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Abstract

Throughout the developing world, resource-poor farmers (about 1.4 billion people) located in risk-prone, marginal envi-

ronments, remain untouched by modern agricultural technology. A new approach to natural resource management must be
developed so that new management systems can be tailored and adapted in a site-specific way to highly variable and diverse
farm conditions typical of resource-poor farmers. Agroecology provides the scientific basis to address the production by a
biodiverse agroecosystem able to sponsor its own functioning. The latest advances in agroecological research are reviewed
in order to better define elements of a research agenda in natural resource management that is compatible with the needs and
aspirations of peasants. Obviously, a relevant research agenda setting should involve the full participation of farmers with

other institutions serving a facilitating role. The implementation of the agenda will also imply major institutional and policy
changes. © 2002 Published by Elsevier Science B.V.
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1. Introduction only were technologies inappropriate for poor farmss
ers, but peasants were excluded from access to creat,
Perhaps the most significant realization at the be- information, technical support and other services that
ginning of the 21st century is the fact that the ar- would have helped them use and adapt these new
eas in the developing world, characterized by tradi- inputs if they so desiredP{ngali et al., 199} Al- 42
tional/subsistence agriculture, remain poorly served by though subsequent studies have shown that the spread
the top-down transfer-of-technology approach, due to of high-yielding varieties among small farmers ocs4
its bias in favor of modern scientific knowledge and curred in Green Revolution areas where they had ae
its neglect of local participation and traditional knowl- cess to irrigation and subsidized agrochemicals, ins
edge. For the most part, resource-poor farmers gainedequities remainl(ipton and Longhurst, 1999 47
very little from the Green RevolutiorPgarse, 1980 Clearly, the historical challenge of the publiclyas
Many analysts have pointed out that the new technolo- funded international agricultural research community
gies were not scale-neutral. The farmers with the larger is to refocus its efforts on marginalized farmers aneb
and better-endowed lands gained the most, whereasagroecosystems and assume responsibility for tee
farmers with fewer resources often lost, and income welfare of their agriculture. In fact many analysts2
disparities were often accentuateghiva, 1991 Not (Conway, 1997 Blavert and Bodek, 1998) agree thats
in order to enhance food security in the develops4
* Tel.: +1-510-642-9802/527-6972: fax:1-510-642-7428. ing world, the additional food production will havess
E-mail address: agroeco3@nature.berkeley.edu (M.A. Altieri). to come from agricultural systems located in courss
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Table 1

Technological requirements of resource-poor farmers

Innovation characteristics important to poor farmers Criteria for developing technology for poor farmers

Input saving and cost reducing Based on indigenous knowledge or rationale

Risk reducing Economically viable, accessible and based on local resources
Expanding toward marginal-fragile lands Environmentally sound, socially and culturally sensitive
Congruent with peasant farming systems Risk averse, adapted to farmer circumstances

Nutrition, health and environment improving Enhance total farm productivity and stability

tries where the additional people will live in, and The urgent need to combat rural poverty and to cons
especially where the majority of the poor people are serve and regenerate the deteriorated resource basesof
concentrated Rinstrup-Andersen and Cohen, 2000 small farms requires an active search for new kinds
Even this approach may not be enough, as currentof agricultural research and resource management
World Trade Organization (WTO) policies force de- strategies. Non-government organizations (NGOs3
veloping countries to open markets, which allows rich have long argued that a sustainable agricultural des
countries to jettison their overproduction at prices velopment strategy that is environmentally enhancing
that are disincentives to local producekéander and must be based on agroecological principles and oma
Goldsmith, 1995 more participatory approach for technology develop:?
An estimated 1.4 billion people live and work in  ment and dissemination, as many agree that this mey
the vast, diverse and risk-prone rainfed areas in the be the most sensible avenue for solving the prals4
south, where their farming operations cannot bene- lems of poverty, food insecurity and environmentals
fit much from mainstream agricultural technologies. degradationAltieri et al., 1999. 106
Their systems are usually located in heterogeneous To be of benefit to the rural poor, agricultural re7
environments too marginal for intensive agriculture search and development should operate on the fwa-
and remote from markets and institutiongvq(f, sis of a “bottom-up” approach, using and buildingyo
1986. In order to benefit the poor more directly, upon the resources already available: local peopls,
a natural resource management (NRM) approach their knowledge and their autochthonous natural ne:
must directly and simultaneously tackle the following sources. It must also seriously take into considetaz

objectives: tion, through participatory approaches, the needs, asj-
o rations and circumstances of smallholdeRschards, 114
Poverty alleviation; 1985 115

Food security and self-reliance;

[}

® . . . The main objective of this paper is to analyze the lats
e Ecological management of productive resources;

[}

[}

est advances in agroecological research and examine
whether ecological approaches to agriculture can pros
vide clear guidelines for addressing the technical and
The NRM strategy must be applicable under the production needs of poor farmers living in marginato
highly heterogeneous and diverse conditions in which environments throughout the developing world. 121
smallholders live, it must be environmentally sustain-
able and based on the use of local resources and in-
digenous knowledgeTable 1. The emphasis should 2. Building on traditional knowledge 122
be on improving whole farming systems at the field
or watershed level rather than the yield of specific =~ Many agricultural scientists have argued that the
commodities. Technological generation should be a starting point in the development of new pro-poags
demand-driven process meaning that research priori- agricultural development approaches are the very sys-
ties should be based on the socioeconomic needs andems that traditional farmers have developed and/or ips
environmental circumstances of resource-poor farm- herited throughout centurie€iambers, 1983 Such 127
ers Blauert and Zadek, 1998 complex farming systems, adapted to the local condis

Empowerment of rural communities;
Establishment of supportive policies.
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tions, have helped small farmers to sustainably man- drops to values ranging from 3.11 to 4.34. Wham
age harsh environments and to meet their subsistencefertilizers and other agrochemicals are utilized yieldss
needs, without depending on mechanization, chemi- can increase to levels of 5-7 mgtabut energy ra- 179
cal fertilizers, pesticides or other technologies of mod- tios start exhibiting inefficient values (less than 2.@jo
ern agricultural scienceDgnevan, 1996 Although (Netting, 1993. 181
many of these systems have collapsed or disappeared In most multiple cropping systems developed hy.
in many parts of the Third World, the stubborn persis- smallholders, productivity in terms of harvestables
tence of millions of hectares under traditional agricul- products per unit area is higher than under sole craps+
ture in the form of raised fields, terraces, polycultures, ping with the same level of managemefmrgncis, 1ss
agroforestry systems, etc. are living proof of a suc- 1986. Yield advantages can range from 20 to 60% ams
cessful indigenous agricultural strategy and comprises accrue due to reduction of pest incidence and mase
a tribute to the “creativity” of small farmers through- efficient use of nutrients, water and solar radiation.1ss
out the developing worldWilken, 1987. These mi- Undoubtedly, the ensemble of traditional crop maiss
crocosms of traditional agriculture offer promising agement practices used by many resource-poor farm-
models for other areas as they promote biodiversity, ers represent a rich resource for modern workers seek-
thrive without agrochemicals, and sustain year-round ing to create novel agroecosystems well adaptedido
yields. It is estimated that about 50 million individ- the local agroecological and socioeconomic circums
uals belonging to about 700 different ethnic indige- stances of peasants. Peasants use a diversity of teeh
nous groups live and utilize the humid tropical re- niques, many of which fit well to local conditions andbs
gions of the world. About two million of these live in  can lead to the conservation and regeneration of the
the Amazon and southern Mexicdaledo, 200Q. In natural resource base, as illustrated by the studyiof
Mexico, half of the humid tropics is utilized by indige-  Reij et al. (1996) of indigenous soil and water mamnss
nous communities and “ejidos” featuring integrated agement practices in Africa. The techniques tend to e
agriculture-forestry systems aimed at subsistence andknowledge-intensive rather than input-intensive, b
local-regional markets. clearly not all are effective or applicable, therefore1
Traditional farming systems commonly support a modifications and adaptations may be necessary. e
high degree of plant diversity in the form of polycul- challenge is to maintain the foundations of such maas
tures and/or agroforestry patterr@liessman, 1993 ifications grounded on peasants’ rationale and knowd4
This strategy of minimizing risks by planting several edge. 205
species of plants and varieties of crops stabilizes yields  “Slash and burn” or “milpa” is perhaps one of theos
over the long term, promotes diet diversity and maxi- best examples of an ecological strategy to manage
mizes returns even under low levels of technology and agriculture in the tropics. By maintaining a mosaic afs
limited resourcesHarwood, 1979 plots under cropping and some in fallow, farmers cags
Most peasant systems are productive despite theirture the essence of natural processes of soil regener-

low use of chemical inputsBfookfield and Padoch,
1994). Generally, agricultural labor has a high re-
turn per unit of input. The energy return to labor

ation typical of any ecological succession. By under
standing the rationale of the “milpa”, a contemporapy2
discovery, the use of “green manures”, has providedan

expended in a typical peasant farm is high enough ecological pathway to the intensification of the milpaj4
to ensure continuation of the present system. Also in areas where long fallows are not possible anymate
in these systems, favorable rates of return betweendue to population growth or conversion of forest tas

inputs and outputs in energy terms are realized. For pasture Flores, 198%

example, on Mexican hillsides, maiz&eg mays)

217
Experiences in Central America show that velss

yields in hand-labor-dependent swidden systems arevetbean, “mucuna”Nlucuna pruriens), based maize 219

about 1940kg hal, exhibiting an output/input ratio
of 11:1. In Guatemala, similar systems yield about
1066 kg ha' of maize, with an energy efficiency ra-
tio of 4.84. When animal traction is utilized, yields

systems are fairly stable allowing respectable yielgb
levels (usually 2-4mghd) every year Buckles 221
et al., 1998. In particular, the system appears te2
greatly diminish drought stress because the muleh

do not necessarily increase but the energy efficiency layer left by mucuna helps conserve water in thes
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soil profile. With enough water around, nutrients for Africa are even more dramatic. The majority of theo
are made readily available, in good synchronization world’s rural poor (about 370 million of the poorestso
with major crop uptake. In addition, the mucuna sup- live in areas that are resource-poor, highly heteroger
presses weeds (with a notable exception of one weedneous and risk-prone. Despite the increasing industsz
species,Rottboellia cochinchinensis), either because  alization of agriculture, the great majority of the farress
velvetbean physically prevents them from germinat- ers are peasants, or small producers, who still farm the
ing and emerging or from surviving very long during valleys and slopes of rural landscapes with traditiorras
the velvetbean cycle, or because a shallow root- and subsistence methods. Their agricultural systefss
ing of weeds in the litter layer—soil interface makes are small-scale, complex and diverse, and peasantsare
them easier to control. Data shows that this system confronted to many constraint3gble 3. The worst 268
grounded in farmers knowledge, involving the con- poverty is often located in arid or semiarid zones, ara
tinuous annual rotation of velvetbean and maize, can in mountains and hills that are ecologically vulnerabteo
be sustained for at least 15 years at a reasonably high(Conway, 199Y). These areas are remote from servicea
level of productivity, without any apparent decline in and roads and agricultural productivity is often low aar2

the natural resource basBuckles et al., 1998
As illustrated with the “mucuna” system, an in-

a crop by crop basis, although total farm output cars
be significant. Such resource-poor farmers and their

creased understanding of the agroecology and ethnoe-complex systems pose special research challengeszand

cology of traditional farming systems is necessary to
continue developing contemporary systems. This can
only occur from integrative studies that determine the
myriad of factors that condition how farmers perceive

their environment and subsequently how they modify
it to later translate such information to modern scien-

tific terms §ig. 1).

3. Defining the target population of a pro-poor
NRM strategy

Although estimates of the number and location of
resource-poor farmers vary considerably, it is esti-
mated that about 1.9-2.2 billion people remain di-
rectly or indirectly untouched by modern agricultural
technology Pretty, 199%. In Latin America, the rural
population is projected to remain stable at 125 million
until the year 2000, but over 61% of this population

demand appropriate technologi@gefting, 1993. 276

4, Shifting the research focus 277
Natural resource problems experienced by paos
farmers are not amenable to the research approaches
previously used by the international research copss
munity. In most organizations, including the 16s:1
international agricultural research centers assagk
ated to the Consultative Group on Internationads
Agricultural Research (CGIAR), research has been
commodity-oriented with the goal of improving yieldsss
of particular food crops and livestock, but generalbgs
without adequately understanding the needs and op-
tions of the poor, nor the ecological context of thems
systems being addressed. 289
Most scientists use a disciplinary approach, oftesv
resulting in recommendations for specific domains azd

are poor and are expected to increase. The projectionsfailing to equip farmers with appropriate technologies2

Table 2
Some features and constraints of peasant farming systems and poor rural households

Characteristics of poor smallholders Constraints to which poor farmers are exposed

Meager holdings or access to land

Little or no capital

Few off-farm employment opportunities

Income strategies are varied and complex

Complex and diverse farming systems in fragile environments

Heterogeneous and erratic environments
Market failures
Institutional gaps
Public good biases
Low access to land and other resources
Inappropriate technologies
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293 OF empower them to make informed choices between tions or capacity to manipulate their systems accordisg
294 available options. This situation is changing however to their socioeconomic constraints and requiremenis
295 as one of the Inter-Center Initiatives of the CGIAR is (Blauert and Zadek, 1998 330
296 advocating a new approach to integrated natural re- A case in point has been the evolution of integrated
,97 Source management (INRM). The idea is to generate pest management (IPM) and integrated soil fertilitg2
208 @ new research approach that considers the interactivemanagement (ISFM) which have proceeded separataly
299 effects of ecosystems and socioeconomic systems atwithout realizing that low-input agroecosystems refgs
s00 the ecoregional levelQGIAR, 200Q. During a recent on synergies of plant diversity and the continuing funess
s01  INRM workshop CGIAR scientists arrived at two ma- tion of the soil microbial community, and its relationsss
s02 Jor definitions of NRM CGIAR, 2000: ship with organic matter to maintain the integrity of:7
the agroecosystenDéugd et al., 1998 It is crucial 338

303 A Responsible and broad based management of land.¢  * e vicie"to understand that most pest manage-

304 water, forest and biological resource base (includ- .

. . . ment methods used by farmers can also be considewed
305 ing genes) needed to sustain agricultural produc- _ o X

LS . . . soil fertility management strategies and that there ane
306 tivity and avert degradation of potential productiv- L . .

ity positive interactions between soils and pests that onee
307 . ; " ) e -
s08 B. Management of the biogeochemical processes that'demmed’ can provide gwd_ellnes for OptI.mIZIl’lg t0e43

o . ; tal agroecosystem functiofrig. 2). Increasingly, re- 344

309 regulate the ecosystems within which agricultural ; y o

svstems function. NRM methods are those of svs- search is showing that the ability of a crop plant tas
310 tgm <cience. a svstem that embraces the interac};ionreSiSt or tolerate insect pests and diseases is tied tosap-
gi; of humans with )t/heir natural resources timal physical, chemical and mainly biological propsa7

erties of soils lLuna, 1988. Soils with high organic 348
313 Despite these new interdisciplinary efforts and the matter and active soil biological activity generally exuo
a14 Significant advances in understanding the links be- hibit good soil fertility as well as complex food websso
315 tween components of the biotic community and agri- and beneficial organisms that prevent infection. On tse
a16 Cultural productivity, agrobiodiversity is still treated other hand, farming practices that cause nutrition ins2
a17 as a “black-box” in agricultural researcBwift and balances can lower pest resistanbtagdoff and van 3s3
a1 Anderson, 1998 This calls for the need that crop, Es, 2000. 354
a19 Soil, water and pest management aspects be addressed During the various INRM workshops, CGIARsss
a20 Simultaneously at the field or watershed level in order scientists have been able to come up with a lisk
321 to match elements for production with forms of agroe- of research themes relevant to less favorable areas
322 COSystem management that are sensitive to maintain-(Table 3, but certainly that is not enough. In additiorss
323 ing and/or enhancing biodiversity. Such integrated ap- the CGIAR’s Technical Advisory Committee (TAC)so
a04 Proach to agroecosystem management can allow thecame forward with a working proposal toward theo
325 definition of a range of different strategies that can goal of poverty reduction, food security and sustaigs:
326 Ppotentially offer farmers (especially those most reliant able agriculture. As important as it is to define arb
327 0N the functions of agrobiodiversity) a choice of op- map poverty, which appears to be the major enyss

Table 3
Examples of research themes for the lower-potential ladsyay, 199y

Improved understanding of selected critical agroecosystems such as the highland valleys of northern South Asia

New varieties produced through conventional breeding and genetic engineering that deliver higher yields in the face of environmental stress
Technologies for drought- and submergence-prone rain-fed rice cultivation

Small-scale, community-managed irrigation and water-conservation systems

More productive cereal-based farming systems in Eastern and Southern Africa

Improved agroeconomic systems appropriate to specific acid- and mineral-deficient soils in the savannahs of Latin America

Synergetic cropping and crop-livestock systems providing higher, more stable yields in the highlands of West Asia

Productive and sustainable agroforestry alternatives to shifting cultivation

Sustainable income- and employment-generating exploitation of forest, fisheries and natural resources




ARTICLE IN PRESS

M.A. Altieri/ Agriculture, Ecosystems and Environment 1971 (2002) 1-24 7
Fertilizers
Cover crops
Enhanced
Green manure Soil Fertility

Mulching —

Compos/

Rotations, etc

Health

HEALTH
ISM
SYNERGIS % Agroecosystem

Y CROP

Interactions

(+,-)

Crop Diversity
Enhanced Pest
Regulation

Cultual Practices
Pesticides

Habitat Modification

Fig. 2. Interactions of soil and pest management practices used by farmers, some of which may result in synergism leading to healthy and
productive crop.

364 hasis of TAC, it is even more urgent to understand the forms through which those principals become operas
365 root causes of poverty and tackle such factors headtional depend on the prevailing environmental and soe
366 on through agricultural research. Another emphasis of cioeconomic conditions at each sitéghoff, 2003. 391
367 TAC is to assess the impacts that unpredictable and ex-

368 treme climatic events will have on the poor. Describ-

369 ing how long-term warming trends will affect small 5. Agroecology as a fundamental scientific basis 392
370 farm production, although important, is not as rele- for NRM 393
371 vant as understanding the adaptability of agroecosys-

372 tems on which the poor depend or how to enhance the In trying to improve agricultural production, mostes
373 resiliency of smallholders farming systems to climate scientists have disregarded a key point in the devek
374 change. opment of a more self-sufficient and sustaining aggbs
375 What is lacking in these new definitions is the ex- culture: a deep understanding of the nature of agroe-
a7e  plicit description of the scientific bases of NRM and cosystems and the principles by which they functioss
377 of methods to increase our understanding of the struc- Given this limitation, agroecology has emerged as thwe
378 ture and dynamics of agricultural and natural resource discipline that provides the basic ecological principles
379 ecosystems and providing guidelines to their produc- for how to study, design and manage agroecosystems
380 tive and sustainable management. A relevant NRM that are both productive and natural resource consene-
381 strategy requires the use of general agroecological ing, and that are also culturally sensitive, socially justs
382 principles and customizing agricultural technologies and economically viableA(tieri, 1995). 404
383 to local needs and circumstances. Where the con- Agroecology goes beyond a one-dimensionabk
384 ventional technology transfer model breaks down is view of agroecosystems—their genetics, agronorys
385  where new management systems need to be tailorededaphology, etc.—to embrace an understanding sof
386 and adapted in a site-specific way to highly variable ecological and social levels of co-evolution, structuses
387 and diverse farm conditions. Agroecological princi- and function. Instead of focusing on one particulas
388 ples have universal applicability but the technological component of the agroecosystem, agroecology e
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Table 4
Agoecosystem processes optimized through the use of agroecological technologies

Organic matter accumulation and nutrient cycling

Soil biological activity

Natural control mechanisms (disease suppression, biocontrol of insects, weed interference)
Resource conservation and regeneration (soil, water, germplasm, etc.)

General enhancement of agrobiodiversity and synergisms between components

411 phasizes the inter-relatedness of all agroecosystemgies such as cover crops, green manures, intercrep-
412 components and the complex dynamics of ecological ping, agroforestry and crop-livestock mixtures, ate
413 processes (Vandermeer, 1995). multi-functional as their adoption usually means fas2
414 Agroecosystems are communities of plants and vorable changes in various components of the farmisg
415 animals interacting with their physical and chemical systems at the same tim&l{essman, 1998 454
416 environments that have been modified by people to  Most of these technologies may function as an “ecss
417 produce food, fiber, fuel and other products for hu- logical turntable” by activating and influencing cornuss
418 man consumption and processing. Agroecology is the ponents of the agroecosystem and processes suchias:
419 holistic study of agroecosystems, including all envi-

420 ronmental and human elements. It focuses on the form, 1. Recycling of biomass and balancing nutrient flows
421 dynamics and functions of their interrelationships and ~ and availability. 459
422 the processes in which they are involved. An area 2. Securing favorable soil conditions for plantgrowthe.o
423 used for agricultural production, e.g. a field, is seen  through enhanced organic matter and soil biotiex

424 as a complex system in which ecological processes activity. 462
425 found under natural conditions also occur, e.g. nutri- 3. Minimizing losses of solar radiation, air, water ands
a26 ent cycling, predator/prey interactions, competition, ~ nhutrients by way of microclimate management, was4
427 symbiosis, successional changes, etGligssman, ter harvesting and soil cover. 465
428 1998. Implicit in agroecological research is the idea 4. Enhancing species and genetic diversification of twe
420 that, by understanding these ecological relationships ~ agroecosystem in time and space. 467

430 and processes, agroecosystems can be manipulated t§- Enhancing beneficial biological interactions anes
431 improve production and to produce more sustainably, ~ Synergisms among agrobiodiversity components
432 with fewer negative environmental or social impacts ~ resulting in the promotion of key ecological pros7o
433 and fewer external inputs3(iessman, 1998 cesses and services. 471
434 Ecological concepts are utilized to favor natural pro-

435 cesses and biological interactions that optimize syner-

436 gies so that diversified farms are able to sponsor their 6. Challenging topics for agroecological research 472
437 own soil fertility, crop protection and productivity. By

438 assembling crops, animals, trees, soils and other fac-6.1. Mimicking nature 473
439 tors in spatial/temporal diversified schemes, several

440 processes are optimizedaple 4. Such processes are At the heart of the agroecology strategy is the idea
441 crucial in determining the sustainability of agricultural that an agroecosystem should mimic the functioniag
442 systemsYandermeer et al., 1998 of local ecosystems thus exhibiting tight nutrient cye
443 Agroecology takes greater advantage of natural cling, complex structure and enhanced biodiversityz
444 processes and beneficial on-farm interactions in or- The expectation is that such agricultural mimics, likes
445 der to reduce off-farm input use and to improve their natural models, can be productive, pest-resistamt
446 the efficiency of farming systems. Technologies em- and conservative of nutrient&yel, 1999. 480
447 phasized tend to enhance the functional biodiver- This succession analog method requires a detailed
448 sity of agroecosystems as well as the conservation description of a natural ecosystem in a specific ez
449 Of existing on-farm resources. Promoted technolo- vironment and the botanical characterization of als
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potential crop components. When this information is ment of natural checks and balances of herbivore,

available, the first step is to find crop plants that are diseases and weeds. This natural systems agricultage
structurally and functionally similar to the plants of (NSA) idea which was developed at The Land Instisa

the natural ecosystem. The spatial and chronological tute in 1977 features an ecologically sound perenniad

arrangement of the plants in the natural ecosystem arefood-grain-producing system where soil erosion goss

then used to design an analogous crop systeanrt( to near zero, chemical contamination from agrochemaz

1980. In Costa Rica, researchers conducted spatial icals plummets, along with agriculture’s dependenss

and temporal replacements of wild species by botani- on fossil fuels. A primary goal of NSA is to sufficientlysso

cally/structurally/ecologically similar cultivars. Thus, mimic the natural structure to begranted the function s40

successional members of the natural system such asof its components. Domesticating wild perennials aad

Heliconia spp., cucurbitaceous vinefgomoea spp., increasing seed yield and at the same time perenniadiz-
legume vines, shrubs, grasses, and small trees werdng the major crops to be planted as domestic prairizs

replaced by plantainMusa spp.), squashQurcur- is a major NSA strategyJackson, 2002 544

bita spp.) varieties, and yam®ioscorea spp.). By To many, the ecosystem-analog approach is the

years 2 and 3, fast-growing tree crops (Brazil nuts basis for the promotion of agroforestry systems, espe

(Bertholletia excelsa), peach Prunus persica), palm cially the construction of forest-like agroecosystems

(Chamaerops spp.), rosewood¥albergia spp.)) may that imitate successional vegetation, which exhibits

form an additional stratum, thus maintaining contin- low requirements for fertilizer, high use of availables

uous crop cover, avoiding site degradation and nutri- nutrients, and high protection from pestSafchez, ss0

ent leaching, and providing crop yields throughout the 1995. 551

year Ewel, 1986.

According toEwel (1999) the only region where
it would be advantageous to imitate natural ecosys-

6.2. Understanding multi-species agroecosystems 552

tems rather than struggle to impose simplicity through
high inputs in ecosystems that are inherently complex
is the humid tropical lowlands. This area epitomizes
environments of low abiotic stress but overwhelming
biotic intricacy. The keys to agricultural success in
this region are to (i) channel productivity into out-
puts of nutritional and economic importance, (ii) main-

tain adequate vegetational diversity to compensate for

In temperate or semiarid areas where complex nat:
ural ecosystems are not present as a model, the msain
strategy lies in the use of agroecological principles &s
part of the design criterion, thus replacing what hes
become a strictly economic decision-making process
with one that also includes ecological idedstieri sss
et al., 1983. 559

Recent ecological research indicates that divesse

losses in a system simple enough to be horticultur- natural communities are indeed more productive
ally manageable, (iii) manage plants and herbivores to than simple systemsT{man et al., 199§ just as se2
facilitate associational resistance, and (iv) use peren- many agricultural studies have shown that complexs
nial plants to maintain soil fertility, guard against ero- multi-species agricultural systems are more depensk-
sion, and make full use of resources. The idea how- able in production and more sustainable in terms =
ever has also been proved in the temperate latitudes.resource conservation than simplified agroecosystefts
Soule and Piper (1992) proposed utilizing the prairie (Vandermeer et al., 1998Significant yield increasesss?
of the US Great Plains as an appropriate model to have been reported in diverse cropping systems caaa-
develop an agroecosystem dominated by mixtures of pared to monocultures=(ancis, 1986; Vandermeersso
perennial grasses, legumes and composites, all plants1989. Enhanced yields in diverse cropping systenss
that differ in seasonal nutrient use and would thereby may result from a variety of mechanisms such ea
play complimentary and facilitating roles in the field. more efficient use of resources (light, water, nutez
The use of perennial species would mimic the origi- ents) or reduced pest damage. Intercropping, which
nal prairie’s soil-retaining, soil-building aspects. The breaks down the monoculture structure, can proviske
legume component would help maintain an internal pest control benefits, weed control advantages se
soil fertility supply and the diversity of crop species, duced wind erosion, and improved water infiltraticsre
including some native species, would allow develop- (Francis, 1985 577
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The mechanisms that result in higher productivity in and spatial diversification of cropping systems as
diverse agroecosystems are embedded in the processhis leads to higher productivity and likely to greatepz
of facilitation. Facilitation occurs when one crop mod- stability and ecological resiliency. 628
ifies the environment in a way that benefits a second
crop, e.g. by lowering the population of a critical her- 6.3. Integrating effects of soil management: healthy 629
bivore, or by releasing nutrients that can be taken up soils-healthy plants 630
by the second cropVandermeer, 1989 Facilitation
may result in overyielding even where direct compe-  As emphasized earlier, crop diversification strates
tition between crops is substantial. Ecological studies gies must be complemented by regular applicationssef
suggest that more diverse plant communities are more organic amendments (crop residues, animal manuras
resistant to disturbance and more resilient to environ- and composts) to maintain or improve soil qualigs
mental perturbations like drougHfifman et al., 1995 and productivity. Much is known about the benefits efs
In agricultural situations this means that polycultures multi-species rotations, cover crops, agroforestry assd
exhibit greater yield stability and less productivity de- intercrops Francis, 1985 Less well known are thess?
clines during a drought than in the case of monocul- multifunctional effects of organic amendments beyomrgh
tures.Natarajan and Willey (19963xamined the ef-  the documented effects on improved soil structure asd
fect of drought on enhanced yields with polycultures nutrient content. Well-aged manures and composts e&n
by manipulating water stress on intercrops of sorghum serve as sources of growth-stimulating substances saeh
(Sorghum bicolor) and peanutArachis spp.), millet as indole-3-acetic acid and humic and fulvic acids
(Panicum spp.) and peanut, and sorghum and mil- (Magdoff and van Es, 20Q0Beneficial effects of hu- 643
let. Although total biomass production in both poly- mic acid substances on plant growth are mediated bya
cultures and monocultures decreased as water stresseries of mechanisms, many similar to those resultisag
increased, all of these intercrops overyielded consis- from the direct application of plant growth regulatorsss
tently at five levels of moisture availability, ranging The ability of a crop plant to resist or tolerate pests:
from 297 to 584 mm of water applied over the cropping is tied to optimal physical, chemical and biologicahs
season. Quite interestingly, the rate of overyielding ac- properties of soils. Adequate moisture, good soil tiltbye
tually increased with water stress such that the rela- moderate pH, right amounts of organic matter assh
tive differences in productivity between monocultures nutrients, and a diverse and active community of sesk
and polyculture became more accentuated as stress inorganisms all contribute to plant health. Organic-riehz
creased. soils generally exhibit good soil fertility as well ass3

Surveys conducted in hillsides after Hurricane complex food webs and beneficial organisms that
Mitch in Central America showed that farmers using prevent infection by disease-causing organisms sueh
sustainable practices such as cover crops, intercrop-as Pythium and Rhizoctonia (Hendrix et al., 199 656
ping and agroforestry suffered less damage than their Composts may alter resistance of plants to disease.
conventional neighbors. The survey, spearheaded byTrankner (1992)observed that powdery mildew obss
the Campesino a Campesino movement, mobilized wheat {friticum spp.) and barleyH{ordeum spp.) was 659
100 farmer—technician teams and 1743 farmers to less severe in compost—amended than in unameneked
carry out paired observations of specific agroecolog- soils. He also reported lower incidence of early bligkd1
ical indicators on 1804 neighboring, sustainable and and bacterial spot of tomatd.ycopersicon esculen- 662
conventional farms. The study spanned 360 commu- tum) field-grown plants in compost-amended soil thae
nities and 24 departments in Nicaragua, Honduras in the control. A number of pathogenic nematodes
and Guatemala. Sustainable plots had 20—40% morecan also be suppressed with the application of orgasis
topsoil, greater soil moisture, less erosion and experi- amendmentsfodriguez-Kabana, 19360n the other 666
enced lower economic losses than their conventional hand, farming practices such as high applications eef
neighbors KHolt-Gimenez, 200l These data are of N fertilizer can create nutrition imbalances, and reess
great significance to resource-poor farmers living in der crops susceptible to diseases sucRhasophtora 669
marginal environments and should provide the basis andFusariumand stimulate outbreaks of Homopteraaro
for an NRM strategy that privileges the temporal insects such as aphids and leafhopp&iar{sky and 671
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Rodriguez, 198) In fact there is increasing evidence residues and other organic soil amendments that crap
that crops grown in organic-rich and biologically ac- species, possibly because of differences in seed mass.
tive soils are less susceptible to pest attackng, They suggest that delayed patterns of N availabilitse
1988. Many studies $criber, 198% suggest that the  in low-external-input systems may favor large-seeded
physiological susceptibility of crops to insect pests crops over small-seeded weeds. They also found that
and pathogens may be affected by the form of fertil- additions of organic materials can change the ineis
izer used (organic versus chemical fertilizer). dence and severity of soil-borne diseases affecting
The literature is abundant on the benefits of organic weeds but not crops. Such results suggest that these
amendment additions that encourage resident antag-mechanisms ubiquitous to organically managed saits
onists thus enhancing biological control of plant dis- can reduce weed density and growth while maintairs
eases Campbell, 1989 Several bacteria species of ing acceptable crop yields. 730
the genusBacillus and Pseudomonas, as well as the Such findings are of key importance to resource-pear
fungusTrichoderma are key antagonists that suppress farmers such as Cakchiquel farmers in Patzlmz
pathogens through competition, lysis, antibiosis or hy- Guatemala, who have experienced increased pest
perparasitismFalti, 198). populations (aphids and corn earwornidelfothis 734
Studies documenting lower abundance of several zea)) in maize since they abandoned organic fertilizass
insect herbivores in low-input systems have partly at- tion and adopted synthetic fertilizerSi¢rales et al., 736
tributed such reduction to a low N content in organ- 2001). Many farmers undergoing modernization magz
ically farmed crops. In Japan, density of immigrants be facing similar impacts due to higher fertilizer usess

of the planthopperSogatella furcifera, was signifi- which in turn may create subtle imbalances in thes
cantly lower while settling rate of female adults and agroecology of specific farming systems. 740
survival rate of immature stages of ensuing genera-

tions were lower in organic rice fields. Consequently, 6.4. Vegetational diversity and pest outbreaks 741

the density of planthopper nymphs and adults in the

ensuing generations decreased in organically farmed Throughout the years many ecologists have comz

fields (Kajimura, 199%. In England, conventional win-  ducted experiments testing the theory that decreased
ter wheat fields developed a larger infestation of the plant diversity in agroecosystems leads to enhanced
aphidMetopolophium dirhodumthan its organic coun-  herbivorous insect abundancddtferi and Letourneau, 745

terpart. This crop also had higher levels of free pro- 1982; Andow, 1991 Many of these experiments havess

tein amino acids in its leaves during June, which were shown that mixing certain plant species with the pris7

believed to have resulted from a N top dressing of mary host of a specialized herbivore gives a fairlys

the crop early in April. However, the difference in consistent result: specialized insect pest species usl-
the aphid infestations between crops was attributed ally exhibit higher abundance in monoculture than o

to the aphid’s response to relative proportions of cer- diversified crop systema(tieri, 1994). 751

tain non-protein to protein amino acids in the leaves  Several reviews have been published documert

at the time of aphid settling on cropEdwalski and ing the effects of within-habitat diversity on insectss

Visser, 1979. In greenhouse experiments, when given (Altieri and Nicholls, 1999; Landis et al., 20R0Two 754

a choice of maize grown on organic versus chemically main ecological hypotheses (natural enemy hypoths

fertilized soils, European corn bore®dtrinia nubi- esis and the resource concentration hypothesis) hasge
lalis) females preferred to lay significantly more eggs been offered to explain why insect communities a7
in chemically fertilized plantsRhelan et al., 1995 agroecosystems can be stabilized by constructing

In the case of weedgjebman and Gallandt (1997) vegetational architectures that support natural ens
assessed the impacts of organic soil amendments onmies and/or directly inhibit pest attaclSifith and 7eo
weed regeneration, resource use and allelopatic in- McSorely, 200Q. The literature is full of examples of7e1
teraction. Their results from temperate region sweet experiments documenting that diversification of crops2
corn (Z. mays) and potato $olanum tuberosum) pro- ping systems often leads to reduced pest populatioms.
ducing systems showed that weed species appear tdn the review byRisch et al. (1983)150 published 764
be more susceptible to phytotoxic effects of crop studies documenting the effects of agroecosystesn
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diversification on insect pest abundance were sum- colonization and reproductive behavior of herbivores:
marized; 198 total herbivore species were examined and by the activities of natural enemies. The studias
in these studies. Fifty-three percent of these speciesfurther suggest that the more diverse the agroecosys-
were found to be less abundant in the more diversified tems and the longer this diversity remains undisturbed;
system, 18% were more abundant in the diversified the more internal links develop to promote greater igis
system, 9% showed no difference, and 20% showed sect stability Altieri and Nicholls, 1999. Research s19
a variable response. along these lines is crucial to a vast majority of smalo
Many of these studies have transcended the researchifarmers who rely on the rich complex of predators anzh
phase and have found applicability to control-specific parasites associated with their mixed cropping systesrns
pests such as Lepidopteran stemborers in Africa. Sci- for insect pest control. Any changes on the levels @t
entists at the International Center of Insect Physiol- plant diversity in such systems can lead to disruptiogs
ogy and Ecology (ICIPE) developed a habitat man- of natural pest control mechanisms, potentially mades
agement system which uses two kinds of crops that ing farmers more dependent on pesticides. 826
are planted together with maize: a plant that repels Regardless, more studies are needed to determine
these borers (the push) and another that attracts (thethe underlying elements of plant mixtures that disrugs
pull) them Kahn et al.,, 1998 The push—pull sys- pestinvasion and that favor natural enemies. Reseatsh
tem has been tested on over 450 farms in two dis- must also expand to assess the effects of geneticseti-
tricts of Kenya and has now been released for uptake versity, achieved through variety mixtures, on the sugp1
by the national extension systems in East Africa. Par- pression of plant pathogens. In the area of plant disessze
ticipating farmers in the breadbasket of Trans-Nzoia control, evidence suggests that genetic heterogeneity
are reporting a 15-20% increase in maize yield. In reduces the vulnerability of monocultured crops to dis
the semiarid Suba district—plagued by both stembor- ease. Recent research in China, where four differest
ers and striga—a substantial increase in milk yield mixtures of rice varieties grown by farmers from 1&ss
has occurred in the last 4 years, with farmers now different townships over 3000 ha, suffered 44% less
being able to support grade cows on the fodder pro- blast incidence and exhibited 89% greater yield theas
duced. When farmers plant maize together with the homogeneous fields without the need to use fungicides
push—pull plants, a return of US$ 2.30 for every dollar (Zhu et al., 200R More studies along these lines wilt4o
invested is made, as compared to only $ 1.40 obtainedallow more precise planning of cropping designs fes1

by planting maize as a monocrop. Two of the most optimal pest and disease regulation. 842
useful trap crops that pull in the borers’ natural en-

emies such as the parasitic wa§jotesia sesamiae), 6.5. Conversion 843
napier grassHennisetum purpureum) and Sudan grass

(S vulgare sudanese), both important fodder plants; In some areas, the challenge is to revert systems

these are planted in a border around the maize. Two that have already undergone modernization and where
excellent borer-repelling crops which are planted be- farmers experience high environmental and econorsie

tween the rows of maize are molasses graadi(is costs due to reliance on agrochemicals. Such process
minutifolia), which also repels ticks, and the legumi- of conversion from a high-input conventional marss

nous silverleaf Desmodium), which in addition can  agement system to a low-external-input system can

suppress the parasitic we@figa by a factor of 40  pe conceptualized as a transitional process with these
compared to maize monocrapesmodiunt’ s N-fixing marked phasesV(c Rae et al., 1990 851

ability increases soil fertility and it is an excellent for-

age. As an added bonus, sale@dsmodium seed is 1. Increased efficiency of input use through integratesd

proving to be a new income-generating opportunity pest management or integrated soil fertility magss

for women in the project areas (Khan et al., 1997). agement. 854
It is clear that both empirical data and theoretical 2. Input substitution or substitution of environmersss
arguments suggest that differences in pest abundance tally benign inputs. 856

between diverse and simple annual cropping systems3. System redesign: diversification with an optimadz
can be explained by both differences in the movement,  crop/animal assemblage, which encourages syrssg-
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gism so that the agroecosystem may sponsor its 4. enhancement of functional complementarities bes
own soil fertility, natural pest regulation, and crop tween the various farm components. 906

productivity. Promotion of biodiversity within agricultural syso7
tems is the cornerstone strategy of system redesigmoas

Many of the practices that are currently being pro- (esearch has demonstrated tHeder, 199% 909
moted as components of sustainable agriculture fall in

categories 1 and 2. Both these stages offer clear ben-
efits in terms of lower environmental impacts as they
decrease agrochemical input use and often can pro-
vide economic advantages compared to conventional
systems. Incremental changes are likely to be more
acceptable to farmers as drastic modification that may
be viewed as highly risky. But does the adoption of
practices that increase the efficiency of input use or
that substitute biologically based inputs for agrochem-
icals, but that leave the monoculture structure intact,
really have the potential to lead to the productive re-
design of agricultural systems?

In general, the fine-tuning of input use through IPM
or ISFM does little to move farmers toward an al-
ternative to high input systems. In most cases, IPM
translates to “intelligent pesticide management” as it
results in selective use of pesticides according to a One of the frustrations of research in sustaises
pre-determined economic threshold, which pests often able agriculture has been the inability of low-inpubs
“surpass” in monoculture situations. practices to outperform conventional practices s

1. Higher diversity (genetic, taxonomic, structural, rezo
source) within the cropping system leads to highan
diversity in associated biota. 912

2. Increased biodiversity leads to more effective pest
control and pollination. 914

3. Increased biodiversity leads to tighter nutrient cy:s
cling. 916

As more information about specific relationshipsz
between biodiversity, ecosystem processes, and pte-
ductivity in a variety of agricultural systems is accuio
mulated, design guidelines can be developed furtlgr
and used to improve agroecosystem sustainability and
resource conservation. 922

6.6. Syndromes of production 923

On the other hand, input substitution follows the
same paradigm of conventional farming; overcoming
the limiting factor but this time with biological or or-
ganic inputs. Many of these “alternative inputs” have

side-by-side experimental comparisons, despite the
success of many organic and low-input productiors
systems in practiceMandermeer, 1997 A potential 929
explanation for this paradox was offered Bydow 930

become commodified, therefore farmers continue to be and Hidaka (1989n their description of “syndromeses1
dependent on input suppliers, many of a corporate na- of production”. These researchers compared the tradi-
ture (Altieri and Rosset, 1996Clearly, as it stands to-  tional shizefi system of ric&fyza sativa) production 933
day, “input substitution” has lost its “pro-poor” poten-  with the contemporary Japanese high input systesm.
tial. A notable exception are advances in Cuba, where Although rice yields were comparable in the two sysss
small-scale artisanal production of biopesticides and tems, management practices differed in almost evesy
biofertilizers is conducted in cooperatives using local respect: irrigation practice, transplanting techniquey
materials and made available to farmers at low costs. plant density, fertility source and quantity, and maoss

System redesign on the contrary arises from the agement of insects, diseases, and weddslow and 939
transformation of agroecosystem function and struc- Hidaka (1989)argue that systems like shizefi fun®4o
ture by promoting management guided to ensure the tion in a qualitatively different way than conventional1
following processes: systems. This array of cultural technologies and pest
management practices result in functional differences
that cannot be accounted for by any single practiceass
2. increasing biomass production and soil organic  Thus a production syndrome is a set of manages

matter content, ment practices that are mutually adaptive and leackte
3. optimal planning of plant—-animal sequences and high performance. However, subsets of this collectios

combinations and efficient use of locally available of practices may be substantially less adaptive, i.e. the

resources, and interaction among practices leads to improved system

1. increasing above- and below-ground biodiversity,
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performance that cannot be explained by the additive sions? These are unavoidable questions faced by scien-
effects of individual practices. In other words, each tists and development practitioners dealing with conss
production system represents a distinct group of man- plex agroecosystems. A number of people working es3
agement techniques and by implication, ecological re- alternative agroecological strategies have attempted#o
lations. This re-emphasizes the fact that agroecolog- arrive at a framework that offers a response to the
ical designs are site-specific and what may be appli- above and other question€gnway, 1994 There is 972
cable elsewhere are not the techniques but rather themuch argument on whether to use location-speciic
ecological principles that underlie sustainability. It is or universal indicators. Some argue that the impor4
of no use to transfer technologies from one site to an- tant indicators of sustainability are location-specifies
other, if the set of ecological interactions associated and change with the situation prevailing on a farmes

with such techniques cannot be replicated. (Harrington, 1992 For example, in the steeplands;7
soil erosion has a major impact on sustainability, barg
6.7. Assessing the sustainability of agroecosystems in the flat lowland rice paddies, soil loss due to erer

sion is insignificant and may not be a useful indicaso

How can the sustainability of an agroecosystem be tor. Based on this principle, therefore, the protocol fes1
evaluated? How does a given strategy impact on the measuring sustainability starts with a list of potentied2
overall sustainability of the natural resource manage- indicators from which practitioners select a subset @
ment system? What is the appropriate approach to ex-indicators that is felt to be appropriate for the partiess
plore its economic, environmental and social dimen- ular farm being evaluated. 985

Grain yield

Participation of
producersin .
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Tolerance to }

social and ¢  System .
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Traditional - - - Commercial = cesseseeen Optimum

Fig. 3. An AMOEBA-type diagram featuring 11 indicators for the evaluation of the sustainability of two contrasting agrosilvopastoral
systems in Casa Blanca, Michoacan, Mexitogez-Ridaura et al., 2000
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A strong current of opinion thinks that the defi-
nition and consequently the procedure for measuring

throughout the developing world, which incorporate:
elements of both traditional knowledge and modesse

sustainable agriculture is the same regardless of theagricultural science. A variety of projects exist featusss

diversity of situations that prevails on different farms.
Under this principle, sustainability is defined by a set
of requirements that must be met by any farm regard-
less of the wide differences in the prevailing situation
(Harrington, 1992 The procedure of using a common
set of indicators offers a protocol for measuring sus-
tainability at the farm level by: (i) defining the require-
ments for sustainability, (ii) selecting the common set
of indicators, (iii) specifying the threshold levels, (iv)
transforming the indicators into a sustainability index,
and (v) testing the procedure using a set of data from

ing resource-conserving yet highly productive systeinss
such as polycultures, agroforestry, the integrationaé
crops and livestock, etcAltieri et al., 1999. Such 1036
alternative approaches can be described as low-imgut
technologies, but this designation refers to the exteroal
inputs required. The amount of labor, skills and maese
agement that are required as inputs to make landand
other factors of production most productive is quite1
substantial. So rather than focus on what is not baing
utilized, it is better to focus on what is most importaiots
to increase food output, labor, knowledge and marna

selected farmsGomez et al., 1996 According to this agementphoff and Altieri, 1999. 1045
method, a farming system is considered sustainable if Agroecological alternative approaches are basedoas
it conserves the natural resource base and continuesusing locally available resources as much as possible,
to satisfy the needs of the farmer, the manager of the though they do not totally reject the use of external ibes
system. Any system that fails to satisfy these two re- puts. However, farmers cannot benefit from technatas
quirements is bound to change significantly over the gies that are not available, affordable or appropriate
short term and is therefore considered not sustainable.to their conditions. Purchased inputs present specl
Using threshold levels (minimum value of an indica- problems and risks for less-secure farmers, particee
tor above which starts a trend towards sustainability), larly where supplies and the credit to facilitate puess
Gomez et al. (1996)sed yields, profit and stability chases are inadequate. 1054
(frequency of disaster) as farmers satisfaction indica- The analysis of dozens of NGO-led agroecolagss
tors, while soil depth, water holding capacity, nutrient ical projects show convincingly that agroecologiaade
balance, organic matter content, ground cover, and bi- systems are not limited to producing low outputs, e
ological diversity were used as indicators of resource some critics have asserted. Increases in producten
conservation. of 50-100% are fairly common with most alternass

In contrast, by working with optimal values (rather tive production methods. In some of these systems,
than with thresholds) of sustainabilityppez-Ridaura  yields for crops that the poor rely on most—rid®. (1061
et al. (2000)used indicators such as independence sativa), beans Phaseolus vulgaris), maize, cassavaos2
from external inputs, grain yield, system adoptabil- (Manihot esculenta), potatoesi. esculenta), barley— 1063
ity, food self-sufficiency, diversity of species, etc. As have been increased by several-fold, relying on latves
shown inFig. 3, an AMOEBA-type diagram is used and know-how more than on expensive purchaseddss
to show, in qualitative terms, how far the objective has puts, and capitalizing on processes of intensificatios
been reached for each indicator by giving the percent- and synergy phoff, 2003. 1067
age of the actual value with respect to the ideal value In a recent study of 208 agroecologically basesk
(reference value). This enables a simple, yet compre- projects and/or initiatives throughout the developitoge
hensive comparison of the advantages and limitations world, Pretty and Hine (20008locumented clear inzo7o
of two systems being evaluated and compared. creases in food production over some 29 million &
with nearly nine million households benefiting fromr
increased food diversity and security. Promoted suss
tainable agriculture practices led to 50-100% ibr4
creases in per hectare food production (about 1.7 1ahg
per year per household) in rain-fed areas typicahob

Since the early 1980s, hundreds of agroecologi- small farmers living in marginal environments, i.e. anz
cally based projects have been promoted by NGOs area of about 3.58 million ha, cultivated by about 442

7. Applying agroecology to improve the
productivity of small farming systems
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million farmers. Such yield enhancements are a true small farmers Pearse, 1980 This situation is changz124

breakthrough for achieving food security among farm-
ers isolated from mainstream agricultural institutions.

More important than just yields, agroecological in-
terventions raise total production significantly through
diversification of farming systems, such as raising fish
in rice paddies or growing crops with trees, or adding
goats or poultry to household operatiotphoff and
Altieri, 1999). Agroecological approaches increased
the stability of production as seen in lower coefficients
of variance in crop yield with better soil and water
management (Francis, 1988).

It is difficult, however, to quantify all the potentials

ing, although slowly, as many agricultural universitiags
have started to incorporate agroecology and sustais-
ability issues into the conventional agronomic curriauz?
lum (Altieri and Francis, 1992). 1128

The high variability of ecological processes ando
their interactions with heterogeneous social, culturadp
political, and economic factors generate local sysi1
tems that are exceptionally unique. When the heteres
geneity of the rural poor is considered, the inapprms
priateness of technological recipes or blueprints hes
comes obvious. The only way that the specificity 10fs
local systems—from regions to watersheds and allithe

1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106

of such diversified and intensified systems because way down to a farmer’s field—can be taken into acs7
there is too little research and experience to estab- countis through site-specific NRNBéets, 1990 This 1138
lish their limits. Nevertheless, data from agroecologi- does not mean, however, that agroecological schermes
cal field projects show that traditional crop and animal adapted to specific conditions may not be applicahke
combinations can often be adapted to increase produc-at ecologically and socially homologous larger scalas:
tivity when the biological structuring of the farm is  What implies is the need to understand the pringkz
improved and labor and local resources are efficiently ples that explain why such schemes work at theilas
used Altieri, 1999). In general, data show that over cal level, and later applying such principles at broades
time agroecological systems exhibit more stable levels scales. 1145
of total production per unit area than high-input sys-  NRM site-specificity requires an exceptionally larges
tems, produce economically favorable rates of return, body of knowledge that no single research institutiam
provide a return to labor and other inputs sufficient can generate and manage on its own. This is one reasen
for a livelihood acceptable to small farmers and their why the inclusion of local communities at all stagess
families, and ensure soil protection and conservation of projects (design, experimentation, technology dee
as well as enhanced biodiversityrétty, 1997. velopment, evaluation, dissemination, etc.) is a key
element in successful rural development. The invenz
tive self-reliance of rural populations is a resource that
must be urgently and effectively mobilizeRi¢hards, 1154
1985. 1155
On the other hand, technological or ecological itse
With increasing evidence and awareness of the ad- tentions are not enough to disseminate agroecology.
vantages of agroecology, why has not it spread more As pointed out inTable 5 there are many factors thatss
rapidly and how can it be multiplied and adopted more constraint the implementation of sustainable agriaube
widely? A key obstacle to the use of agroecology ture initiatives. Major changes must be made in palso
is the demand for specificity in its application. Con- cies, institutions, and research and development agetn-
trary to conventional systems featuring homogeneous das to make sure that agroecological alternativesiae
technological packages designed for ease of adoptionadopted, made equitably and broadly accessible, 1asel
and that lead to agroecosystem simplification, agroe- multiplied so that their full benefit for sustainable foats4
cological systems require that principles are applied security can be realized. It must be recognized thatsa
creatively within each particular agroecosystem. Field major constraint to the spread of agroecology has heen
practitioners must have more diversified information that powerful economic and institutional interests have
on ecology and on agricultural and social sciences in backed research and development for the conventiomal
general. Today’s agronomy curricula, focused on ap- agroindustrial approach, while research and develag-
plying the “Green Revolution” technological kit, is ment for agroecology and sustainable approachesitvas
simply unfit to deal with the complex realities facing been largely ignored or even ostracized. Only in recant

1107
1108

8. Current limitations to the widespread use of
agroecology
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Table 5
Key constrains to implementing sustainable agriculture partner-
ships (modified fromThrupp, 199%

Macroeconomic policies and institutions
Pesticides incentives and subsidies
Export orientation and monocultural focus of
conventional policies
Lack of incentives for institutional partnerships
Pressures from agrochemical companies
Political and economic power wielded against IPM
Advertising and sales practices
Funding/donor issues and sustainability questions
Lack of funding, especially long-term support
Lack of recognition of IPM/sustainable agriculture benefits
Need for reducing dependency on donors and for
developing local support
Lack of information and outreach on innovative
alternative methods
Weak internal capacities of institutions involved
Institutional rigidities among some collaborators
Lack of experience with agroecology and participatory
methods
Social and health concerns sometimes neglected
Lack of communication and cooperation skills (among
some groups)

years has there been growing realization of the advan-

tages of alternative agricultural technologi€sdity,
1995.

The evidence shows that sustainable agricultural
systems can be both economically, environmentally
and socially viable, and contribute positively to local
livelihoods Uphoff and Altieri, 1999. But without
appropriate policy support, they are likely to remain
localized in extent. Therefore, a major challenge for
the future entails promoting institutional and policy
changes to realize the potential of the alternative ap-
proaches. Necessary changes include:

e Increasing public investments in agroecological—
participatory methods.

e Changes in policies to stop subsidies of conven-
tional technologies and to provide support for agroe-
cological approaches.

e Improvement of infrastructure for
marginal areas.

e Appropriate equitable market opportunities includ-
ing fair market access and market information to
small farmers.

e Security of tenure and progressive decentralization
processes.

poor and

17

e Change in attitudes and philosophy among decismnbe
makers, scientists, and others to acknowledge and
promote alternatives. 1198

e Strategies of institutions encouraging equitalies
partnerships with local NGOs and farmers; teso
place top-down transfer of technology model witfv1
participatory technology development and farmer
centered research and extension. 1203

9. Scaling up of agroecological innovations 1204

Throughout Africa, Asia and Latin America theteos
are many NGOs involved in promoting agroecologicals
initiatives that have demonstrated a positive impact.an
the livelihoods of small farming communities in varizos
ous countriesRretty, 199%. Success is dependent arpg
the use of a variety of agroecological improvements
that in addition to farm diversification favoring a betten1
use of local resources, also emphasize human capital
enhancement and community empowerment through
training and participatory methods as well as highaw
access to markets, credit and income generating actis-
ities (Fig. 4). Pretty and Hine’s (2001) analysis poiltis
at the following factors as underlying the successiaf
agroecological improvements: 1218

e Appropriate technology adapted by farmers’ expeto
imentation; 1220
e Social learning and participatory approaches; 1221
e Good linkages between farmers and external agen-
cies, together with the existence of working parizs
nerships between agencies; 1224
e Presence of social capital at local level. 1225

In most cases, farmers adopting agroecologiced
models achieved significant levels of food securnitys
and natural resource conservation. Given the benefits
and advantages of such initiatives, two basic questions
emerge: (1) why these benefits have not disseminated
more widely and (2) how to scale-up these initiatives:
to enable wider impact? For the purposes of this paz
per, scaling up is defined as the dissemination anel
adoption of agroecological principles over substantiah
areas by large numbers of farmers and technical stads.
In other words, scaling up means achieving a sigmis
icant increase in the knowledge and managementof
agroecological principles and technologies betwesa
farmers of varied socioeconomic and biophysiczab
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Improvements in use
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2
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2
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2. Intensification of a single sub- W
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ypical Effects on
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technologies resulting from changes
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of trust

o Reduced poverty and
social exclusion
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» Improved biodiversity
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[
|
L
(

components of
ecosystems

e Reduced pollution of
water, soils and air

7. Access to finance (credit,
grants, subsidies)

Improvements in 8. Add value by processing w /
Finance to reduce losses and increase
returns

/

9. Add value by direct or w
organised marketing of produce
to consumers

_/

Fig. 4. Entry points for sustainable agriculture improvements leading to more sustainable liveliRoetty &nd Hine, 2000

conditions, and between institutional actors involved
in peasant agricultural development.

One important factor limiting the spread of agroe-
cological innovations is that for the most part NGOs
promoting such initiatives have not analyzed or sys-

tematized the principles that determined the levehnf
success of the local initiatives, nor have been ablezte
validate specific strategies for the scaling-up of sugh
initiatives. A starting point therefore should be the unss
derstanding of the agroecological and socioeconorwig
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conditions under which alternatives were adopted and An unexplored approach is to provide additionads
implemented at the local level. Such information can methodological or technical ingredients to existings
shed light on the constraints and opportunities farm- cases that have reached a certain level of sucaess.
ers to whom benefits should be expanded at a moreClearly, in each country there are restraining factors
regional level are likely to face. such as lack of markets, and lack of appropriate

L

earning from
success and failures
* To enhance analytical \
and systematic learning Available germplasm
about the performance of * To ensure timely availability of quality
agroforestry innovations | | germplasm to meet development needs.
and the process * To analyse and compare the processes and
associated with scaling cost-effectiveness of different methods of
up, both at a range of supplying and producing sufficient quantities
different scales and from of germplasm.
the perspective of * To build the capacity of development
multiple stakeholders. partners, and especially farmers, to produce
and distribute, disseminate or diffuse quality

Qermplasm. \ /

Strategic partnerships

* Expand and strengthen links amongst
institutions and organisations with
complementary agendas, expertise,
resources and “reach”.

« To improve the efficiency and
effectiveness of partnership
mechanisms.

Market options

= 1o build local and institutional
capacity and develop strategic
partnerships in the marketing process.
* To improve marketing information
systems, define successful marketing
strategies and product development
plans, and help develop an enabling

Qaﬁcy ﬁ-ametlvork /

Policy options
+ To achieve a favourable policy climate
Jfor the scaling up, adoption and impact
\Of agroforestry.

\

Technology options

* To identify existing technical agroforestry options
that are likely to be appropriate in a defined and
characterized project area for farmer
experimentation, adaptation and adoption.

* To define the social, economic and biophysical
boundary conditions (recommendation domains)

of new potential agroforestry innovations.
I
Farmer-centred research and \
extension approaches
* Through participatory research, and in
collaboration with development
partners, to determine the adoption
potential of agroforestry innovations.
* Through participatory research, build
the capacity of farmers and
communities to become agents of

change and to take over some functions
of existing research and extension

e J
P

Knowledge/information sharing
* To ensure informed, effective and

SCALING UP
AGROFORESTRY
INNOVATIONS

A\
Gcilitation

* To mobilize both existing and
external expertise and
resources to support the
process of scaling up.
* To assist the coordination and
integration of the scaling-up
process within and between
countries and regions.
* To ensure the sustainability
and multiplier effect of scaling

Local institutional
capacity

\ and local communities. |

up through the empowerment of * To create broad-based appropriate decision making by a wide
\Ioca! institutions. support and effective range of stakeholders in the scaling-up
local implementation of process through the sharing of
scaling-up activities knowledge and information.
through the
empowerment of farmers

Fig. 5. Key requirements and components for the scaling-up of agroecological innovaiomse( and Denning, 2001
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agricultural policies and technologies which limit scal-
ing up. On the other hand, opportunities for scaling-up
exist, including the systematization and application of
approaches that have met with success at local levels
and the removal of constraining factolfRR, 2000.
Thus scaling-up strategies must capitalize on mecha-
nisms conducive to the spread of knowledge and tech-
niques, such as:

e Strengthening of producers’ organizations through
alternative marketing channels. The main idea is
to evaluate whether the promotion of alternative
farmer-led markets constitute a mechanism to en-
hance the economic viability of the agroecologi-
cal approach and thus provide the basis for the
scaling-up process.

e Develop methods for rescuing/collecting/evaluating
promising agreocological technologies generated
by experimenting farmers and making them known
to other farmers for wide adoption in various ar-
eas. Mechanisms to disseminate technologies with
high potential may involve farmer exchange visits,
regional-national farmer conferences, and publica-
tion of manuals that explain the technologies for
the use by technicians involved in agroecological
development programs.

e Training government research and extension agen-
cies on agroecology in order for these organizations
to include agroecological principles in their exten-
sion programs.

e Develop working linkages between NGOs and
farmers organizations. Such alliance between tech-
nicians and farmers is critical for the dissemination
of successful agroecological production systems
emphasizing biodiversity management and rational
use of natural resources.

Cooper and Denning (200pyovide 10 fundamen-

2.
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future attention needs to be focused on: 1307

1. Ensuring the policy environment is enabling rathem
than disabling; 1309
Investing in infrastructure for markets, transpaosto
and communications; 1311
3. Ensuring the support of government agencies:sin
particular, for local sustainable agricultural initiasis
tives; 1314
Developing social capital within rural communitiesis
and between external agencies. 1316

4.

The main expectation of a scaling-up process is that
it should expand the geographical coverage of pats
ticipating institutions and their target agroecologiaais
projects while allowing an evaluation of the impact oo
the strategies employed. A key research goal shasid
be that the methodology used will allow for a comnsz2
parative analysis of the experiences learned, extraet-
ing principles that can be applied in the scaling-upLef
other existing local initiatives, thus illuminating othes2s
development processes. 1326

10. Outlook and prospects 1327

There is no question that small farmers locatesh
in marginal environments in the developing worlgbo
can produce much of their needed foddpboff and 1330
Altieri, 1999; Pretty and Hine, 2000The evidence isi331
conclusive: new approaches and technologies spgaa-
headed by farmers, NGOs and some local govesss
ments around the world are already making a suffs4
cient contribution to food security at the househaleks
national and regional levels. A variety of agroecolagss
ical and participatory approaches in many countnies
show very positive outcomes even under adverse agas-
ditions. Potentials include: raising cereal yields framo

tal conditions and processes that should be consid-50 to 200%, increasing stability of production througiao
ered when scaling-up agroforestry innovations. More diversification, improving diets and income, contribut41
effective farmers organizations, research-extension in- ing to national food security and even to exports an
stitutional partnerships; exchanges, training, technol- conservation of the natural resource base and agwms-
ogy transfer and validation in the context of farmer biodiversity Pretty, 1995; Uphoff and Altieri, 1999 1344
to farmer activities, enhanced participation of small  Whether the potential and spread of these thousands
farmers in niche markets, etc. are all important require- of local agroecological innovations is realized depengs
ments Fig. 5. From their worldwide survey of sus- on several factors and actions. First, proposed NRM
tainable agriculture initiatives, Pretty and Hine (2001) strategies have to deliberately target the poor, andipmet
concluded that if sustainable agriculture is to spread only aim at increasing production and conserving nats
to larger numbers of farmers and communities, then ural resources, but also create employment, provide
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Table 6

Elements and contributions of an appropriate NRM strategy

Contribute to greater environmental preservation Promotion of resource-conserving multifunctional technologies

Enhance production and household food security Participatory approaches for community involvement and empowerment

Provide on- and off-farm employment Institutional partnerships

Provision of local inputs and marketing opportunities Effective and supportive policies
1351 access to local inputs and output markefable §. organizing, thus improving prospects for communitg:
1352 New strategies must focus on the facilitation of farmer empowerment and self-reliant development. 1392

1353 learning to become experts on NRM and at captur-  Third, major changes must be made in policies, itps
1354 ing the opportunities in their diverse environments stitutions, and research and development to make siure
1355 (Uphoff, 2002. that agroecological alternatives are adopted, mada®qg-
1356 Second, researchers and rural development prac-uitably and broadly accessible, and multiplied so that
1357 titioners will need to translate general ecological their full benefit for sustainable food security can tme7
1358  principles and natural resource management conceptsrealized. Existing subsidies and policy incentives fess
1350 into practical advice directly relevant to the needs conventional chemical approaches must be dismas-
1360 and circumstances of smallholders. The new pro-poor tled. Corporate control over the food system must also
1361 technological agenda must incorporate agroecolog- be challenged. The strengthening of local institutional
1362 ical perspectives. A focus on resource conserving capacity and widening access of farmers to suppart
1363 technologies, that uses labor efficiently, and on diver- services that facilitate use of technologies will be crites
1364 sified farming systems based on natural ecosystemical Governments and international public organiza4
1365 processes will be essential. This implies a clear un- tions must encourage and support effective partner
1366 derstanding of the relationship between biodiversity ships between NGOs, local universities, and farmenads
1367 and agroecosystem function and identifying manage- ganizations in order to assist and empower poor fatmz
1368 ment practices and designs that will enhance the right ers to achieve food security, income generation, aoe
1369 kind of biodiversity which in turn will contribute to  natural resource conservation. 1409
1370 the maintenance and productivity of agroecosystems. There is also need to increase rural incomes througt
1371 Technological solutions will be location-specific interventions other than enhancing yields suchias
1372 and information-intensive rather than capital-intensive. complementary marketing and processing activities2
1373 The many existing examples of traditional and Therefore equitable market opportunities should alse
1374 NGO-led methods of natural resource management be developed, emphasizing fair trade and other mect-
1375 provide opportunities to explore the potential of com- anisms that link farmers and consumers more direaths
1376 bining local farmer knowledge and skills with those The ultimate challenge is to increase investment anel
1377 of external agents to develop and/or adapt appropriateresearch in agroecology and scale-up projects that
1378 farming techniques. have already proven successful to thousands of other
1379 Any serious attempt at developing sustainable agri- farmers. This will generate a meaningful impact ong
1380 cultural technologies must bring to bear local knowl- the income, food security and environmental weHzo
1381 edge and skills on the research process (Richards,being of the world’s population, especially of thes:
1382 1995; Toledo, 2000. Particular emphasis must be millions of poor farmers yet untouched by moder2
1383 given to involving farmers directly in the formulation  agricultural technology. 1423
1384 Of the research agenda and on their active participa-

1385 tion in the process of technological innovation and

1386 dissemination. The focus should be in strengthening Uncited references 1424
1387 local research and problem-solving capacities. Orga-

1388 nizing local people around NRM projects that make  Browder (1989) Dewalt (1994) Gladwin andis2s
1389 effective use of traditional skills and knowledge pro- Truman (1989)Jimenez-Osornio and del Amo (1986)26
1390 vides a launching pad for additional learning and Lampkin (1992) Lappe et al. (1998)Ortega (1986) 1427
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