LANDSCAPE
AGROECOLOGY

Paul A. Wojtkowski



Paul A. Wojtkowski

Landscape Agroecology

Pre-publication
REVIEW

4“ Agroecology studies the interac-

tions among natural processes in
artificial systems designed to meet hu-
man goals. Landscape Agroecology builds
on that knowledge to consider the spatial
and temporal organization of agro-
ecosystems. Unlike the more industrial
agriculture where single means serve
separate goals in systems made as homo-
geneous as possible, releigating the inter-
actions to ‘side effects,” landscape agro-
ecology pursues multiple goals with
multiple means. These goals include effi-
cient food production, economic viabil-
ity, protection of potable water and wild-
lite, sustainable recycling of nutrients,
and social sustainability of rural com-
munity. For example, a strip of trees may
serve as primary producers, windbreaks,
regulators of moisture, accumulators of
nutrients, refuges for predators of pests,
corridors for wildlife migration, and
sources of shade for farm workers, al-
though moisture can be regulated also by
plants that promote accumulation of or-
ganic matter in the soil, trenches, pits,
ponds, and tall windbreaks. This makes
decision making a comlglex, even over-
whelming process. Wojtkowski examines

a broad range of options for each goal
and suggests criteria for preferring one
over another. Thus, Landscape Agro-
ecology is a guide to the design of land
use on scales from single plots to farms
to large regions and is therefore use-
ful for farmers, farmers’ cooperatives,
development planners, and ministries
of agriculture. Since the landscape af-
fects water quality, microclimate, pop-
ulations of vectors of human disease,
and biodiversity, the book would pro-
vide good background for health plan-
ners, architects, economists, and con-
servationists. The book can even be
used by archeologists: knowing how
landscape features affect productivity
and human welfare, students of an-
cient landscapes may make infer-
ences about the productivity of their
agriculture, the knowledge implicit in
their land use, and even their cli-
mate.”

Richard Levins, PhD
John Rock Professor of Population Science,
Harvard School of Public Health
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Then We cause to grow thereby gardens of palm trees and
grapes for you; you have in them many fruits and from them
do you eat;

The Koran, The Believers 23.19

... and He causeth to sprout from the ground every tree
desirable for appearance, and good for food, . . .

The Bible, Genesis 2:9
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Preface

Agroecological landscapes are those that have productive pur-
poses. They can involve agriculture and/or forestry, and be intensely
managed or lightly touched, but still human-influenced, natural eco-
systems (e.g., a logged forest). The effects of a well-managed, envi-
ronmentally friendly landscape extend outside an immediate area.
Degraded terrestrial ecosystems can, through negative association,
directly affect nearby, or not so nearby, ocean ecosystems.

A fully agroecological landscape would be more in harmony with,
and would often use, natural processes. A more agreeable end goal is
a landscape formulated using ecological dynamics to back a produc-
tive role and as a by-product maintaining, through decorous use, re-
spect for the land, the natural processes, the vegetation, and the living
creatures therein.

Ecology versus Agroecology

Implicit in this text is the idea that agricultural ecology, rather than
natural ecology, is a more suitable vehicle to explain and advance hu-
man-influenced landscapes. Both natural and agricultural ecology
are branches of ecology and share a host of commonalities. However,
these two disciplines view natural processes from different perspec-
tives, have divergent end goals, and proceed along some distinct lines
in regard to the theories, principles, and practices espoused.

Part of this lies in the desired harvests, yield levels, and economic
objectives that, in untouched, nonimpacted, and nonmanaged ecosys-
tems are entirely lacking. Furthermore, a whole string of landscape
structures (fields, orchards, hedgerows, dwellings, barns, roads, along
with ownership patterns) promote the productive use of the rural
countryside. These also are not part of natural ecology.

Other human needs and values also incline a landscape to one form
or another. This, coupled with an academically evolving set of agro-
ecological principles, is what underlies the agroecological landscape.
Outside the bounds of agroecology, but within the sphere of natural

Xl
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ecology, is the study and monitoring (as opposed to the purposeful
management) of natural ecosystems.

Basic Agroecology

Plant-on-plant ecology lies at the core of any discussion on agro-
ecology. The ramifications of the plant-plant interface are the focus
of other texts and are only touched upon here. The plant-plant inter-
face can be a starting point that ultimately ends at regional (and land-
scape) agroecology.

Although plant-on-plant and plot agroecology are important and
cannot be separated from the whole, development in this text centers
more on the one-plot, one-agroecosystem land-use model. The discus-
sion expands along a number of paths—spatial, temporal, and socio-
economic—eventually discarding the one-plot one-agroecosystem
model in favor of other, often more culturally influenced, alterna-
tives.

It is hoped that the material covered approaches and is representa-
tive of a culturally and climatically diverse world. Travel and study in
all regions is not possible, and a scattered and fragmented literature
base does not guarantee that the full scope of agroecological achieve-
ment is included.

Biocomplexity

As biocomplexity grows, so does the number of possibilities. An
interesting parallel in mathematics illustrates this point. The multipli-
cation of two numbers does not offer much methodological variation.
In linear algebra, there are a number of techniques to multiply num-
ber arrays, each being useful, each expanding the horizons of both
theoretical and applied mathematics.

In agroecology, the simplest unit is a single crop growing on a sin-
gle sequestered plot. As biocomplexity grows, so do the options and
applications. Although sorting through the array of options can be
perplexing, among the multitude are many that exceed in value (in
terms of both output and environmental advantage) those gains that
accrue from a landscape composed of simple, unrelated, and non-
interacting monocultures.

This book attempts to simplify what can be a very complex topic,
not by restricting what is covered, but by providing routes through
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this intricacy. In this way, it is hoped that the challenge posed by the
complexity will be less daunting, and meaningful solutions can be
reached.

As with the choices gained through the mathematics of arrays,
many approaches and concepts underlie agroecology. In an agro-
ecosystem-based approach, these include complementarity, desirable
plant characteristics, competitive production, facilitation, etc. Each
provides a level of insight and a path into the complexity of multi-
species, multiagroecosystem agriculture and forestry.

Similarly, landscape agroecology offers some singular viewpoints,
a host of concepts and theories, along with an approach that is com-
plementary with agroecosystem ecology. If any drawback exists, it is
that some of the ideas and concepts must be dismantled and rebuilt in
a somewhat different, but not alien, form.

Cultural Agroecology

There is much to be learned about how human cultures interact
with the land. Given the amount of variation and the potential ecolog-
ical gains from many unique and unexamined land-use practices, this
affords a rich avenue of study. The gains are realized by understand-
ing the underlying agroecological dynamics, the cultural and socio-
economic motives, and the site conditions that bring unique practices
to the fore.

This text fosters the idea that, within different societies and cul-
tures, ancient or modern, developed or subsistence, superior land-use
techniques have evolved. Study is best accomplished by offering a
framework by which knowledgeable observers can differentiate the
unique from the mundane.

Basic Outline
This text is divided into 14 chapters, with the following topics:

Introduction

Basic agroecological concepts
Understanding the agrotechnologies
Principal-mode agrotechnologies
Temporal and auxiliary agrotechnologies

S WD =
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6. Water management
7. Wind, frost, and fire management
8. Integrated pest management
9. Physical and temporal patterns
10. Landscape socioeconomics
11. Biodiversity
12. Other landscape influences
13. Cultural motifs
14. Conclusion

At the end of Chapters 6, 8, and 10 are some brief case studies. Al-
though these highlight particular topics, they also show that each
topic is only one part of a broader picture and part of the cross-effects
inherent in an agroecological landscape.

Opinions Expressed

The concepts behind an agroecologically designed landscape are,
in academic terms, comparatively new. From scattered studies and
everyday observation, it is possible to paint a series of pictures of eco-
logical and human diversity within various landscape layouts.

Some of the topics, e.g., modeling, landscape design approaches,
and cultural motifs, may seem abstract and less relevant. One must
keep in mind that these are part of the decision process. Despite not
being explicit in current literature, they help explain disparities in
viewpoint and land-use practice.

As with many disciplines, the topics are not linear progressions
and do not easily fit such a form (i.e., from Chapters 1 to 14). Land-
scape agroecology is a series of overlapping topics where the presen-
tational ordering constitutes yet another view.

As with any new discipline, the views and approaches are a work
in progress. The material presented here should be looked at in the
light of provoking debate and fostering thought, with the purpose of
providing a greater understanding and appreciation of the rural coun-
tryside. An idyllic society is well outside the province of agroecology,
but a Garden of Eden is more realizable than many may think.



Chapter 1

Introduction

Landscape agroecology, the ecology of a productive countryside,
is a branch of general agroecology. It is also an offshoot of agricul-
ture, forestry, agroforestry, and natural ecology, where the focus is
not on individual (agro)ecosystems (agroecosystems and on-farm
natural ecosystems), but on (1) the interaction between human-
derived, -managed, and/or -influenced ecosystems or (2) the interac-
tion between those that yield useful output and neighboring natural
and nonproducing ecosystems.

The goals of agroecology are primarily productive, but, with the
ecological underpinnings, the emphasis and resulting methodologies
do differ from more mainstream approaches to agriculture and for-
estry. In a moderate form, an agroecologically influenced landscape
is an environmentally friendly, productive expanse where the land-
use patterns assert and reinforce the socioeconomic and cultural
goals of the inhabitants.

A stronger statement of purpose, one that rests firmly upon ecolog-
ical underpinnings, is that landscape agroecology is designed to use
ecological dynamics to promote or achieve productive purposes and
the betterment of the human experience. Part of this is developing a
landscape that allows natural flora and fauna to thrive in minimal
competition with the productive role of the land.

The productive outputs are those associated with traditional agron-
omy and forestry. Normally, these are obtained with planned and
managed agroecosystems. Outputs can also be obtained through the
sustained exploitation of naturally occurring flora and fauna.

The human experience can be harder to grade. The wide-ranging
benefits include economic returns, quality-of-life gains (clean pota-
ble water, beautiful scenery, etc.), or hunting and gathering in un-

1
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tamed natural ecosystems. In short, landscape agroecology covers all
forms of human consumption obtained from terrestrial ecosystems
and, by default, includes many land-enclosed and/or land-affected
aquatic systems.

LAND-USE PATTERNS

The figures in Table 1.1, compiled by region and for selected coun-
tries, give some insight into the land area managed for human pur-
poses, what is available, and what is left untouched.

Through Table 1.1, it is clear that areas under permanent cultiva-
tion may be less than travel and simple observation suggest. This may
be because cultivated land is highly visible, often located along roads
and other transportation links. More telling is that populous coun-
tries, such as India and China, have comparatively small percentages
of their arable land in permanent cultivation. This and other country
data imply that land area exists to expand cultivation. This varies by
country and, in some cases, may require the use of more marginal
land.

Human Impact

Having underutilized land does not mean that human impact is
limited. The data (Table 1.1) most likely understates the effect of hu-
mans on natural terrestrial ecosystems, protected areas included.
Most human activity is concentrated in higher-fertility zones, impact-
ing some ecosystems more than others. Also, a fair percentage of
noncropped arable and protected areas experience human encroach-
ment, through timber harvests, hunting, gathering, and/or grazing.

There is a consensus that the growing population of the earth is
putting stress on all terrestrial ecosystems and, directly or indirectly,
through poor land practices in coastal regions, on far-ranging non-
terrestrial resources such as ocean fish (e.g., Kiihlmann, 1988). This
may be through urban expansion, poor land management, pollution,
climate change, or other long-term, less observable means.



TABLE 1.1. The total land area, arable land, land under permanent cultivation, and protected areas for regions and selected

countries
Continent/country  Total land Arable land (%) Permanent crops (%) Protected area (%)
Africa 2,966,876 174,907  (6) 24,431 1) 154,073 (5)
Egypt 99,544 2,834  (3) 466 (<1) 7,864 (8)
South Africa 122,104 153,360 (12) 940 (<1) 7,143 5)
Kenya 56,914 4,000 (7) 520 (1) 3,420 (6)
North America 2,134,950 237,374  (11) 7,885 (<1) 183,684 (8)
United States 915,912 176,950 (19) 2,050 (<1) 101,849 (11)
Mexico 190,869 2520 (1) 2,100 (1) 248  (<1)
Costa Rica 5,106 225 (4 280 (5) 640  (12)
South America 1,751,708 96,004 (5) 20,597 (1) 1,059 (6)
Argentina 273,669 25,000  (9) 2200  (<1) 4,296 (1)
Brazil 845,651 53,300 (6) 12,000 (1) 31,965 (4)
Chile 74,880 1,982  (3) 315 (<1) 13,673  (18)
Asia 3,088,370 498,849  (16) 58,503 @) 137,641 (4)
India 297,319 161,950 (54) 7,900 (3) 13,468 (5)
China 932,641 124,145 (13) 11,220 (1) 56,424 (6)
Japan 37,652 3,915  (10) 380 (1) 2,808 7)
Indonesia 181,157 17,941 (10) 13,046 (7) 17,517 (10)
Europe 2,236,976 293,335 (13) 18249  (<1) 119,074 (5)
United Kingdom 24,160 6,380 (26) 45 (<) 5059  (20)
Germany 34,927 11,832 (33) 228  (<1) 9,000  (25)
France 55,010 18,305  (33) 1,163 @) 5666  (10)
Oceania 846,769 54739  (6) 2669  (<1) 99,885  (11)
Australia 768,230 52,875  (7) 225  (<1) 93570  (12)
New Zealand 26,799 1,555 (6) 1,725 (6) 6,214 (23)
Papua New Guinea 45,286 60 (<1) 610 (1) 81 (<1)

Source: UN, 2000, p. 641.
<«  Note: Area in thousands of hectares; percentage of total land area.
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In a few situations, conservation and agroecology are less or not
applicable, such as (modified from Kumar, 1999)

1. where new lands are available for exploitation and utilized and
spent areas can be abandoned for regeneration,

2. where new resources replace the old (e.g., where annual flood-
ing replaces lost nutrients), or

3. where cooperative behavior is lacking (lawlessness or un-
managed common property) and no person benefits from con-
servation efforts (as with unregulated common lands).

With high population levels and the need to draw upon a range of re-
sources, there is currently little occasion to ignore sustainability con-
cerns. The exceptions are few and do not apply beyond some scat-
tered local, temporary, or narrowly interpreted situations.

The forces that cause food and environmental problems are more
complex than increased population densities. Some blame may be at-
tributed to regional climatic fluctuations. An example is a change in
local rainfall patterns brought about by agricultural expansion and
the loss of natural land cover.

Market forces and the need for cash crops can compel change and
outstrip the ability of local communities to respond using their knowl-
edge of conservation practices (Henrich, 1997). This situation can occur
when local land use systems and their biodiversity are sacrificed for a
narrow range of productive outputs. In a worst-case scenario, social
structures may loose coherency under resource pressure, precipitat-
ing or further aggravating a bad situation.

Except for social tumult, there are few circumstances where,
through the application of agroecological principles, a worsening
land use situation cannot be reversed. This is not always through
more inputs (labor, chemical fertilizers, herbicides, etc.), but can
occur through the more sophisticated use of local resources, more ac-
commodating agroecosystems, and a better agroecological land-
scape.

Agroecological Need
In the terrestrial sphere, sufficient land area is available to feed the

earth’s population with some margin to spare. There is also ample op-
portunity to accommodate increased production, to reduce risk, and
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to do so with an eye toward preserving natural ecosystems and their
flora and fauna.

Production can be population dependent in a positive direction,
where productivity can and does improve with population growth
(Pearce, 2001). Mingkui Cao et al. (1995) projected that, barring un-
expected occurrences, the agricultural resources of a populous coun-
try, such as China, can support 51 percent more inhabitants. These
gains, both productive and environmental, require some precondi-
tions:

1. Land-users with a long-term outlook and the land control to re-
alize it

2. An ability to change agricultural or forestry practices in re-
sponse to environmental need (including the new knowledge re-
quired)

3. Respect for nature that can resist some economic pressure

4. A strong and stable social order

In regions where these conditions exist, such as North America
and Europe, food and fiber productivity has generally surpassed pop-
ulation growth. The technological change that predicated these gains
offers a further opportunity to introduce cropping systems that are
highly productive, low input, and environmentally friendly. The land
freed by concentrating production in a smaller area also offers possi-
bilities for beneficial land use change that further accentuates the
positive gains across the larger landscape.

In some regions, the effect may not be strong, but the results are
equally viable. For example, in Kenya, tree planting by farmers ex-
ceeds population growth (Holmgren et al., 1994). The loss of produc-
tive capacity through overuse or mismanagement encourages (or
forces) people to adopt new, more conservation-oriented practices.
The same has been noted in the west African Sahel (Glausiusz,
2003). Again, positive shifts at a plot level, coupled with understand-
ing of local ecology and change, can further drive overall land use
practice in a positive direction.

History supports the premise that through the application of appro-
priate practices, marginal lands or unorthodox agricultural and/or for-
estry settings can be high yielding. During Roman times, parts of arid
North Africa yielded much more wheat than is currently possible.
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This was due to impressive irrigation systems that provide little water
today (Hughes, 1994, p. 142) and local areawide conservation mea-
sures that have fallen into disuse (e.g., Nevo, 1991). In other regions,
farmers still use ancient practices that are appropriate, capable of be-
ing updated, and that can be brought within mainstream agroeco-
logical thought. Current agroecological texts (e.g., Gliessman, 1998;
Wojtkowski, 2002) contain numerous examples of local practices
with wider potential.

Through increased per area productivity, options open for conser-
vation efforts over wide areas, which offer a general improvement in
productivity, sustainability, and quality-of-life factors. By providing
the necessities as well as quality-of-life benefits, locals have more
opportunity to acquire or increase their respect for nature. With this
can come the capacity for further gains in the productive and ecologi-
cal value of the land.

THE FIELD OF LANDSCAPE AGROECOLOGY

As a field of study, landscape agroecology begins with plots and
agroecosystems and expands through the principles and practices of
plant-on-plant agroecology. The goals of these two versions of agro-
ecology are the same, a productive and environmentally sound coun-
tryside. Through the two versions, more options can be directed and
coordinated toward the same tasks and end goals.

In some aspects, landscape agroecology is akin to a free-form jig-
saw puzzle where the color of the pieces (land units) corresponds to
different land uses. The user is free to derive the best panorama using
some or all of the pieces provided. These pieces are the existing plots
or agroecosystems with the option to use introduced systems or vege-
tative additions to promote various ecological effects.

Beyond and within the physical landscape, there are many compet-
ing influences and underlying concepts. The best results come from
informed decisions that take into consideration as many options as
possible. To achieve this, this book examines competing ecological,
agroecological, socioeconomic, and cultural influences. These form
a basis for informed decisions that span and incorporate the views
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and aspirations of those involved. This chapter begins the process by
looking at some of the fundamental units of the physical landscape.

Ecosystems

An agroecological landscape is composed of various ecosystem
types: those which are fully planned and managed, those with a large
natural component, and those whose dynamics are dictated entirely
by natural forces. A landscape can be all of one type or, more likely, a
mix of (agro)ecosystems. How the individual systems are subdi-
vided, used, and placed is a focus of landscape agroecology.

Planned Agroecosystems

Planned systems are based entirely on the interactions between liv-
ing components purposely put on a given land area. Although all
components are planned, these resulting interactions must be at least
partially intentional. The added flora or fauna exist because of plan-
ning and management, and their presence contributes to achieving set
land use objectives.

The area can be as small as a single plant (e.g., a large, prominent
tree) or include the vegetation covering a large tract. The only stipula-
tion is that an agroecosystem exert enough influence, whether agro-
nomic, economic, or ecological, to be a measurable force in the larger
landscape and a significant influence in achieving one or more land
use goals.

Occurring Agroecosystems

In planned ecosystems, unplanned encroachments often occur. Un-
planned incursions can include weeds, herbivore insects, unintended
fauna, etc. These often exert a negative influence with regard to sys-
tem objectives, although positive interactions can occur.

The occurring agroecosystem is the result of continuing natural
forces that attempt to convert a planned ecosystem to a natural eco-
system. Weeds are the most common example, although a bird popu-
lation, if provided with food sources and nesting sites, can be an un-
planned and possibly unwelcome intrusion.
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Many forestry plantations and orchards, although designed as sin-
gle-species systems, contain considerable unplanned biodiversity.
Most of these incursions are relatively benign, but if the single or
combined results become adverse, management input can restore the
status quo.

Natural Ecosystems

Natural ecosystems are those interactions that are outside the con-
text of any land management scheme. In essence, this is what nature
does with an area when human management does not exist. Such ar-
eas lack planning and management, but are part of agroecology on
three fronts:

1. Where hunting, gathering, and/or tourism is an economic activ-
ity not requiring any ecosystem change

2. Where they are part of overall landscape (agro)ecosystems (as
with forest borders or fragments)

3. Where they serve to guide an emulation or mimicry approach to
agroecology development

In the first case, natural ecosystems are a large component of a
landscape. Land users obtain economic benefits by utilizing these re-
sources. Logging in natural forests is a common example.

Natural ecosystems are an entity within a landscape that should,
with proper management, never be a negative influence. As such, the
size and placement of these systems is a useful tool in achieving
wider agroecological objectives. Their borders, with the spillover of
ecological dynamics, can be harnessed to provide good.

The natural ecosystem is the result of many influences (soil type,
climate, disturbance, etc.) and subdivides into vegetative groupings
in response to these influences. This is of interest in agroecology, as
the natural ecosystem, both in the mature and/or immature phases,
provides insight into the types of plants and agroecosystems best
suited to a site. This is the idea behind agroecological mimicry, in
which biorich agroecosystems duplicate the dynamics of natural eco-
systems.
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CONCEPTS OF LAND USE
Land-User Units

In addition to classifiable groupings of vegetation and observable
natural features, human prejudices subdivide large tracts of land.
These divisions can follow natural influences or features or serve
only the perceived needs of land users. The types of subdivisions in-
clude holdings and economic areas.

Holdings

A holding is a land area where a person, family, or small group has
obtained legal, traditional, or other use rights. In the absence of for-
mal documents, this can constitute a claim or land privilege that is
recognized by a local population. Ownership, even in its strongest
form, may involve certain infringements whereby some land use pre-
rogatives are taken away or reduced. Zoning or mineral rights are ex-
amples, where the full scope of land use activities by the owner are
restricted.

The holdings of most interest in landscape agroecology are com-
monly called farms or plantations, the latter being used in forestry
(destined for harvest and conversion to some wood product) or with
tree crops (orchards and other perennial plantings with a nonwood
output as the primary goal). The farm or plantation can be the distinct
unit within the larger regional landscape and, as a productive entity,
may transgress other smaller contained units (as with sharecrop divi-
sions).

Having said this, rare situations exist where farm or plantation
rights may be superior to legal boundaries. Informal grazing or other
traditional rights and practices can often cross legal and, at times,
even stronger national boundaries (e.g., Meir and Tsoar, 1996).

Economic Area

The economic area is the amount of land area subject to measur-
able economic activity by a single economic entity (person, family,
corporation, or other definable group). Measurable economic activity
involves the production of goods and services within the subscribed
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holding. A holding can be divided into an unused and unimpeded nat-
ural area and a farm sector. The farm sector is the economic area.

An economic area can extend outside of a legal area (holding)
where, e.g., land on a neighboring farm is rented. Community agri-
culture or forestry may have an economic area where crops or trees
raised across legal boundaries, can encompass a wide area and have
shared rights and productive responsibilities.

At the lower end of the economic spectrum, and often outside the
legal boundaries, is subsistence hunting and gathering in a minimally
disturbed natural ecosystem. If this occurs outside a holding, the eco-
nomic area is larger than the holding.

For example, Robinson Crusoe, alone on an island, was an eco-
nomic entity, the used part of the island was the economic area or
unit, and, in the absence of other exercised legal or traditional rights,
the island was also a holding. His economic activity was hunting and
gathering.

Other examples of economic entities are an extended family where
relationships link farms, or a company, corporation, trust, or coopera-
tive. There is no reason why economic activity cannot be shared
among different entities. Subsistence gathers can have overlapping
economic areas, often enshrined with complex and informal land
rights.

Agroecological Units

A rural landscape can be divided into observable and definable
subunits. These come in different forms and subdivide the landscape
into smaller areas based on agroecosystem age, locational conve-
nience, economic need, management, or land use compatibility. This
is fairly abstract and includes two types of productive units, plots and
agroecosystems, which can be one and the same or quite different.
The plot and agroecosystem differ in that one (the plot) is basically
management oriented and the second (the agroecosystem) has groups
of plants in ecological agreement for a specific purpose.

Other agroecological units either span or are subsets of other units
(e.g., a composition unit). They have various functions within the
landscape. The differences are subtle and can defy observation and
simple definition.
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Productive Units

The plot containing a single agroecosystem (the one-plot one-eco-
system model) is often the most prominent feature in many, but not
all, rural landscapes. Some cultures have proceeded in other direc-
tions, spurning clearly defined agroecological units, either plots or
agroecosystems, in favor of a more free-form approach.

Although agroecosystems do not often transcend clearly defined
plots, this does not hold true for more loosely demarcated plots. A
plot can contain a series of agroecosystems bound by a common pur-
pose. A legal entity may not be divided into plots, but may contain in-
terlocked and overlapping ecosystems.

Transcending these is the capability to arrange plots and/or agro-
ecosystems within a landscape to achieve both narrow and broader
objectives. This section describes these units. More detailed explana-
tions follow in subsequent chapters.

Plots. Plots are land areas often clearly demarcated by boundaries
either introduced (e.g., fences and hedges) or natural (e.g., streams,
steep hillsides, etc.). These often separate plants grouped by species,
age, economic need, type of management, or some other criteria. A
plot can be composed of a single agroecosystem or a collection of
agroecosystems that serve a common objective within the limits of
the demarcated area.

The plot can be more of a management convenience than a pure
productive unit. In this case, the plot serves as land use guide and as a
convenient partition within a larger farm or forestry entity. Normally,
plots enclose one or more agroecosystems (as shown in Photo 1.1).

Agroecosystems. The agroecosystem is the central agroecological
unit within any landscape and, although agroecosystems need not
contribute directly to landscape productivity, this is also the main
productive unit. These can be contained within or extend beyond
marked plots and can be composed of a single species, mixed species,
or integrated subunits.

What defines the agroecosystem is the design role and planned
resource complementarity between the component plants and/or spe-
cies. All subunits in an agroecosystem are dedicated to achieving one
set of objectives (e.g., production, erosion control, etc.). A require-
ment is a high degree of planned plant-plant complementarity (as
detailed in Chapter 2), such that the objectives are reinforced.
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PHOTO 1.1. This single plot encloses two distinct, but functionally overlapping
agroecosystems. Within the pasture is a forestry (pine) plantation with grazing
as a secondary purpose.

Monocultures are agroecosystems because these species share a
common purpose and site resources (i.e., based on the spatial alloca-
tion of resources between niche similar plants). Intercrops and multi-
species plantations have more complex resource strategies that can
involve the capture, allocation, and/or flow of resources between
component species. With polycultures, resource intent is a key factor
in designating unlike plants as part of a single agroecosystem.

Management/Composition Units. Agroecosystems and/or plots can
be subdivided by the type, age, and/or management of the vegetation,
or by site characteristics. The difference can be apparent but, in some
situations, determination may require more than visual observation.
For example, forest gardens are often subdivided by the vegetation
mix and output focus of each subsection (e.g., Gamero et al., 1996).

In more unusual cases, a farm or tree plantation can be in essence a
single plot and one agroecosystem with different composition units
(e.g., age). For example, in Bahia, Brazil, there are cocoa farms larger
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than 200 ha that are subdivided into age groups. When the rotations
are very long (greater than 100 years), these in essence become a sin-
gle subdivided agroecosystem. These subunits, although difficult to
distinguish, may still exist and form the basis for management deci-
sions. This can also occur with large tree plantations (as shown in
Photo 1.2), with large tree crop holdings (e.g., rubber tree, coconut,
or oil palm plantations), or in large orchards.

Specific Interaction Zones

Specific agroecological interactions are those that overlap ecosys-
tems, involve flora and/or fauna, and consist of unique ecological in-
teractions between plots, agroecosystems, and/or larger landscape
units. An example of such interactions may be between hedgerow
and crop area. Predator-prey relationships may originate in the hedge
and overlap partially into the crop plot. This is one interaction area. A
second may involve windbreak effects. Again, this begins at the

PHOTO 1.2. A mixed grazing-pine plantation in New Zealand. This system cov-
ers most of the holding and can be subdivided into managed plots based upon
management convenience (e.g., the pruning evident in the photo).
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hedge and extends into the crop plot, where the second ecological
effect within this zone may not coincide in area and influence with
the first.

A specific interaction zone (SIZ) has three components: magni-
tude, size, and duration. Magnitude is a measure of how strong the
effect is and how effectively it accomplishes the economic and/or en-
vironmental task. Size refers to how much land area is covered or af-
fected. Duration is the temporal component. Some effects are perma-
nent, others temporary.

Macroecological Area

The largest of the agroecological areas, macroecological area, is
extraterritorial, i.e., outside the control of individuals or groups of
land users. There are a number of cases where a macroecological area
has influence over smaller farm or forestry units. For example, defor-
estation can alter the climate and/or reduce rainfall over a wide area.
Yoon (2001) reports reductions in moisture in the cloud forests of
Costa Rica due to unadvised agricultural activity. Major insect out-
breaks can also extend over a wide area.

Other macroecological areas are smaller. For example, the water
dynamics in a large watershed constitute a macroecological influ-
ence; on a hillside, they have a smaller macroecological domain; and
for a specific agroecosystem or specific flora and/or fauna, the area is
reduced to an SIZ.

PERSPECTIVES ON AGROECOLOGY

How agroecology is viewed can be all-important. Most of the re-
search has looked at various productive units. This text takes the per-
spective of the larger landscape, based on the use and placement of
the smaller components. Given the complexity of the topic, this does
not exhaust the list of approaches; other perspectives exist.

Plant-Plant Agroecology
Ecology is the study of organisms and their environment. The

smallest unit is a single plant. Since agroecology involves productiv-
ity in planned and managed ecosystems, the smallest practical study
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unit involves the interaction of two plants grown in close proximity.
These can be niche identical (as with clones) or niche dissimilar (as
with different species).

Complex Biodiversity

It is equally viable that agroecology and/or a landscape can be
based on species-rich, complex ecosystems and the natural dynamics
inherent in these systems. These are landscapes that transcend plant-
plant dynamics and instead are formed around dynamics of complex
ecosystems. This encompasses the concept of mimicry where agri-
culture or forestry seeks to replace what nature does with a landscape.
Instead of realizing a natural ecosystem, these dynamics, through
species and their placement, are directed toward productive purposes.

Economic Gains

Not to be overlooked are the economic requirements of agro-
ecology. Farming and forestry want to achieve maximum output with
minimal input, and this can force land users down certain roads. If
agroecology can offer the same or a better mix of inputs and outputs,
this can overcome much of the reluctance to adopt a more agro-
ecological, environmentally sensitive approach, knowledge of the
options permitting. When agroecology is less economically attrac-
tive, this potential must be developed or other directions pursued.

Cultural Parameters

In an agroecological landscape, the basic unit is often the agro-
ecosystem. Landscape agroecology looks at the interrelationship of
these basic units and how to design to achieve the best possible out-
come. The view taken stems from training and experience and is tem-
pered with a dose of culture. Holdings show many cultural manifesta-
tions, e.g., cattle and pigs have a religious taboo in some parts of the
world. In other areas, these are an important element in the diet and
land use practices provide for them.

Cultural influences are part of wider human-nature tenets. These
are advanced in ensuing chapters. Cultural influence is the idea that
there are some underlying thoughts, views, or perceptions that ulti-
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mately govern the landscape design process. They translate, through
motifs, into an active landscape. The landscape motif is the pattern or
theme that allows groups and/or individuals to work within their
knowledge base without being overwhelmed by options or alterna-
tives.

Landscape Motif

Motif many be the most abstract of the landscape concepts, be-
cause the human-nature interface (how people view and utilize natu-
ral and modified ecosystems), in its applied form, may be manifested
only through land use practices.

Within a region, landscapes are similar because land users share
these characteristics:

1. Similar site and climatic situations

2. Common socioeconomic circumstances (including land hold-
ing size)

3. Climatically focused dietary needs (staple crops)

4. The same degree of risk

5. A similar background with land use issues

The point is that different cultures and peoples do not subscribe to
the same views on agroecology, and model the landscape on their
needs and perceptions. Understanding this aids in studying diverse
agroecosystems and in extracting the full value from any landscape.



Chapter 2

Underlying Agroecological Concepts

The placement and use of plants and ecosystems is a key element
in landscape agroecology. To fully understand the inherent dynamics
requires understanding a series of underlying concepts. A large share
of landscape dynamics starts with the individual plants, and some of
the ideas that underlie individual productive units, either the plant or
ecosystem, have application on a larger scale. Other concepts tran-
scend individual productive units and are a force only in the overall
landscape.

ESSENTIAL RESOURCE MANAGEMENT

One aspect in any agroecological landscape is the need to manage
essential resources, including light, water, CO,, the primary nutrients
(N, P, and K), and a host of trace elements that aid in plant growth (S,
Ca, Fe, etc.). Some resources are controlled through internal ecosys-
tem dynamics, while others, mainly through facilitative effects, can
cross ecosystem lines.

Light and Water

As essential resources, light and water are transitory, not lasting
long within an ecosystem and requiring continual resupply. Although
there are only a few cases where light is an interplot effect, there are
means to ensure the efficient use of water. A landscape can be used to
supply water, as a means to conserve moisture as a scarce resource, to
manage when in oversupply, and to control unwanted side effects.
This subject is addressed further in Chapter 6.

17
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Nutrients

There are three options for capturing and cycling nutrients within
agroecosystems: (1) simultaneous capture and use, e.g., perennial
systems; (2) sequential capture and use, e.g., with a fallow cycle; and
(3) supplemental inputs. The first two use plants in a facilitatory role,
both within and between plots. The third uses manures and chemical
inputs or involves cross-ecosystem transfer (e.g., green manure).

COMPLEMENTARITY

In Chapter 1, agroecosystems are spatially defined by the intended
degree of plant-plant complementarity. This is based on the four fun-
damental agrobionomic principles: (1) competitive acquisition, (2) com-
petitive partitioning, (3) facilitation, and (4) competitive exclusion
(Wojtkowski, 2002, p. 34).

The first of these, competitive acquisition, means that, through the
niche diversity of intercropping, unlike plants can capture a greater
amount of available essential resources, which can give overall pro-
ductive gains compared to monocultures lacking niche diversity. The
second principle, competitive partitioning, occurs in resource-rich
situations where, through biodiversity, more efficient use of essential
resources and greater overall productivity results.

These principles confer essential resource compatibility and have
application on a number of levels. The base unit, plant-on-plant inter-
actions, can be

1. distinguished economically through competition (or the lack
thereof),

2. used to ecologically define agroecosystems within the physical
landscape, and

3. used in determining the agronomic or biological efficiency of
individual productive units or an overall landscape.

The third agrobionomic principle, facilitation, means that the pres-
ence of one plant species benefits another, which results in productiv-
ity gains. As essential resources can be moved or directed between
landscape units, facilitation can transcend these units. This can be a
governing or important design influence in the overall landscape (see
Photo 2.1).
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PHOTO 2.1. Oil palms with understory. This triculture has facilitative non-
productive hedges with center rows of pineapple. On this site, the high degree of
interspecies interface presupposes a high degree of interspecies complemen-
tarity.

The fourth principle, competitive exclusion, states that by elimi-
nating or suppressing competition, mo