (c) conservation of the water cycle;
(d) soil conservation; (e) conservation and de-
velopment of biodiversity; (f) conservation and
development of the landscape quality; (g) con-
servation and development of carbon balance;
(h) product diversification; (i) satisfaction of hu-
man needs; (j) harmonic development with local
communities; (k) fair and equitable distribution
of benefits among agents and among nations;
and finally () the rights of native peoples (Lele,
1991; Lawrence, 1997, Altieri, 1999; Altieri and
Rojas, 1999; Montalba, 2005).

Hierarchical approach in decision making

Hierarchical theory is a dialectic expression of
the General Theory of Systems (Von Bertallan-
fy, 1975) which arises, in part, as a movement
to a general science of complexity (Bohm and
Peat, 1987; Capra, 1996). It has been applied to
all organizational levels and work scales. Its ba-
sic logical operations are definition, classifica-
tion, and hierarchialization (Gorski and Tavants,

1968). The emphasis is highly focused on sys-
tems observation and its roots are in the works
by the chemist, Ilya Prigogine, the psychologist,
Jean Piaget, and the economist, Herbert Simon.
Hierarchy is a system interconnected in several
degrees of behavior, where upward relations
are asymmetric to downward relations (Allen
and Star, 1982; Haber, 1990). The higher levels
control (organize) the lower levels according to
time and space constants, presenting a lower fre-
quency of behavior (thythms with larger cycles)
and more stability. Therefore, they help define
context and determine the purpose of the low-
est levels acting as super-systems (Naveh, 2000,
2001; Wu and David, 2002; Gast6 et al. 2005).
Ferrater (1979) indicates that there are four types
of hierarchy: power, logics, ontological, and axi-
ological. System sustainability relies on these
last two hierarchies (Mesarovic et al., 1971).

The creation and evolution of systems, ecosys-
tems, and organisms is expressed as a dissipa-
tive structure of hierarchy in natural organiza-
tion (Gell-Mann, 1995; D’Angelo, 2002). The
anthropogenic actions that transform and order
the system with economic, social, or natural pur-
poses leads to states different from the previous
states where energy dissipation is expressed as a
constant. Energy is the fuel that moves the eco-
system, but the operation rate of occurrence in
the process is dependent on nutrient availability.
The ecosystem operates so as to use the neces-
sary energy available to minimize restrictions
of time and space emanating from water and nu-
trients limitations (Reichle et al., 1975). In this
transformation, the state achieved may or may
not be sustainable, which implies that there is
a stimulus (input) needed to maintain it, avoid-
ing dissipative states different from the states
intended by anthropogenic organization.

Hierarchy occurs in multiple systems (e.g.,
physical, ecological, social, economic, and po-
litical systems), thus it is necessary to have a
hierarchical theory that allows interaction in
multidimensional systems of behaviors and
complex structures. In nature, diverse pro-
cesses of organization occur simultaneously,
which are expressed in different scales of time
and space (Figure 1). In the highest hierarchical
level, there are physical processes leading to the
organization of matter in atoms. Furthermore
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there is a chemical organization of the mole-
cules of diverse compounds, which is necessar-
ily subordinate to physical laws; thus chemical
organization is expressed as a lower degree in
the hierarchy and has less degrees of freedom.
The geological process allows organization in
rocks, minerals, and their derivatives, and the
geomorphological process is subordinated to
it. Likewise, biology is constrained by all those
levels,, in addition to the intrinsic constrains by
the biology level itself. Life occurs only when
physical, chemical, geological and geomorpho-
logic conditions compose a suitable habitat for
it. Integration of the inert with the biological al-
lows a new level of organization: the ecologi-
cal, as defined by ecosystems through a syste-
mogenesis process, which is dissipative as it is
more organized (Gasto, 1980). The degrees of
freedom are lower because it is subordinated to
all superior hierarchies, in addition to the char-
acteristic ecological hierarchies (Brady, 1994;
Wy and Qi, 2000; Wu and David, 2002).

The generation of nature is also the generation
of human scenarios; our existence would be un-
likely without it. Haber (1990) relates ecosys-
tem artificialization with the types of territory
used in bioecosystems, almost-natural ecosys-
tems, semi-natural ecosystems, anthropogenic
ecosystems, and technoecosystems. Like in the
previous case, social organization is considered
a superior hierarchy, which leads to the develop-
ment of a culture that is inserted into a higher
ecological context, which allows adaptation as
well as modification. Thus, technology arises as
a product of the interaction of nature and soci-
ety, which corresponds to a new order of mat-
ter, energy, and information in other time-space
dimensions. In turn, technology allows interac-
tion with the organization of nature and the ar-
rangement of higher anthropogenic levels.

Economy regulates and restricts the transac-
tions occurring in the superior hierarchical lev-
els. Politics, along with economy, are the most
restrictive levels of hierarchy. This is where de-
cisions of the organized society are made; there-
fore, they must be subordinate to all the superior
levels. Society actions are focused on the limits
of the universal lawfulness of each of the hier-
archical levels (Figure 1). As an example, it may
be the case that the legislators of a nation decide

that the freezing point, zero degrees at sea level,
and boiling point of water, one hundred degrees,
are now twenty degrees and two hundred, re-
spectively. This would be an illicit decision as
physical laws are not subordinate to political or
economic laws.

Something similar occurs when economic,
technological, or social political decisions are
made that exceed the universal lawfulness lim-
its of ecology, as when the capacity of soil use
is exceeded, when the indiscriminate harvest of
forests or seas occurs, or the expansion of cit-
ies goes beyond the threshold that maintains the
land system in balance. Examples of this type of
transgression are not exclusive to the Western-
Christian cultural identity or to current times.
Cases of environmental collapse in Easter Is-
land (Rapa Nui; Pontig, 1992), the degradation
of the Araucania (Montalba, 2004; Montalba
and Vera, 2006), and the extinction of the Fu-
eguinos (Erlwein, 2001) are worth mentioning.
The core problem of sustainability is given by
not respecting the highest hierarchical levels,
exceeding their limits of universal lawfulness.
A good decision must be sound in each and all
of the hierarchical levels.

Dimensions and human actions

There are few topics to compete with the grow-
ing recognition of the dependence and human en-
vironmental impacts on the biosphere, which are
expressed as the key component of our time and
spirit when this current period’s history is writ-
ten (Nisbet, 1982; Rosa, 2000), all of which are
closely linked with sustainability (Turner, 1973).

Sustainability may be an analytical tool to as-
sess human impacts on the environment, which
cannot be separated from the diverse hierarchi-
cal dimensions of the phenomenon, which is:
(a) anthropocentric, which presents humans as
a central axis of the problem; (b) ecocentric,
which states that the scenario of human is the
central axis, this is, their environment; (c) local,
which locates the problem in the direct scale of
human actions; and (d) global, where the con-
nections are established in scale of the whole
ecosphere.
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Figure 1. General scheme of the diverse hierarchical levels and their degrees of freedom given by the universal lawfulness
of the phenomenon. Physics is the highest hierarchical level followed by chemistry, geology, etc. As the hierarchical level
decreases, the degrees of freedom that determines the illicit zone in decision making also decreases. Unsustainability

appears if the limits of universal legality are overcome.

Klijn and Udo de Haes (1994) proposed a hier-
archical territorial approach that allows gradual
change from local to global aspects. The planet
is presented as an ecosphere with a cluster of
hierarchialized spheres from climate to vegeta-
tion and fauna, and from the local to the glob-
al through structures and processes. Among
these, the transportation of energy and matter,
system genesis, and the existence of inferior
components and other dependent components
are included. This system of hierarchical clas-
sification goes from very small scale ecozones
to ecoelements in itemized local scales.

In Western culture, closely related to the Judeo-
Christian tradition, the origin of man is stated
as a divine creation. Nature exists to serve man,
who receives the mandate to grow and multi-
ply and dominate the land, the birds in the sky,
and the fish at the sea, with the unique restric-
tion of not using the tree of forbidden fruit. It
is currently impossible to act independently and
isolate the ecological systems of the social, as
the ecological balance allowing a plentiful life
to human is at risk (Low et al., 1999; Redman et
al., 2000; Jentoft, 2007).

The general intellectual, moral, and cultural
climate of an era (Zeitgeist) is given by the
relevance of the anthropocentric and ecocen-
tric dimensions, and the degree of influence of
global and local context in the human actions.
Therefore, the sustainability of a given system
should be approached and analyzed according
to the Zeitgeist of the times. There are also oth-
er approaches that distinguish or explain dif-
ferent eras in mankind history (Rosa, 2000):
Hegel states that each historical period has
characteristic topics; Mill introduces the utili-
tarian and empirical tradition; Comte develops
the idea that history is ruled by laws clearly
defining the different times such as the Age of
Faith, the Age of Reason, the Age of Positive
Science and currently, the Age of Environmen-
talism (where sustainability is placed); Gid-
dens and Beck include risk as a dimension of
environmentalism; and Kant states there is a
path in order to reach an age and the actions
required to be carried out.

The uncontrolled demographic growth reached
in the late 20" century, surpasses the capacity
of the planet, which affects its sustainability by
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joining both phenomena reciprocally. There-
fore, it is possible to relate the contiguous pairs
of the four fundamental hierarchical dimen-
sions with four acting axes (Figure 2). Between
the local and the anthropocentric are the stake-
holders, or civil society, directly managing the
phenomenon (Magel, 2000; Queron, 2002). Ter-
ritory governance arises between the anthropo-
centric and the global context. This scheme sets
the properties and demands of the ruled system
(natural and anthropogenic) and the provisions
that the ruling system must have (anthropogen-
ic) to give control to the territory (Jentoft, 2007).
It also states that the general functions of the
ecosystem has to be considered for such effects
as the maintenance of zones destined to control
greenhouse gases, the regulation and purifica-
tion of waters, and the conservation of culture
(Costanza et al., 1997; Jentoft, 2007). The main-
tenance and application of global international
agreements is centered on the relationship be-
tween the ecocentric axis and the globalization
of human actions (Naess, 1993a). Whatever the
nature of the human actions, they must be con-
ditioned by restrictions of ethical and aestheti-
cal nature, which are located between the local
and ecocentric axes. If these factors are not sat-
isfied, system sustainability deteriorates (Van
Mansvelt, 1997).

The relationship generated among the four di-
mensions of the phenomenon and the axis of hu-
man actions is created by two virtues: techné and
phronesis. The first is technology, which may be
a tool as a means to reach a goal, the second is
prudence (Vial, 1981). They both deteriorate as
the requirements and the rates of element ex-
traction in the ecosystem are raised and violate
universal lawfulness by going further against
the thresholds of system sustainability. In this
context, human presence constitutes an integral
part of all ecosystems; its actions are relevant in
global impact and deterioration (McDonnell and
Pickett, 1993; Vitousek et al., 1997; Lubchenco,
1998). The focal point is the center of diver-
gence from where the position of confluence of
the different hierarchical axes intervenes in the
human actions and the social agent’s decision-
making are established. Therefore, the natural
and cultural generic restrictions are integrated
into the territorial restrictions. As a result, new
illicit spaces appear, because the solution can be

contained in the inner legal space of one of the
systems, but outside of other systems.

Actions taken in the landscape affect the sus-
tainability degree of the system. Their nature
and intensity come from the theoretical-practi-
cal frame accepted by the Zeitgeist of the com-
munity, given by the localization in its four
hierarchical axes (Rosa, 2000). In the environ-
mental context, the human actions taken over
the system are always relevant in relation to its
sustainability, an idea that has been expressed
for a long time (Lawes, 1847).

Sustaining capacity

The origin of this concept dates back to the 17"
and 18" centuries (Fernandez, 1995), coming out
of debates in Europe about population growth
and food supply (Bartel et al., 1993). In that time
(1798), Malthus developed an equation relating
population growth with the number of organisms
present. In 1830, Verhulst proposed the logistic
growth equation according to the amount of avail-
able resources (Freedman, 1980). Finally, Odum
(1953) introduced the concept of the asymptote of
the logistic curve and related it to the sustaining
capacity of the ecosystem (Dhonhot, 1989). The
concept was applied to cattle herds in prairies
at the beginning of the 20" century, equivalent
to the K concept of the logistic model (K is the
population size reached when the population is
in balance relative to the logistic growth curve of
the population; Odum, 1953). In the 1930s, this
concept was applied to wild fauna.

The concept of sustainable forest production
was created at the turn of the 19" century,
equivalent to the concept of sustaining capacity
(Braklacich et al., 1991). The definition states
that a harvest must not exceed the growth of
forest volume and must ensure the stability of
the dependent population. Green (1985) intro-
duced the concept of ecological capacity, with
a consistent level of use with no decline of the
ecological attributes of the system. This is a
formal approach as it relates sustaining capac-
ity with sustainability; if it is exceeded, an un-
sustainable process develops. The concept has
also been applied to human sustaining capacity
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(Brown et al., 1987; Fernandez, 1995). In this
case, it is related directly with ecosystemic con-
servation and the complementary sustainable
dimension relative to the anthropogenic capac-
ity. Therefore, they constitute a formal link to
sustainability between the anthropogenic and
the ecocentric.

In 1977, Nieswand and Pizar (1977) introduced
and developed the concept of land use plan-
ning capacity, an aptitude measurement of a
territory’s ability to make room for growth
and development, within the limits defined by
the structure of the existing ecosystem and re-
sources. According to Goldschalk (1977), this
represents a threshold of transfer functions for
natural and artificial systems on which the im-
pacts of development may cause an environ-
mental or social degradation. Fernandez (1995)
indicates that some authors, in relation to the
debates on global sustainability and sustainable
production, consider sustaining capacity in a
wider context (Brown et al., 1987; Braklacich
et al., 1991). Thus Naredo (2004) associated the
human species with a terrestrial pathology that

becomes unsustainable. In violating the limits
established for men by nature and history, the
industrial society engendered incapacity and
suffering while attempting to eliminate inca-
pacity and suffering (Ilich, 1996).

Contributions to the concept and methodology
of estimating the sustaining capacity, derived
from cattle and fauna management, have been
very valuable and have cooperated in the global
development of the topic. Dasman (1945) de-
fines it as the number of animals in a specific
class and kept in good condition annually, in a
grazing unit, without detriment to the forage re-
serves or the soil. Later, Mott (1960) defines it
from another perspective as the amount of cat-
tle supported by the optimal grazing pressure.
Scharnecchia (1990) introduces two concepts
not considered in the previous definitions; man-
agement and specific objectives, but does not in-
clude ecosystemic sustainability. The previous
may be extended to generic sustainability, if hu-
man pressure is used instead of cattle pressure,
and prairies are replaced by the ecosphere.
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Fernandez (1995), supplies a generic connota-
tion to the concept, after making a concise re-
view based on the evolution and eligibility of
them. The sustaining capacity of the ecosystem
is defined as the intensity of use that the eco-
system may support, submitted to a certain ac-
tion, maintaining its state. Formally, Fernandez
(1995) expresses this concept as:

CS=f(.n.E,0)

where X represents the ecosystem and its char-
acteristics, m is the action that human exerts on
the ecosystem through technology (artificializa-
tion operator), E is the ecosystem state, and o,
is the set of ecosystem resources.

Organization and order

Margalef (1958) introduced the theory of infor-
mation in ecology. This theory and its methods
were used to evaluate the organization or disor-
der of a system. In this context, the information
and diversity in the components’ order may be
considered as equals, at least from a practical
point of view. Mathematically, information (I)
is described by the following equation:

I=K*InR

where K is a constant and R is the number of
choices possible and equally probable. The con-
cept of diversity in ecology has its roots in the
richness of species or general components and
depends on the system capacity to discriminate
among them, which then depends on the capac-
ity to discriminate among individuals, species,
and genotypes (Margalef, 1969). Similarly, the
concept of ecodiversity expands the notion of
diversity including components of climate,
geomorphology, site, and water, among other
parameters of a basin. In the development of
a hydrographical basin, or any ecosystem in
particular, mechanisms of organized energy
accumulation work to reach higher maturity or
development states, like in genetic systems. All
these systems are cybernetic in nature by their
capacity of self-created organization in response
to changes in the internal and external medium
(Von Bertalanffy, 1975; Maturana and Varela,

1992). The information is expressed by mecha-
nisms and information storage implies increas-
ing the mechanism’s complexity. Mechanism
efficiency increases as the organized complex-
ity increases (Margalef, 1969).

Natural drift contributes information to the sys-
tem (Maturana and Mpodozis, 2001). The best
conformed systems are able to select informa-
tion so as to retain pertinent information and re-
ject inappropriate information, increasing their
level of complexity. It may be deduced, accord-
ing to general cybernetic theory that any system
adopting diverse states remains automatically
in the most stable level according to circum-
stances. Any animal or vegetable species may
be considered to contain information, and there-
fore when it enters a system the total complexity
and information of it increases. The inorganic
elements of the system, such as soil particles or
water droplets, also contain information. Taking
the previous ideas to their limit, Wilson (1968)
proposes the order principle, where the organi-
zation reached by a system tends to extend and
prolong towards a more stable and complex sys-
tem through the natural drift. Natural drift and
selection mechanisms of order selection operate
to accumulate the amount of information until
they reach a limit.

The process of systemogenic change is ruled
by known laws and principles. It is ordered,
gradual, and directed to a more organized state
to reach a state of balance at the climax (Gasto,
1980). In mature ecological systems (the cli-
max), there is a greater complexity than in pre-
vious immature states. They present a greater
diversity of organisms and structures of all
classes, as well as a greater complexity of rela-
tions among organisms. In turn, the energy flow
that crosses mature systems tends to be slower
and the carbon persistence, whose cycle accom-
panies that flow, tends to be higher (Gonzalez,
1981). The natural organization of the system is
generally altered by human activities of system
artificialization, which necessarily implies the
application of matter inputs, energy, and infor-
mation from other ecosystems and a change of
numerous fundamental attributes.

The anthropogenic transformation from natural
ecosystems into artificial ecosystems implies
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changing from mature natural states to states of
lower complexity and maturity, simplifying and
disorganizing a natural system by means of ex-
ploitation or the disturbance of its cycles, such
as what occurs with agriculture sensu lato (any
artificial activity of nature) (Margalef, 1963;
Cooke, 1967; Odum, 1969; Gonzalez, 1981). Its
fundamental structures and processes are modi-
fied, which may be grouped into community
energy, nutrients cycle, efficiency, homeostasis,
water, vital history, and structure. The contri-
bution of external inputs to the system and an-
thropic control are fundamental to maintain the
sustainability of an anthropic arrangement of a
system complexity in a dynamic balance state.
In this context, D’Angelo (2002) points out the
contrast between the paradigm of system equi-
librium, which establishes the balance of nature
(homeostatic system: first order cybernetics),
and the paradigm of non-equilibrium systems
(autopoietic adaptive system: second order cy-
bernetics). This last system considers the ex-
istence of discontinuities and surprises in the
system environment and the fact that they work
far out of balance with a capacity to adapt and
self-organize (Costanza et al., 1991). The appli-
cation of an evolving perspective of the thermo-
dynamic system sets up a crucial point for the
development of a paradigm alternative to bal-
ance, such as the pioneering work by Prigogine
and Stengar (1984) on thermodynamics of im-
balance. The Complex Adaptive System (Gell-
Mann, 1995) is a model appropriate for the eco-
logical and social phenomena that make up the
imbalance paradigm, such as agriculture, rural-
ity, and sustainability.

A general model of the dynamics of complex
systems proposed by Holling (Costanza et al.,
1993) places an emphasis on the temporal di-
mension of the problem. This model describes
the system dynamics in four fundamental phas-
es: exploitation, maturation, liberation, and re-
organization, which are arranged in two axes.
One refers to accumulated capital and the other
to connectivity (Figure 3). This cycle reflects the
magnitude of changes in accumulated capital
such as nutrients, carbon, energy, and informa-
tion, and the connections expressed as matter
transportation, energy, and information, occur-
ring in each change of state. The external con-
nections through contribution and input extrac-

tion must be considered in this process where
system reorganization corresponds to a restora-
tion of the order, reaching a new and sustainable
balance versus a changing environment.

D’Angelo (2002) includes the development stag-
es of a system in stable periods to the model of
the complex system dynamics, from the formal
properties of the Von Bertalanffy cybernetic
systems. This model relates the degree of or-
ganization with time and development of the
synchrony and diachronic of system rhythms.
Thus, in the context of the imbalance paradigm,
the following may be stated: a) in the dynamics
of all complex system; including the property,
rural, and regional system and in a commu-
nal, regional, or world scale, periods of relative
stability in the environment conditions inter-
change with unstable periods; and b) during the
stability period, the continuity of the system de-
mands a progressive adjustment through three
consecutive stages: the total indifference of the
components, the progressive segregation in sub-
systems, and the subsystems mechanization and
centralization determining the order. During
the readjustment period, the system depends on
experience and flexibility to adequately change
to new circumstances, so as to permanently
maintain a viable state, or collapse. Thus, it is
possible to say that sustainability depends par-
tially on the adaptive flexibility of the system
and partially on its memory.

The order and sustainability of any agricultural
system, including the property, rural, and re-
gional systems, are linked with continuity in
time. Such continuity requires that the human
actions are exerted on the system in a local or
regional scale and may generate a sustainable
or unsustainable state, balanced and adjusted
to the conditions of a changing environment.
When this is modified, decision-making and hu-
man actions must express the essential flexibil-
ity to transform from an organizational mode to
another corresponding to the new environment
configuration.

As the natural landscape expressed through
climate, geoform, site, vegetation, use, culture,
and others, differs from one place to another,
the flexibility and order of a sustainable system
must be adequately symmetrical to the variabil-
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ity of its environment. This may be represented
as the Capacity of Use of the Ecosystem, which
depends on the technological vulnerability and
receptivity of the environment considered, and
its relations to change as the Adaptive Complex
System (Gastd et al., 1997). Desertification,
erosion, contamination, degradation of local
cultures, noise pollution, are only some of the
most simple examples to observe sustainability
deterioration, when it is not blocked with ade-
quate actions (Gastd, 1993). In more fragile en-
vironments, it is necessarily to include a higher
amount of inputs from other ecosystems to
maintain a sustainable state of the system, gen-
erating a greater ecological footprint, ecological
load, and transportation distance (Wackernagel
and Rees, 2001). In less fragile environments,
natural stability allows a higher degree of arti-
ficialization without sustainability deterioration
(Gasto et al., 1997).

Order determinants

The land use planning and design consists of
the organization of components, structures, and
functions in an ecological system which search-
es for a correct and harmonic relation among
them and with the system as a whole. In a topo-
logical arrangement of extraction and introduc-
tion of elements based on Landscape Ecology, a
cluster of patches mutually interconnected are
inserted onto the background matrix through
corridors so as to constitute a unit or a whole
(Forman and Godron, 1986; Forman, 1995).
Landscape ecology is a discipline that sets the
boundaries of human actions (limitations and
opportunities), the dimensions, and goals of the
social agents which occupy and use a territory
and the interaction between them.

As countries develop and grow in a magnitude
never seen before, the arrangement needs are
greater as the population growths and the growth
of demand increase, a result of higher needs and
functions to be satisfied by land resources, ac-
cording to Malthus (1798) theory. The massive
development of science, ecology, and economy
as aresult of investigation and cultural develop-
ment have influenced human actions on a terri-
tory that are against agriculture sustainability,

rurality, and urban planning, and the conditions
essential for the development of quality life.

The objectives and the human actions carried
out are not neutral; they are a product of a cul-
ture generating new landscapes for life when
acting on the natural organization, which in
turn, affects life itself. Desertification is a rel-
evant case of deteriorating human actions lead-
ing to the development of agri deserti, which
in turn negatively affects human development.
Therefore, it inserts into the generic process of
system degradation which then becomes unsus-
tainable.

In land use planning and design, where the
urban, rural, and natural aspects are integral,
there are three objectives determining econom-
ic order: economical objectives of production,
ecological objectives of nature, and social ob-
jectives of the agents (Nijkamp ef al., 1990). The
order determinant may be only one, or a weight-
ed combination of the three, which requires the
determination of a solution space to set their
best combination (D’Angelo, 2002; Figure 4).
According to the limitations and potentials of
each site in particular, the lawful solution space
changes in position (Figure 5).

The economic determinants of land use plan-
ning and design for agriculture establish their
objectives and human actions based on what
produces the greatest economic benefits. It re-
lates to decision-making which leads to a trans-
formation of the territory in an industry pro-
ducing goods and services of commercial value
(Costanza et al., 1991; Martinez-Alier and Roca,
2000). In that transformation, it is equivalent
to a factory of agricultural products, and it is
supported by principles such as the economy of
scale, which increases efficiency on developing
operations of greater magnitude and simplic-
ity. This reduces a system’s diversity to a mini-
mum, which then enters into conflict with the
other order determinants. The efficiency in the
use of manual labor is also determined, which
affects a dramatic reduction of employment and
rural life. Limitations to the use of fossil fuel
energy are not introduced to make a productive
and sustainable system. The use of pesticides or
fertilizers of any kind is not limited, unless they
are established by law. Capital must be used to
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Figure 3. General model proposed by Holling (1988) in relation to the dynamic of complex systems. The cycles represent
changes in two attributes through four stages: exploitation, maturity, liberation, and reorganization. The abscissa indicates
the degree of connectivity (organization, complexity) between the elements and subsystems of the system. The ordinate
indicates the quantity of human resources accumulated by the system.

ensure the highest rate of return, thus the short
term is favored over the long term, and the mea-
sures of nature conservation are reduced to a
minimum as they do not have any effect on eco-
nomic benefits (Subercaseaux, 2007). However,
there are some attempts to favor ecological long
term sustainability over economical short term
return (Barber, 2006).

The environmentalist determinants of order in
land use planning and design are focused on
natural conservation at the highest possible lev-
el. Harmony attributes exist among the diverse
components of the ecosystem and favor the nat-
ural rhythms related with species biology and
trophic natural chains, and the biogeochemical
cycles relative to the recirculation of natural and
artificial waste of the ecosystem. Biodiversity
develops in all dimensions and the system must
work based on solar energy. Agrochemical prod-
ucts affecting usual ecosystem activity are not
included and only innocuous organic substances
are allowed. The sounds and scents specific to
nature are valued. Natural conservation of the
system is one of the primary objectives; there-
fore the long term is an essential condition.

The social constraints of a land use planning
and design restrict the use of territory, so as to
structure it according to the social agents’ re-
quirements. Decisions are taken for the location
of human settlements in the best places for life

quality, like those where climatic and geomor-
phological conditions are ideal. Additionally,
the sanitary conditions must be adequate for
life and the resources essential for their mate-
rial supply must exist.

Low biodiversity, as it occurs in high produc-
tivity commercial agricultural systems, occurs
in highly-subsided systems by auxiliary, high-
quality energy flows, like that from fossil fuels,
and by high nutrients consumption; while high
biodiversity is associated with a low level of
external inputs, dependent on internal nutrients
recycling (Odum, 1975). The price of develop-
ing agricultural-commercial high-potential eco-
systems is an increase on the costs of land use
planning and design and systems management.
The Green Revolution is associated with this
process of productive increase (Winkelmann,
1993).

These three dimensions can’t be maximized
simultaneously, as they are mutually exclusive
to a high degree. Therefore, thresholds must be
established in each case allowing for the condi-
tioning of transfer functions, between one and
another dimension, allowing the establishment
of the ideal solution space as indicated in Fig-
ures 4 and 5. The search for a solution first re-
quires an ontological approach to the problem,
which allows for a dependence on a complete
ad hoc knowledge of the landscape where the
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land use planning and design actions of the ter-
ritory are carried out. The subsequent analysis
must include the four fundamental axiological
dimensions of land use planning and design,
namely the functional, aesthetical, ecological,
and vital dimensions. The result of this analysis
must allow for the achievement of a location of
lawful space and an optimal solution point for
determining a harmonic position of integration
and compatibility of the three dimensions of or-
der (Ohrens et al., 2007).

Cultural landscape

Cataldi, a mathematician and designer of Bolo-
gna, stated in the 16" century that humans mod-
ify nature until it is gradually transformed into
their cultural landscape. Thus, a sustainable
landscape is generated if actions are carried
out to allow the development of an environment
compatible with its quality of conservation, life,
and other attributes of interaction among them.
In contrast, the system becomes unsustainable
when the process of desertification develops
(Gasto, 1993).

The cultural landscape may be defined as what
is left after human action on the territory (De
Bolos et al., 1992; Gasto et al., 2006). Therefore
it is a product of human activity on nature, a
process conditioned by the culture of a social
agent. The human action occur in all hierarchi-
cal levels of the phenomenon (Figure 1) and
surpasses the universal lawfulness in most of
them, from the highest levels, such as the chem-
ical level causing salinization and fertility loss;
the geomorphological level causing erosion; the
biological level causing biodiversity reduction;
and the ecological-natural level, affecting the
rhythms and harmony of the agricultural and
rural ecosystem. The highest impact, however,
occurs in the inferior hierarchies, where ecolog-
ical-natural organization is altered for the gen-
eration of an ecological-anthropogenic order,
which is the cultural landscape. In the social
level, for example, if the location of human set-
tlements doesn’t consider the natural constrains
of the landscape (its ecological-natural organi-
zation: relief, water availability, natural distur-
bances) it is unlikely to be able to supply proper

urban services (e.g., water and energy supply)
and be sustainable. Also, if technology is not
subordinated to the hierarchical constrains (nat-
ural and social), the cultural landscape tends to
be degraded as it happens for example when the
roads constructed or the clear cutting of woods
cause soil erosion, and the misuse of chemical
fertilizers pollute groundwater. The economical
level, on the other hand, when giving a value to
different products and services, usually distorts
the decision making process favoring the profits
over the sustainability of the system. Politics, of
inferior hierarchy has a greater factum power,
legislates and imposes actions on superior levels
of the hierarchy, frequently exceeding the limits
of universal lawfulness. Therefore the cultural
landscape may become unsustainable.

The concept of culture can be defined as how
human communities interpret, symbolize, and
transform their environment. Interpreting their
environment as a local or global limit concept,
they make sense to their actions to achieve a
new, general, ordered configuration of the sys-
tem as a unique unit. In simpler words, culture
is a way to relate to the world. This can include
science, technology, religion, myths, art, cus-
toms, languages, beauty, and a sense of be-
longing. Likewise, the cultural landscape is an
anthropic creation. Finally, there is a cultural
component, which forges through multiple hu-
man actions such as: urbanism, industry, crops,
forestry, cattle, transportation, fishing, mining,
and others. These human actions result in the
generation of designed landscapes or residual
landscapes (Gasto et al., 2006). In this context,
the concept of nature has evolved historically in
science, from the time of Darwin, from environ-
mental determinism through mutual determina-
tion and possibilities, to the cultural landscape.
Subsequently, it has evolved to other concepts
such as abstract space, technocentric context,
ecocentric context, exploited nature, and second
nature (Vargas, 2005). Any approach is strongly
related to agriculture and sustainability.

The final rationale of the social agents, as cog-
nitive agents, is maintaining the structural cou-
pling with their domains of existence (Maturana
and Varela, 1972, 1992; Réling, 2000). In this
context, the mutual determinants maintaining
this coevolved coupling between the social agent
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Figure 4. Scheme indicating the localization, in functions, of the three different determinants of order: economical,
ecological, and social. These generate the cultural landscape that can be sustainable if the best combination among them
is established. In contrast, there is a degree of unsustainability due to the topological distance to the next optimal stage

(Gasto et al., 1997).

and its landscape, are of an emotional nature
(Plutchik, 2001). The agent experiments with
emotions in the presence of the phenomenon
they perceive, and this determines the human ac-
tions that generate the landscape, which in turns
gives feedback to their perception (Capra, 1996).
Paraphrasing Cataldi, by this mechanism the
cultural landscape reciprocally models man who
becomes an actor within a coevolving context of
mutual determinants (Vera, 2006).

Agriculture, rurality, comarca, and region

There are many ways to define agriculture.
Lawes (1847) defines it as the process of nature
artificialization that has a specific objective
such as producing food, fibers, leather, wood,
or landscape aesthetics. Therefore, it involves
a process of transformation, a social agent, and
a specific objective. In this context, agriculture
sensu lato covers numerous activities related with
the multiple use of land with production purposes
(farming, forestry, aquaculture, livestock, among
others), protection (soils, fauna, shores, land-
scapes, among others), and recreation (horseback
riding, kayaking, trekking, sport fishing, among
others). For each, society takes part in numerous

activities, generating changes in the agricultural
landscape (Meeus et al., 1990).

According to Roéling (2000), the cognitive sup-
port of collective decision-making is measured
in four components: values, theory, context, and
action (Figure 6). According to the definition
given by Lawes (1847), values must be based on
an ecological rationale based on principles, laws,
and ecosystemic structures. Therefore, any ag-
riculture style must fulfill all the attributes of
sustainability and operability. Theoretically, the
model must be constructivist; therefore it could
be generated within an epistemological frame of
collective subjectivity. Consistently, action must
be deliberate and collective according to the cul-
ture of social agents and the perception on con-
straints specific to nature. Finally, the context of
agriculture must be focused on humans as the
greatest force of nature generating the cultural
landscape in their environment, therefore the
future is a human artifact. However, the high
demographic concentration and the usual unad-
vised use of technology provides evidence that
we lack an intellectual instrument allowing us
to agree with this force (Lubchenco, 1998). If of
Lawes definition is replaced with a productivity
definition of agriculture, the four dimensions of
the cognitive support of the collective decision-
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Figure 5. Economical, environmental, and social order determinants and a scheme of relative superposition according to

geo-form and place characteristics (Gasto et al., 1997).

making are fundamentally modified. As a con-
sequence, the emerging actions are inclined to
generate situations of landscape unsustainabil-
ity. The definition of agriculture that is used is
crucial for the paradigm that governs the human
actions over the cultural landscape and its de-
gree of sustainability.

From an ontological point of view of language,
in Spanish the word agriculture has a rather
restricted meaning to indicate land tilling and
land crop tilling. In contrast, in English, there is
a substantial difference between cropping and
husbandry (while in Spanish they are analo-
gous with agriculture), and farming and ranch-
ing, since these last two concepts clearly have
a territorial connotation. In Spanish, there are
no words to express those concepts. A new verb
would have to be coined, such as “prediar” de-
rived from predio (farm) or “fincar” derived
from finca (farm). English expressions such as
“farming and the fate of wild nature” are only
justified in a context of order, management,
and territorial, farm, or regional administration
(Imhoff and Baumgartner, 2006). From the op-
erative point of view, farm (ranch, country state,
common land, community, country house, plot,
national park or any other) may be defined as
an organized territorial unit of decision making,
that consist in a renewable natural resources
space is connected internally and limited exter-
nally with the goal to make agriculture (Ruthen-
berg, 1980; Gasto et al., 1984). Artificialization
of nature contained in the farm a is result of

the application of transformation operations on
resources contained in the farm space-time, di-
versified in both dimensions and generating a
cultural landscape farm that may be sustainable
or unsustainable.

Etymologically, ‘rural’ in different early Euro-
pean languages (Amestic, Icelandic, Avwis, To-
cario, Latin, Scottish, and Welsh) means open
space. The essence of rurality is the opening of
lands that were originally forest and prairies,
where numerous social agents are inserted in
fulfillment of the most diverse functions. Agri-
culture, in turn, is a more recently coined term,
in the year 1440, when the era of specialization
and the spread of technology with productive
purposes began, but without a territorial conno-
tation. It is convenient to state that agriculture,
as rurality, is an abstract expression without a
territorial connotation; on the contrary, farm
and comarca (a region connected through a
common local market) have both, respectively,
a territorial connotation. In the farm and the co-
marca context, agriculture and rurality corre-
spond to the undertaken actions after society’s
decision-making, to achieve a certain response
or output of the system.

Agriculture is necessarily integrated with the
urban and wild aspects. Therefore, traditional
economy (emerging fundamentally from the
urban aspect) produces a feedback affecting all
dimensions, especially in the scales of human
actions, trading, and population feeding. Cur-
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rently, eating well means that quality must be
generated for the population as well as for the
land we live in. In addition, it means that the
process is sustainable, thus, local production,
with low inputs, high diversity, minimal envi-
ronmental impacts, and minimal transportation
and elaboration costs, must be fostered (Boco
et al., 20006).

Final remarks

Agriculture sustainability and rurality in the
21 century requires searching for a new para-
digm. This paradigm should be focused on the
space-time scale. This is given by farm and co-
marca, or any of the relevant scales of time and
space, from local to the global aspects, in their
respective rhythms and flows of the human ac-
tions of different social groups. The final prod-
uct should be evaluated based on a combination
of labor, cultural landscape, production, conser-
vation, and sustainability, instead of traditional
parameters focused on politics, economics, and
technology.

Agriculture sustainability and rurality are ex-
pressed in multiple types and levels given by
the dimensions of the objectives and goals es-
tablished by the anthropocentric, ecocentric, lo-
cal, and global aspects. In each case, the focus
corresponding to the specific area of intended
sustainability needs to be determined. This is
expressed in degrees of intensity and scale. The
magnitude of the sustainability degree, on the
contrary, is given by society’s actions, the gov-
ernance determinants of the local and global
agreements, and the ethical and aesthetic re-
strictions imposed to the system by society.

The land use planning and design of wild ter-
ritory is focused on three different constraints
supporting human actions: praxis, which are
those justified by themselves, such as rural-

ity; poiesis, which are those justified for other
purposes, such as the “food factories”; and by
saltus, corresponding to territories freed from
human intervention, such as wild areas.

The natural organization of ecological systems
occurs in multiple hierarchies, where each is
ruled by defined principles and laws and is ex-
pressed in different states without exceeding
the limits of universal lawfulness and sustain-
able energy costs, matter, and information. On
the contrary, the order given by humans in land
use planning and design are adjusted in each
case to the needs and functions self-imposed by
society, which may be capricious or indiscreet,
frequently exceeding the sustaining capacity
of the system. Maintenance of the new system
order imposed by society requires the applica-
tion of matter inputs, energy, and information
from other places and times. This is expressed
through the ecological footprint, ecological
load, and transportation distance (Wackernagel
and Rees, 2001). In current society, the differ-
ent orders in land use planning and design given
by men, have in common an additional energy
cost from transformations, implying a high ex-
pense of fossil energy, which is usually lower
in natural systems, medium in the rural system,
and high in urban and industrial systems. The
change of state generated by the artificializa-
tion of natural systems to anthropic systems of
agricultural and rural nature implies human ac-
tions imposed by the determinants of economic,
social, or natural order leading to a new cultural
landscape. This has an implicit additional cost
of sustainability, which varies according to the
objectives and goals established and the restric-
tions and capacities of the system’s load and
unloading (Figure 7). The background topic is
the topological distance established between the
natural organization of the system and the hu-
man order. Culture and natural constraints are a
central part of the problem, therefore land will
be as men are.



20 CIENCIA E INVESTIGACION AGRARIA

Ecological rationale

Values
A

Constructivist ~ Collective and
thinking ~ T"€°Y Action yeliberate

A\
Context
Human as the greatest force of nature
Future is a human artefact
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and management (Reichle et al., 1975).

Resumen

J.Gasto, L. Vera, L. Vieliy R. Montalba. 2009. Sustentabilidad de la Agricultura: Conceptos
unificadores. Cien. Inv. Agr. 36(1): 5-26. Este trabajo es el producto de un largo proceso para
reunir y analizar los principia involucrados en la sustentablidad de la agricultura. Consideramos
que estos principia son cruciales para el desarrollo sistematico, riguroso y consistente de la
agricultura sustentable. Los conceptos unificadores de la agricultura sustentable se clasifican en
siete principios fundamentales: (i) existe una relacion jerarquica en las tomas de decisiones con
respecto a las acciones del hombre sobre el paisaje y en ambiente; (ii) el impacto del hombre
sobre la tierra se debe analizar desde diferentes perspectivas (local, global, antropocéntrica y
ecocéntrica); (iii) la carga poblacional, en un contexto agrario, es fundamental en el disefio y
manejo del ecosistema; (iv) el hombre arregla la naturaleza con escasa consideracion de su
propia organizacion natural; (v) la planificacion y disefio del uso de la tierra estan subordinados
al orden de determinantes que ocurren en situaciones particulares; (vi) el paisajismo cultural es
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el resultado de la accion humana; y (vii) los conceptos de agricultura y ruralidad carecen de una

connotacion territorial; a diferencia de la granja y de la comarca (region conectada a través de

un mercado local comun). Finalmente, agricultura sustentable debe ser abordada desde varios

aspectos, con énfasis en la naturaleza y la cultura como factores determinantes.

Palabras clave: Agricultura, naturaleza, paisajismo cultural, sustentabilidad, territorio.
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