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Preface

At the request of the U.S. Agency for International Development (AID),
the Board on Science and Technology for International Development and
Board on Agriculture of the National Research Council (NRC) convened an
NRC-appointed panel and a group of experts for an open forum in Novem
ber 1990 on sustainable agriculture and natural resource management in
developing countries. The forum served as a departure point for 3 days of
intensive follow-up discussions of research priorities. Out of these discus
sions, the panel was asked to provide recommendations and guidelines for
establishing and managing the new Collaborative Research Support Pro
gram (CRSP) for Sustainable Agriculture and Natural Resource Manage
ment (SANREM) to support collaborative research between U.S. institu
tions and counterparts in developing countries. The recommendations of
the full panel are in Toward Sustainability: A Plan for Collaborative Re
search on Agriculture and Natural Resource Management (National Re
search Council, 1991).

An ad hoc subpanel met simultaneously to focus on the importance of
pest management in sustainable agriculture, especially in the developing
countries of the tropics. It was asked by AID to identify specific research
gaps, involving problems of global or regional importance, that AID's Bu
reau for Science and Technology, Office of Agriculture, could help to fill
and to assist AID in determining how integrated pest management (IPM)
could be incorporated into the activities of the new CRSP. A second meet
ing was held in March 1991 to further refine the subpanel's findings. The
first meeting was chaired by David MacKenzie from the U.S. Department of

ix
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Agriculture, and the second meeting was chaired by Clive Edwards from
Ohio State University.

While the subpanel's recommendations were not adopted in full by the
panel, they are reported here as a matter of information. The panel favored
the integration of IPM research into the SANREM CRSP rather than fund
ing IPM work as a stand-alone activity.

Concurrent with establishing the SANREM CRSP, the U.S. Congress
directed AID to devote special attention to the problem of pest management
in developing countries. Specifically, Congress directed AID to assess the
need for an agencywide IPM policy, set up an IPM task force, and complete
a review of the pest management sector. AID also was instructed to con
duct an environmental assessment of locust and grasshopper control activi
ties in Asia and Africa. In the course of its deliberations, the subpanel
focused on these directives.

In determining priorities for more effective IPM, the subpanel reviewed
not only current programs, but also the conceptual basis for and evolution
of IPM (Edwards et aI., 1991). Although there are diverse definitions of
IPM, most entail an approach to pest management that integrates a range of
methods and disciplines and that considers environmental, economic, and
social values in the process. The importance of better-integrated methods
of resource management is increasingly recognized within the international
development community, and IPM seeks to provide them.

In opening remarks at the first meeting of the subpanel in November
1990, William Overholt of AID's Bureau for Science and Technology, Of
fice of Agriculture, outlined the following issues and questions that AID
faces in upgrading its pest management efforts, and that the subpanel would
take these into consideration in its deliberations:

• Host countries often suffer from poor infrastructure (for example,
roads and communications), weak or nonexistent institutions (for example,
research facilities), and low wages. Simply training more workers is rarely
an adequate solution, and one that can create management dilemmas. How
should AID strengthen institutions, taking into account the problems of
increased recurrent costs to local governments?

• What kind of institutions are necessary for the programs AID should
support? What kinds of human capabilities are needed? How should AID
activities fit into the international efforts of U.S. universities, other univer
sities, the Food and Agriculture Organization (FAD) of the United Nations,
and other international organizations?

• Should priority be given to countries with "enlightened" policies
for pest management? Should countries with high pesticide subsidies, for
example, be given lower priority than those (such as Indonesia) that subsi
dize IPM?

• Because AID does not have a solid cadre of people to help imple-
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ment programs, it relies increasingly on short-term outside assistance. Should
AID strengthen its internal ability to deliver pest management programs, or
should it rely on outside contracts?

• With the Consortium for International Crop Protection project scheduled
to end in September 1991, about $600,000 each year will become available
for pest management, with the possibility of additional funds in the future.
What should AID fund with $2 million, $1 million, or $500,000 per year?
Should an IPM CRSP be created to complement the SANREM CRSP?

• The pest committee of the Consultative Group on International Ag
ricultural Research (CGIAR) recently reviewed the pest management effort
of the CGIAR system and suggested that it receive increased attention from
donors through the creation of an IPM network. The committee's members
believe that breeding plants for resistance to pests is being given too much
emphasis relative to other aspects of pest management. How should AID
work though the CGIAR system to address some of these issues? How
should AID coordinate its activities with other donors and organizations,
including the United Nations Development Program, FAO, U.S. federal agencies,
and the private sector?

Dr. Overholt also pointed out that the IPM subpanel met at an impor
tant juncture in the course of current AID pest management activities. The
Vertebrate Pest Management Project, implemented through the U.S. Depart
ment of Agriculture's Animal and Plant Health Inspection Service at its
Denver Wildlife Research Center, ceased operating in December 1990. AID
funding for the Consortium for International Crop Protection Project re
cently ended, but the consortium still exists. The AID continues to support
projects that involve pest management activities within existing CRSPs
especially the bean-cowpea, sorghum-millet, and peanut CRSPs-as well as
within ongoing biotechnology projects, projects addressing special constraints,
and non-CRSP collaborative research projects. The IPM subpanel reviewed
this past and current work, and suggested structural changes for the future.

One function of this review is to recommend support and service pro
grams for AID's regional bureaus and missions. AID operates under a wide
variety of conditions, in a wide range of countries-from Central America,
where the production of nontraditional export crops (such as cotton) in
volves heavy pesticide use, to countries where subsistence agriculture pre
vails and pesticide use is minimal. The mandate of the Office of Agricul
ture in AID's Bureau for Science and Technology is to bring scientific and
technologic expertise to bear in addressing constraints on agricultural de
velopment. The problems to be solved must be chosen carefully, and pref
erence must be given to those of regional or global importance. The IPM
program for rice in Southeast Asia is widely considered one of the most
successful IPM efforts in the developing world. The subpanel was specifi-
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cally asked to identify features of that program that are applicable to other
areas.

AID's Office of Agriculture currently considers pest management to
encompass all management activities, including technical assistance to mis
sions in countries where there are pest outbreaks, pest eradication efforts,
quarantine and other exclusionary methods, locust control efforts, environ
mental assessments and related nonresearch activities, as well as support for
research (including research on IPM). The subpanel has considered this full
range of activities in its review.
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Executive Summary

In developed and developing countries alike, the loss of crops to pests
including invertebrates (insects, mites, and nematodes), vertebrates (pri
marily birds and rodents), plant pathogens (fungi, viruses, viroids, myco
plasmas, and bacteria), and weeds-is a significant problem. As awareness
of the economic costs and environmental consequences of the indiscrimi
nate use of pesticides and other chemicals has grown, alternative agricul
tural practices have received increasing attention. In particular, attention to
the concepts, practices, and scientific basis of integrated pest management
(IPM) has expanded. IPM seeks to manage pest populations and minimize
crop loss in an economically efficient and environmentally sound manner.
As such, it is an important component of sustainable agriculture, although
there has been insufficient implementation experience to demonstrate its
effectiveness adequately.

IMPEDIMENTS TO INTEGRATED PEST MANAGEMENT
IN DEVELOPING COUNTRIES

The adoption of IPM in developing nations is hindered by technical,
institutional, socioeconomic, educational, and policy constraints, almost al
ways as a result of the lack of adequate recognition of the potential of IPM
as an asset to sustainable agriculture, because of the lack of demonstrable
effectiveness. Governments and donor agencies rarely offer adequate sup
port for research and development, education, or training in IPM, and these
groups often fail to consider the conditions of employment of extension
personnel and the legal requirements for sound pest management practices.

1



2 TOWARD SUSTAINABIUTY: INTEGRATED PEST MANAGEMENT

Technical Constraints

The principal technical constraint is the inadequate scientific understand
ing of the natural factors that influence the abundance of pests and their
natural control agents. More information is needed for developing effective
biocontrol. Biocontrols may involve the direct use of parasites, predators,
and microbial agents or the use of biologically based compounds. Greater
attention must be given to the screening of plants, microbes, and other
organic sources of compounds (biorational pesticides) that induce resis
tance, actively suppress pests, or disrupt pest life processes. The elucida
tion of the structures, toxicity, and mechanisms of action in the compounds
of biological origin is critical. Research on synthetic pesticides should
focus on the development of more selective strategies for their use and on
improved methods for their on-farm management.

Long-term research is needed on cultural methods of pest control, includ
ing the pest management tactics used in traditional farming systems, the
effects of alternative no-till or low-till methods, and the increased use of
organic fertilizers and mulches in farming systems. Research should focus
on the relationships between various cultural methods, nutrient cycles, and
agroecosystem biodiversity. Innovative and traditional multiple-cropping
systems (including polyculture and crop rotation) should be researched for
their effects on pest populations, crop losses, and intervention needs. Re
search also is needed on the ecology and population dynamics of both pest
and biocontrol species and on the integration of pest control measures.

Biotechnology offers a variety of potentially powerful new techniques to
supplement traditional methods of crop breeding for host plant resistance
and to suggest areas for research on pest and biocontrol agent population
dynamics and pest management strategies. Research on host plant resis
tance is likely to progress more rapidly with the advent of biotechnology
and plant genome mapping, and new diagnostic tools are being developed to
detect, monitor, and predict shifts in pest populations. However, with the
increasing application of biotechnology to IPM research, much greater at
tention needs to be given to the basic biology of all agroecosystem organ
isms, to the issues of biosafety, and to the development of more comprehen
sive approaches to the recognition and protection of intellectual property
rights. These issues need to be addressed if the potential of biotechnology
to enhance IPM is to be realized.

Institutional Constraints

Research on IPM is hindered by many of the same institutional con
straints that inhibit research on sustainable agriculture and natural resource
management more generally. The research needed to develop and imple
ment effective IPM programs in developing countries is necessarily site
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specific, long term, interdisciplinary, interinstitutional, and international.
Financial and institutional support for this research is limited and difficult
to obtain, and the research often is inadequately encouraged or rewarded. If
progress is to be made on the technical questions noted above, greater
support must be given to interdisciplinary collaborative research on IPM.

Socioeconomic Constraints

In all agricultural regions, but especially in developing nations, the rate
at which IPM is adopted is determined largely by social and economic
conditions. Effective development and implementation of IPM is frequently
impeded by complex socioeconomic factors, including the inaccessibility of
resources (including control agents and credit), inadequate land tenure and
common property management arrangements, the absence of incentives to
adopt IPM, and the failure to train farmers in IPM. Research must address
these issues, as well as labor constraints and risk management, and must
involve farmer perceptions in planning and implementation.

Educational Constraints

Implementation of sound IPM is limited by weak extension services in
most developing countries. There is a lack of trained personnel to learn
about the specific problems and perceptions of farmers and to provide feed
back between farmers and the research community. Technical assistance
programs have focused primarily on educating research personnel in techni
cal measures to control major pests. Moreover, because the potential of
IPM is often unappreciated by government officials, there is little funding
for career IPM personnel after technical assistance programs end.

Policy Constraints

Regional and national policies frequently are inadequate for, and even
counterproductive to, the implementation of IPM. Regional development of
IPM is hindered by a relative lack of support for sustainable development
generally. There is less support given to scientific research and develop
ment than is given to technical assistance projects. There is poor coopera
tion among countries in programs to control the spread of introduced pests.
Efforts to prevent damage from migratory pests through selective interven
tion are inadequate. Progress in the entire field of pest management is
hindered by ineffective research and implementation programs as a result of
shifting priorities in donor agencies and host governments.

Government positions on pesticides-especially regarding the extent to
which they are subsidized and used in the input packages for the so-called
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green revolution crops-are often major impediments to the adoption of
IPM. Governments typically pay insufficient attention to several critical
aspects of effective pest management including the need to reduce the intro
duction of pests to new regions; the need to develop quarantine rules, trans
port restrictions, and other pest control regulations; the need to promote
research, development, and extension of appropriate pest control method
ologies; the need to manage the use of synthetic pesticides and other agri
cultural chemicals; and the need to establish rules for large-scale pest con
trol and emergency procedures.

SUPPORT FOR PEST MANAGEMENT FROM THE
U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT

To overcome these obstacles and generate greater support for the devel
opment, dissemination, and implementation of IPM, the pest management
program of the U.S. Agency for International Development (AID) should
demonstrate the effectiveness and advantages of IPM. It should coordinate
technical, economic, social, and policy activities with IPM implementation
strategies; focus on IPM training and implementation programs; and strengthen
technical services related to environmental assessment, assistance with quarantine
and other regulations, and related areas of policy and administration.

The agency currently supports pest management projects within existing
collaborative research support programs (CRSPs) and in biotechnology, special
constraint, and non-CRSP collaborative research projects. These projects
deserve greater recognition and allocation of resources. The stable funding
provided by CRSPs is particularly important for pest control research, tech
nology dissemination, and implementation. IPM research should not be a
stand-alone activity; it should be integrated with sustainable agriculture
programs and projects. AID-sponsored research should be highly respon
sive to the farmer-its client-and must embrace support from beyond the
traditional university community. Private voluntary organizations, nongov
ernmental organizations, and private enterprises should assist. AID should
allocate funds for collaborative research through a program of competitive
grants. Some seed money might be provided for small-scale private pest
management enterprises.

Collaborative Research Support Program for
Sustainable Agriculture and Natural Resource Management

The Sustainable Agriculture and Natural Resource Management (SANREM)
CRSP should focus on developing new IPM technology as a fundamental
aspect of its work. Research on IPM within the SANREM CRSP should be
integrated with research on cropping systems, nutrient management, and the
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socioeconomic context of agricultural development. Various means of technology
transfer and implementation also should be evaluated. The SANREM CRSP
should develop IPM cropping systems at one or more locations, while serv
ing as a base for the building of regional and global information networks
involving IPM and sustainable agriculture.

Existing Collaborative Research Support Programs

The agency should encourage existing CRSPs to focus on IPM as a major
component of their commodity research. The existing CRSPs should be
required to supplement IPM activities in the SANREM CRSP. AID should
work through the existing CRSPs to develop site- and crop-specific IPM
practices.

Collaborative Research Support Program for
Integrated Pest Management

The existing CRSPs cannot cover all possible sites and problems. AID's
pest management program should have the flexibility to fund research on
IPM that complements and strengthens research done in the existing CRSPs.
Important gaps in knowledge about IPM components-for example, par
ticular pests, crop needs, and local cultural constraints-will require special
attention from AID, either because they are important to client countries
and commodities or because they contribute to solving IPM problems in
client countries.

The importance of focused attention on IPM as a development objective
will require additional support for research in locations not covered under
existing CRSPs. The research should be undertaken administratively either
through an IPM CRSP or through a suitable integrated IPM project. The
advantages of the CRSP mechanism in providing stable funding, informa
tion networks, scientist-directed management procedures, training and tech
nical assistance, and in-place oversight make it the preferable option. An
IPM CRSP would complement the new SANREM CRSP and supplement
the work of the other CRSPs, providing balance and breadth to AID's initia
tives on sustainability in developing countries.

Nonresearch and Service Activities

The agency should devote greater attention to research on IPM, but it
must also continue its important support, through technical advisory, train
ing, and other service activities, for effective response to pests. These are
the responsibility of a public agency, because returns cannot be captured by
private investors, but the net economic impact is highly positive. More-
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over, AID should continue to serve in its critical role as an adviser to
developing countries on matters of policy and regulation (involving, for
example, plant and pest quarantine, pesticide use and management, environ
mental assessment, movement of biologic materials, and intellectual prop
erty rights and patents), which also are important components of U.S. for
eign policy and technical assistance.

RECOMMENDATIONS

The recommendations outlined below will assist AID in devising and
encouraging more effective IPM programs in developing countries.

Interdisciplinary and Cross-Sectoral Collaboration

AID should provide increased support for interdisciplinary and cross
sectoral collaborative research on IPM.

Integrated pest management is an interdisciplinary undertaking, and re
searchers have had to confront the professional and conceptual barriers that
make interdisciplinary work difficult. At the same time, successful imple
mentation of IPM requires collaboration among scientists and farmers, farmers'
organizations, agribusiness, governmental agencies, donor agencies, and
nongovernmental organizations. Only a strong institutional commitment to
interdisciplinary and cross-sectoral collaboration can ensure that informa
tion about and implementation of IPM will continue to expand.

Information on the Components of Integrated Pest Management

AID-supported research should yield information about the components
of IPM within the context of agroecosystems.

There is considerable information about ecologically sound approaches
to some components of IPM, even though many components and pests have
received insufficient attention. Because IPM is highly site specific, re
search projects should emphasize the need for information about various
agroecosystem components (such as soil and water conditions, rainfall dis
tribution, and socioeconomic factors) and their interactions, rather than about
particular pests or crop problems. In all cases much work remains to be
done.

Information on the Effectiveness of
Integrated Pest Management Systems

Research on IPM should include consideration of the social and eco
nomic determinants of successful implementation.
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More and better information about what determines the effectiveness of
IPM is critical. More specifically, there is a great need for information
about the economic benefits of IPM to individual farmers as well as to
entire nations. Information about the social aspects of successful imple
mentation is needed to promote institutional support for IPM research, ex
tension, and low-cost training of farmers.

Collaborative Research Support for Integrated Pest Management

AID should require existing CRSPs to include IPM as an identifiable
component of their programs. The SANREM CRSP should include IPM as a
major component. A new IPM CRSP should be established to provide a
focus for future research.

In all of its collaborative research programs, AID should encourage inno
vative approaches to interdisciplinary IPM research. The site- and crop
specific nature of IPM and the importance of focused attention on IPM also
require additional research support through an IPM CRSP or other suitable
mechanism. An IPM CRSP should receive the same support given to exist
ing CRSPs (now about $2.5 million per year), and an additional $500,000
per year should be provided for research and implementation of IPM within
existing AID-funded projects. A further $1 million per year should be
designated for nonresearch technical assistance and for any training CRSPs
are unable to provide.

Research Proposals

AID should award research grants through a competitive, peer-reviewed
process.

Research proposals should take into account the general constraints de
scribed above and should be designed to support work that strengthens the
existing research infrastructure in selected countries and enhances the abil
ity of national programs to develop and implement local IPM systems. Spe
cifically, research proposals should demonstrate opportunities to gather in
formation on agroecosystem components and interactions and should indicate
attention to indicators of success, economic incentives, social considerations,
training, institution strengthening and integration of activities, and policy
concerns. Proposals should meet the following criteria:

• Relevance of agroecosystem characteristics at the research site;
• Potential to develop ecologically sound, sustainable integrated pest

management;
• Potential for regional and global adaptability;
• Suitability for interdisciplinary research and the involvement of farm-
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ers, extension services, nongovernmental organizations, and private volun
teer groups;

• Commitment of their local government to the project and potential for
linkages among institutions and sectors;

• Experience of the investigators and a knowledge base;
• Capacity for training farmers; and
• Potential for collaboration with CRSPs, national agricultural research

systems, and international agricultural research centers (IARCs), and for
contributing to the proposed IARC IPM network.

Policy Support for Integrated Pest Management

AID should seek to improve the policy climate for IPM by securing addi
tional personnel, by encouraging national governments to adopt policies
that facilitate and support IPM, and by adopting specific policies in support
of sustainable agriculture activities that include IPM.

Within AID, increased funding and continued support should be given to
IPM research and implementation. AID also should improve the policy
climate for IPM through its missions in client countries. All missions should
include identifiable IPM components in their food and agriculture programs.
They should work with host governments to develop policies that encourage
the adoption of IPM in the public and private sector for the benefit of
farmers and consumers. They should also adopt policies that improve farm
ers' land tenure and access to other resources. Finally, AID should collabo
rate with other donors and AID client countries in policy actions in support
of IPM and sustainable agriculture in general. Specifically, governments
should be encouraged to review regional and national programs that now
encourage overuse of chemicals for crop protection; establish incentives for
nonchemical control tactics; and adopt regulations to govern plant and pest
quarantine, pesticide use, and environmental impact assessment.



1

Constraints on
Research and Implementation

In developed and developing countries alike, the loss of crops to pests
including invertebrates (insects, mites, and nematodes), vertebrates (pri
marily birds and rodents), plant pathogens (fungi, viruses, viroids, myco
plasmas, and bacteria), and weeds (including parasitic plants)-is a significant
problem. As awareness of the economic costs and environmental conse
quences of the indiscriminate use of pesticides and other chemicals has
grown, alternative agricultural practices have received increasing attention
(National Research Council, 1989). In particular, greater attention has been
given to the concepts, practices, and scientific basis of integrated pest man
agement (IPM), which seeks to manage pest populations and minimize crop
losses in an economically efficient and environmentally sound manner. As
such, IPM is an important component of sustainable agriculture, which is
defined as follows in Toward Sustainability: A Plan for Collaborative
Research on Agriculture and Natural Resource Management (National Re
search Council, 1991):

[S]ustainable agriculture is ... agriculture and all its interactions with
society and the greater environment ... long-term maintenance of natural
resources and agricultural productivity, minimal adverse environmental impacts,
adequate economic returns to farmers, optimal crop production with mini
mized chemical inputs, satisfaction of human needs for food and income,
and provision for the social needs of farm families and communities.

Over the years, the scientific literature has offered many definitions of
IPM. This report uses the one developed by the congressional Office of
Technology Assessment (1990): ''The optimization of pest control mea
sures in an economically and ecologically sound manner, accomplished by

9
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the coordinated use of multiple tactics to assure stable crop production and
to maintain pest damage below the economic injury level while minimizing
hazards to humans, animals, plants and the environment." The development
of IPM systems under this definition requires a working knowledge of the
physical and biologic characteristics of various agroecosystem components,
as well as the social, economic, and cultural factors that influence the man
agement decisions of farmers.

Integrated pest management is not one single program of specified ac
tion, but a dynamic approach to pest management that is ecologically sound
and that empowers farmers to better manage their resources. IPM is highly
site and crop specific; the varieties and relative importance of pests and the
threats they pose vary with location and time. Recently introduced species,
migratory pests, and acquired resistance all call for special attention in any
IPM program because of the possibility of uncontrolled pest outbreaks.
Although it is not necessary to know everything about an agroecosystem to
develop and implement effective IPM strategies, further progress in imple
menting IPM does require an awareness of what is known about pest man
agement, what the alternatives are to current practices, and where the im
pediments are that hinder widespread adoption of IPM.

CONSTRAINTS ON EFFECTIVE
INTEGRATED PEST MANAGEMENT

The key to making agriculture more sustainable-and to further the
development of IPM as a basic strategy of sustainable agriculture-is to
overcome the barriers to sustainability. Progress in devising new or more
effective IPM programs in developing countries will require attention in
five areas: technical information, interdisciplinary collaboration, the socio
economic context, outreach and extension services, and public policy.

These areas are discussed in the remainder of this chapter, and they
provide the framework within which the aims and methods of IPM research
need to be considered. Research objectives should focus on constraints to
overall productivity. Support must be given to multidisciplinary collabora
tive research and to projects that demonstrate the effectiveness of IPM. On
farm experiments and implementation should have the aim of blending tra
ditional with modem knowledge. Farmers should be involved as close and
active partners at all stages in the research, development, and education
process. The complex nature of research on IPM will require the long-term
commitment of resources and personnel, and additional funds will be needed
to support interdisciplinary investigations.

The implementation of IPM programs in developing countries also will
require greater support for activities that are not directly tied to research,
including training programs, technical assistance, and advisory services.
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The capacities of developing-country institutions in these areas need to be
strengthened to respond effectively to short-term pest outbreaks as well as
to longer term concerns about plant and pest quarantines, environmental
assessments, and the regulation and management of pesticides. Although
these activities will focus on the needs of farmers, they will require the
active collaboration of major donor agencies and lending institutions, inter
national agricultural research centers, national agricultural research systems,
university researchers and extension agents, private voluntary and nongov
ernmental organizations, the U.S. Department of Agriculture, the U.S. Envi
ronmental Protection Agency, local regulatory agencies, consultants,
agribusinesses, food processors, and consumers.

TECHNICAL INFORMATION

Development of IPM systems often is hindered by a lack of technical
information about biologic, cultural and mechanical, and chemical control
methods and about the interactions among them in managing the pests within
particular agroecosystems.

Biocontrol

The use of classical biocontrol-the destruction or limitation of one
organism within an agroecosystem by another-is common in developing
countries. Farmers traditionally have used various biological and cultural
control methods to suppress pests (Thurston, 1990). The most common
techniques involve the use of crop rotation and fallows and the application
of organic matter (such as green manure, mulch, and compost) to crops.
However, the effectiveness of traditional methods has been altered by changes
in crops and crop varieties, the increased use of fertilizers and other chemi
cals, changes in rotation schedules, nutrient depletion, reductions in fallow
periods, and widespread deforestation (with its attendant effects on local
and regional climate, soil and water resources, and biotic interactions). Al
though these factors are common in many developing countries, their ef
fects on pest populations need to be analyzed and understood for each
particular agroecosystem.

Strengthening the indigenous capacity of developing countries to iden
tify, produce, and distribute information about effective biocontrol agents
and cultural methods is vitally important. Local production of biocontrol
agents and disease-free planting stock would allow these countries to in
crease crop yields, save on foreign exchange, reduce environmental degra
dation, and create local industries. Developing countries also would benefit
from assistance in the form of training, equipment, and technical guidance
for the development, production, and distribution of bacterial, viral, bacte-
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Biotechnology, Host Plant Resistance, and
Integrated Pest Management

Many scientists and others consider host plant resistance to insect
pests a form of biocontrol. Traditional plant breeding for resistance to
pests has been well supported by current programs of the national
agricultural research systems in developing countries and the interna
tional agricultural research centers of the Consultative Group on Inter
national Agricultural Research. Recent advances in molecular biology
allow scientists to overcome species barriers and to genetically alter
plants, animals, and microbes in ways not possible in the past (Nation
al Research Council, 1990), and several organisms have been geneti
cally altered to enhance particular traits. In the United States, trans
genic plants have been studied in some 200 field trials.

Research on host plant resistance and the dynamics of pest popula
tions should move rapidly with the advent of biotechnology and plant
genome mapping. With transposon tagging, scientists will be able to
locate the genes for resistance to pests and to identify the products of
those genes. The genetic sequences can then be cloned and transferred
to other plant species, either as gene pyramids or, as the technology
develops, as quantitative trait loci to produce horizontal resistance.

The techniques of biotechnology also will help to elucidate varia
tions in pest populations-a major problem for producing some types
of resistance in some crops. Technology is now being developed to
use the diagnostic techniques of biotechnology so that shifts in patho
gen populations can be detected, traced, and monitored and to allow
predictions of changes at the local level. These techniques also will be
useful for studying the population dynamics of biologic control agents
and other types of organisms that live in association with crop plants
(for example, Rhizobium species associated with legumes).

Three important issues are emerging from the recent application of
biotechnology to !PM research. The first is that there is not enough
information about the basic biology of many of the organisms of inter
est in biocontrol. The current ability to explain the physiology and
biochemistry of interorganism relationships can be described as primi
tive at best. The tools of molecular genetics are just now being applied
to model systems, but in many cases the economically important spe
cies used in agriculture have not been included.

Biosafety is the second issue. Agricultural research, by its very
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nature, requires field plot testing that can endanger public health or the
environment. In many instances, biotechnology field tests are subject
to regulation, even though there is little international concurrence about
how and what to control. In some cases, biosafety regulations consti
tute artificial trade barriers for products of biotechnology. There is a
great need for international coordination of biosafety principles and
concepts to ensure that regulatory decisions are based on the best pos
sible science.

The third issue is that of intellectual property rights and the protec
tion of discoveries in biotechnology. The United States is different
from many countries in providing proprietary rights to breeders for
their genetic improvements to crop species. This policy has angered
individuals and institutions in other countries, and it is said to have
contributed to diminished cooperation in germplasm collection between
U.S. scientists and foreign scientists. At the same time, the securing of
intellectual property rights for local and indigenous cultural groups is
an increasingly important step in the effort to conserve biodiversity,
especially in the tropics. Recognition of these rights can provide criti
cal economic benefits to local people in return for their knowledge of
wild and domestic biologic resources-at a time when those resources
are under increasing threats from competing land uses. Mixed signals
are now being sent in the international scientific community regarding
the availability of germplasm, the role of patents, and the recognition
of intellectual property rights. If this issue is not resolved quickly, the
international repercussions within the scientific community will be dev
astating.

Biotechnology offers potentially powerful means of manipulating
genetic material for the development of pest resistance, but it does not
shorten the time required to adapt new strains to local environments.
Ten to 15 years could pass before research on pest-resistant strains of
crops leads to generally available materials for farmers. AID's Office
of Agriculture is planning to support plant biotechnology research,
including the development of pest-resistant strains of crops, through a
separate program of competitive grants.

It seems safe to conclude genetic engineering will make major con
tributions to IPM in the next 10 years, but this will require a greater
commitment to research in basic biology, a clearer understanding of
the biosafety issues involved in field testing, and a more comprehen
sive approach to intellectual property rights and research products.

13
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rial, or fungal biopesticides and cultural techniques that aid the process of
biocontrol. The absence of such packages is a serious technical constraint
on implementation of IPM.

Research on enhanced methods of biocontrol should begin with more
complete surveys of biodiversity within agroecosystems to identify benefi
cial organisms, their modes of action, and their potential utility in plant
protection. New pest pathogens need to be identified, and the use of viral,
bacterial, and fungal biopesticides holds potential. Some soil fungi, for
example, inhibit plant infestation by nematodes by attacking cysts or eggs.
Introduced pests have been the focus of much of the recent research in
biocontrol, and concerted efforts should be devoted to identifying biocontrol
agents for native pests (especially locusts) and parasites. Greater emphasis
should be given to bacterial and fungal toxins for weed control. Other
research needs include standardized detection and screening protocols; stan
dardized protocols for bioassays of efficacy and toxicity of biocontrol agents;
simpler fermentation techniques for preparing formulation of biocontrol agents;
better formulations for candidate pathogens; and improved methods, includ
ing genetic engineering, for overcoming resistance.

Chemical Control

In this discussion, chemical control concerns the use of biopesticides,
botanical pesticides, semiochemicals (natural chemicals produced by insects
or by plants as signals to affect insect behavior), and other agents whose
effectiveness is based on particular chemical compounds. The use of syn
thetic pesticides in appropriate amounts in IPM programs also is discussed.

Biopesticides

Bacillus thuringiensis, a bacteria widely accepted as a biocontrol agent,
has been in use for more than 40 years to control insect pests without
harming humans, animals, and many beneficial insects. However, it is
being marketed commercially in developing countries with mixed results,
and it is not clear that the preparations developed for use in the United
States or in Europe are suitable elsewhere. Genetically engineered strains
of B. thuringiensis that are specific for similar groups of insects have been
produced to solve this problem. However, there are concerns about insect
resistance as a result of widespread and careless application, and it is im
portant that B. thuringiensis be seen as only one of several control options.

Plant growth promoting rhizobacteria (PGPR) hold promise when ap
plied as seed treatments for plant pathogen control. Two products have
been marketed. They have shown benefits for cotton, peanuts, and beans.
Other PGPR products are being researched. PGPR can provide control by
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(1) improving root efficiency (water and nutrient uptake) nodulation, pro
duction of antibiotics, and competition with pathogens for limiting nutrients
or infection sites and (2) inducing resistance.

Botanical Pesticides

Three broad categories of natural plant products are used to control
insect pests: botanical pesticides, such as pyrethrin and rotenone; repellents
and antifeedants, such as asarones from Acorus calamus, azadirachtin from
neem, and other isolates; and whole plants that are effective in the protec
tion of stored grain.

Although many botanical pesticides have seen long use, few have re
ceived detailed scientific examination. The effects of azadirachtin, which
comes from the neem tree, Azadirachta indica, have been known in India
for millennia, but the pesticide has been chemically characterized only re
cently; it is close to being synthesized in the laboratory (National Research
Council, 1992). Although many botanical pesticides are known only to
local farmers and to a handful of medicinal-plant specialists, they often are
locally available and could be produced and used by farmers themselves or
as a cottage industry.

If botanical pest control agents are to be more widely used, many prob
lems will have to be overcome. For example, the best known products in
this class-pyrethrin and rotenone-are not persistent and they affect pests
and beneficial species alike. Neem is more of a systemic repellant or
antifeedant (rather than a lethal toxin) that affects plant-feeding insects, and
it has no apparent effect on wasps or bees. Several other problems can be
identified:

• Natural pesticide preparations often break down in heat, humidity,
and ultraviolet light. Many of them are effective only in uneconomically
large doses. Safe and effective extracts, such as the proteinoids from Tephrosia,
must be developed systematically.

• More effective application methods are required. For example,
many natural products are applied as a spray, and unless they are systemic,
like azadirachtin, they do not penetrate stems to kill stem borers.

• Research is needed on the propagation of effective plants. Methods
such as tissue culture and micropropagation must be developed to mass
produce selected cultivated varieties. Production of secondary metabolites
in mass culture could be possible in some cases.

• Screening of untested plants, based on local and indigenous knowl-
edge, requires careful selection of information and better methodology. Standard,
replicable, scientifically sound bioassays are necessary to determine effec
tiveness.
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• Field use of antifeedants can be problematic. Because they tend to
be pest specific and require high dose rates, antifeedants are often expen
sive, and insects adapt to them. Plant oils could be interesting and useful
exceptions. Plant compounds that are active against oviposition, virus transmission
by vectors, growth, or reproduction should be examined. Plant-derived
neuropeptides (muscle contractors) could offer new research possibilities.

• Research on the safe use of all biopesticides is needed. The ab
sence of guidelines for safety in the use and local preparation of these
products is a major concern. Careful attention must be given to effects on
nontarget pests and to toxicity to birds and mammals.

• Multidisciplinary research, involving teams of chemists, plant pa
thologists, weed scientists, nematologists, entomologists, economists, and
sociologists, is needed to assess both the biologic effectiveness and the
cost-effectiveness of botanical pesticide use and the acceptability of these
methods to farmers.

• Research needs to be broadened to include antifungal, nematocidal,
and herbicidal activity and other effects.

• The mechanisms of natural products' actions need elucidation. For
complex chemical structures such as azadirachtin from neem, for example,
only a portion of the molecule might be needed for active pest suppression.

Pheromones

Pheromones and kairomones are insect hormones that can be used with
great specificity in the monitoring of pest populations, to trap and kill pests,
and to confuse mating behavior. However, their use in biocontrol is limited
by several factors. They are effective for use in monitoring and for disrupt
ing mating behavior, but they must be combined with other agents to con
trol pests. Analytical research on their structure and occurrence is expen
sive and requires sophisticated equipment. Although the specificity of pheromones
allows environmentally benign control of specific pests, effective mixtures
need to be developed to control several pests simultaneously. Many phero
mones are unstable in the tropics. Through minor changes in chemical
structure, pheromones can become inactivated or even transformed into re
pellents.

To be useful on small farms pheromone formulations need to be more
effective and less expensive. Currently, pheromones have only limited value
for individual farmers, who use them primarily in traps as indicators of the
type and quantity of pests. Only limited information is available on the
relationship between pheromones and host plant characteristics, the weather,
their effects on natural enemies, and what happens when applications are
made in mixed or intercropping situations. Because few pheromones are
available commercially, use in developing countries is limited. Currently,
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for pheromones to be of value to the small farmer, they must be part of a
pest management package.

Synthetic Pesticides

Synthetic pesticides are often viewed as the most effective or only
solution to serious pest problems in developing countries. However, the
well-known problems of pest resistance, pest resurgence, secondary pest
outbreaks, environmental contamination, and toxic effects make their exclu
sive use economically, environmentally, and socially unacceptable outside
an IPM system. IPM programs can include selective use of some synthetic
pesticides, but improved methods of pesticide management are critical.
Unfortunately, overuse and misuse of synthetic pesticides is in many devel
oping countries a serious impediment to IPM implementation (Edwards,
1973a,b, 1985; Edwards et al., 1980). Farmers often have little or no basic
information or training before they supply synthetic pesticides. Although
they often have considerable knowledge of the agroecosystems in which
they work, they usually must rely on sources outside their traditional cul
tures for information regarding synthetic pesticides.

Mechanical and Cultural Control

Before the advent of modern pesticides, farmers controlled pests prima
rily through the manipulation of farming practices and materials. Attention
has again turned to these mechanical and cultural methods of pest control
because of their positive effects on agroecosystem stability, diversity, and
productivity.

Mechanical Operations and Cultivation

Different methods of tillage and cultivation are important in pest con
trol and should be taken into account in designing farm management sys
tems that maximize pest control. Tillage practices influence the incidence
of pests by generating changes in soil structure and biota, the location of
plant residues, and the ecology of weed species. Conservation tillage can
produce a different spectrum of weeds, with lower populations of species
that need to have their seeds buried to germinate, and higher numbers of
species that are controlled by cultivation. Similarly, reduced cultivation
causes some pests to decrease and others to increase (Stinner and House,
1990).

Systematic, long-term research has begun to yield better information
about the effect of tillage and cultivation methods on pest populations, but
most of this research has been conducted in agroecosystems in the temper-
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ate zone. In the temperate regions, moldboard plowing has long been used
to invert the soil, bury crop residues and weeds, and prepare a seed bed for
the next crop. Since the 1960s, however, there has been a trend toward less
and shallower tilling-culminating in so-called "no-till" practices, in which
seeds are planted beneath the residue of the previous crop. This can require
heavy use of herbicides, but considerable research is being done on ways to
minimize their use, and much of this research is applicable to tropical soils
(Edwards et al., 1990; National Research Council, 1989). Many of the
conservation tillage methods being developed require special machinery. It
is possible that some of this evolving technology could be approved for use
in tropical agroecosystems.

Nutrient Management

Plant nutrition and nutrient management techniques profoundly influ
ence the amount of pest damage to crops. Well-nourished plants can sus
tain greater amounts of damage from some pests. Conversely, there is
evidence that fertilizers can increase attack by other pests, leading in tum to
increased use of pesticides. When fertilizers are broadcast over a field, they
promote weed growth between crop rows; placement of fertilizers in the
row minimizes this effect (Edwards, 1989). Fertilizers also can increase the
incidence of some foliar plant pathogens, such as cereal powdery mildew
and cereal aphids (Jenkyn and Finney, 1981; Kowalski and Visser, 1979).
If minimal amounts of fertilizers are used, crops can become less suscep
tible to some pests but more susceptible to others. Organic fertilizers tend
to decrease attacks by soil-borne nematodes by promoting the activity of the
nematodes' fungal antagonists (Hoitink and Fahy, 1986). They also de
crease attacks by invertebrate pests by increasing species diversity in favor
of natural enemies and by providing alternative food for marginal pests
(Altieri, 1985; Edwards, 1989; Kerry, 1988). Increased use of organic mat
ter in the soil also can facilitate cultivation for control of weeds.

Soil Biodiversity

Biodiversity in the soil can contribute ecosystem stability by providing
natural pest control. Many soils harbor a variety of natural enemies that
often exist and function most effectively as interspecific guilds (Walter and
Kaplan, 1990). Fungal antagonists of nematodes alone include a large vari
ety of organisms, such as nematode-trapping or predaceous fungi, endopara
sitic fungi, egg parasites, cyst parasites, and species that produce toxic
metabolites (Mankau, 1980b). Such native soil organisms can sometimes
prevent unacceptable levels of damage to crops. For example, Mankau
(1980a) reported that, despite ideal conditions for severe problems with root
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knot nematodes, Senegalese farmers can market high-quality produce (veg
etables) because Bacillus penetrans populations provide control.

Although pesticides can disrupt soil ecosystem processes, some mi
crobes can degrade pesticides more rapidly than is possible abiotically. The
potential for microbial decomposition of persistent pesticide residues is be
ing explored as a way to reduce environmental contamination. This is
similar to the way microbes are being used in oil spills. In general, much
remains to be studied on the agricultural importance of soil biota, but the
usefulness of diversity in imparting ecologic and economic stability to
agroecosystems is becoming more clear. Some researchers suggest that the
conservation of biodiversity within the soil can be enhanced by amending
the soil (with organic matter and chitin, for example) and by promoting
vegetative diversity in the field (Kerry, 1990).

Biodiversity and Cropping Patterns

Multiple cropping includes traditional annual sequential cropping or
crop rotation, but also a variety of such innovative practices as relay crop
ping (growing two crops in one field in a single season); intercropping or
undersowing (growing two or more crops in the same field, usually in alter
nate rows); and strip cropping (growing two crops in strips wide enough to
allow independent cultivation and treatment, but narrow enough for their
ecologic interaction) (Francis, 1986). All multiple-cropping systems in
crease diversity within the agroecosystem through habitat structure and spe
cies richness. This tends to minimize the incidence of insect pests, dis
eases, and weeds (Stinner and Blair, 1989). Such innovative cropping patterns
have considerable potential for use in integrated low-input farming systems
in developing countries.

INTERDISCIPLINARY COLLABORATIVE RESEARCH

The new Sustainable Agriculture and Natural Resource Management
Collaborative Research Support Program (SANREM CRSP) of the U.S.
Agency for International Development (AID) recognizes the essential role
of IPM in the movement toward sustainability, and it emphasizes the need
for interdisciplinary, collaborative research (National Research Council, 1991).
IPM research is hindered by many of the same institutional constraints that
inhibit research on sustainable agriculture and natural resource manage
ment. Because IPM is site-specific, research must be undertaken and ap
plied differently in different locations. Moreover, research is necessarily
long term; investigations must often continue over a period of 5 to 10 or
even 20 years. This demands an unusual degree of commitment and dedica
tion among scientists from many disciplines, institutions, and countries.
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Financial and institutional support for this research is limited and for the
most part it is inadequately encouraged or rewarded. Even when there is
funding, interdisciplinary groups of scientists sometimes encounter diffi
culty in publishing their results in technical journals, most of which concern
individual disciplines. All of this adds to the difficulty in attracting young
scientists to IPM research.

These difficulties must be overcome if research is to make progress on
the technical questions outlined in this report. There is considerable knowl
edge about the effects of conventional agricultural practices on pest man
agement (Edwards et al., 1988; Edwards, 1989), but much more research is
needed on the effects of innovative alternative practices (National Research
Council, 1989). More generally, research must extend the principles of
IPM programs to cover whole farming systems, and especially to minimize
the use of synthetic chemicals and maximize the use of less expensive
cultural practices. Efforts have been made, for example, to develop models
that can provide recommendations based on a simple, user friendly ques
tion-and-answer system (Willson et al., 1987).

Some pest management researchers have taken the lead in developing
integrated system designs using an agroecological approach. The systems
approach of the Biological Control Program of the International Institute of
Tropical Agriculture expands on traditional pest management research to
embrace investigations of an entire agroecosystem, including characteriza
tion of agroecosystem components, intercropping effects, pest behavior in
the absence of crops (sources of reinfestation), climatic data, plant host
phenology and physiology, ecosystem effects on crop yield, life cycle stud
ies of pests and populations, natural enemy population dynamics and epide
miology, and social and economic factors. A computer model of these
agroecosystem components is constructed using laboratory parameters for
the factors listed above and then validated by field studies and used as a
research tool to identify pest control options and needs (Yaninek and Herren,
1989).

The information required to develop models is unavailable in many
areas of the world, but the models can illustrate the integrated approach
toward which pest management is evolving. For models to be useful, how
ever, and for their results to be transferrable from one agroecosystem or
country to another, closer collaboration is needed between biomathemati
cians and pest management specialists. Better field methods for determin
ing population dynamics and better definitions of noxiousness and damage
thresholds also must be developed. In the long run, however, such efforts
will render valuable conceptual insights into agroecosystem functions and
practical and sustainable applications on the ground.
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SOCIOECONOMIC FACTORS
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In all agricultural regions, but especially in those in developing nations,
the rate at which IPM is adopted is determined largely by social and eco
nomic conditions. Socioeconomic factors often discourage adoption of IPM,
even where the technical expertise and knowledge are available for policy
formulation and for field trials and demonstration programs. If IPM and
other sustainable agriculture practices are to be widely adopted, they must
be socially and economically viable nationally and individually, and plan
ning must involve farmers, extension workers, educators, administrators,
and political leaders.

The principal socioeconomic impediments to implementing IPM stem
from an absence of accountability for success or failure between farmers
and researchers, policymakers, and government agents. This has had many
consequences. Research on traditional farming systems, many of which
effectively incorporate IPM, is underemphasized (Thurston, 1990). IPM
research often is not applicable or relevant to the needs of subsistence
farmers. Government monitoring and surveillance personnel, on whose findings
policy recommendations are based, are seldom concerned with implementa
tion. Corruption is widely believed to be common in the seed and pesticide
industries and distribution systems in a number of developing countries.
Land tenure and common property management arrangements often sepa
rate the farmer with the pest problem from the individual who makes deci
sions or pays the bills-especially for pest management-and often impede
the adoption of sustainable agricultural practices. In many developing countries,
tenure is insecure or nonexistent and farmers who lack title or reliable
access to land can have little incentive to make a long-term investment in
land improvement.

In considering the socioeconomic constraints on IPM among the subsis
tence or resource-poor farmers who are AID's constituents, it must be de
termined whether IPM will require field-specific recommendations, or whether
its objectives can be achieved through broad, standard recommendations.
Because agricultural conditions vary, highly generalized recommendations
might place the livelihood of individual subsistence farmers in jeopardy.
Field level management decisions require an understanding of the dynamics
of pest populations, accurate identification of pests and their natural en
emies, adequate field-sampling techniques, knowledge of the hazards of
available pesticides, sophistication in the selection of seeds, and basic fa
miliarity with IPM options. Essentially, the socioeconomic conditions that
impede IPM adoption must be approached and investigated through two
types of tactics: those that demand a high degree of farmer involvement
(cultural practices, use of pesticides) and those that generally require mini
mal farmer involvement (classical biocontrol, use of host plant resistance).
If developing countries are to implement IPM, they must be encouraged to
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adopt policies that are based not only on sound biologic knowledge, but on
farmer acceptance; on sound economic, social, and cultural considerations;
and on effective means of technology dissemination (Andrews and Bentley,
1990; ShowIer, 1991).

The goals of new or strengthened IPM programs must not conflict with
those goals of the agricultural system generally (including the generation
and stabilization of income and compliance with market-related cosmetic
and quality standards for agricultural products). Programs must operate
within the law. They must demonstrate to farmers that pesticide selection
and application can be made on a rational economic basis and that costs can
be reduced through the increased use of readily available nonchemical means
of control. This is often complicated by the fact that legally obtained
pesticides must compete with smuggled or adulterated pesticides, which
often lack standard labels.

OUTREACH AND EXTENSION SERVICES

A major impediment to the successful implementation of IPM in devel
oping countries is the general lack of education about IPM. Farmers, agribusiness
personnel, politicians, policymakers, the general public, researchers, exten
sion agents, and teachers all need to become better informed about IPM.
The degree of educational commitment to IPM in developing countries var
ies greatly, but education about pests and pest management is often lacking
or inadequate, even in countries where agriculture is the major national
activity and where the loss of crops to pests is a significant problem.

Deficient extension resources and methods are commonly identified as
major barriers to agricultural production (Goodell, 1984; ShowIer, 1991).
Extension services in developing countries are usually weak and poorly
supported. Generally, extension programs are underfunded, they lack ad
equate means of transportation, and personnel are poorly trained. Extension
agents are often poorly paid and act as low-status generalists who are re
sponsible not only for disseminating information, but for administering credit
programs. They rarely live in the communities where they work, and they
often supplement their income by working in business, agriculture, or agro
chemical sales. They are believed to accept favors for encouraging the sale
of agrochemical products. Often, because the sheer number of farmers who
need extension services is overwhelming, the larger farms are given priority
at the expense of the small growers.

Several steps must be taken to improve extension and education ser
vices: The needs of farmers must be determined and this information must
be transferred to administrators and researchers; relevant and practical in
formation, both technical and policy related, must be conveyed to farmers;
farmers need to be involved in training and demonstration projects; and
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public understanding of the causes and effects of environmental degradation
must be improved. The dissemination of information to farmers should take
local traditions into consideration. In Bangladesh, for example, a transistor
radio is given to most grooms as a wedding gift, and Bengali radio pro
grams on farming are popular. Journals in the local language should be
subsidized and made more affordable to peasant farmers. Extension and
education services also must reach women and children more effectively
since they, too, are involved in agriculture. Women in many cultures are
not readily approachable by male extension agents, and in places where
women tend to be suspicious of visiting government-employed female ex
tension agents, female volunteers from the villages should be appointed as
extension liaisons. In Bangladesh, board games for children on various
aspects of farming (for example, pesticide use and safety) are used as exten
sion tools (ShowIer, 1990).

Encouragement of young researchers is also crucial. The quality of
advanced degree programs for researchers in developing countries must be
improved and ensured. Because advanced degree training of developing
country nationals is often underfunded, students often are unable to plan
and execute comprehensive research. In addition, many students from de
veloping countries who study abroad are assigned research projects that
have little or no bearing on the needs in their homelands.

Specialists in IPM are currently few in number or unknown in many
developing countries. If those who make government policy could be influ
enced to give adequate support and training to extension personnel, and if
IPM specialists could be trained and adequately supported, the benefits to
agriculture in developing countries would be substantial and long lasting.
Wherever IPM has become a reality, a cadre of self-employed or grower
group-sponsored plant protection advisers has been important. Usually public
or private-sector extension specialists who work closely with researchers
have supported and trained these agents. Pest management consultants can
dedicate full time to learning and applying complex IPM technologies to
clients' crops, and growers pay the scout-adviser for the specialized assis
tance.

Extension of IPM techniques to small farmers who grow basic food
crops requires innovative approaches that move beyond simple reliance on
government-funded extension agents and training-and-visit programs. Ex
cellent success with the smallholder sector has been reported in Southeast
Asia in the rice IPM program of the Food and Agriculture Organization of
the United Nations. This program has so far provided training to more than
350,000 farmers, at a cost of about $10 per farmer. In the Philippines,
cumulative training costs from 1984 to 1990 were about $1.7 million, ver
sus cumulative savings of $20.4 million from reduced pesticide use (these
figures do not include the effect on yield, which was slightly higher under



24 TOWARD SUSTAINABIUTY: INTEGRATED PEST MANAGEMENT

the IPM program). IPM training programs do not simply provide farmers
with rules, for example, for using economic thresholds data to initiate IPM
control measures. They also organize farmers into IPM groups and train
them to study the pests on their own farms. Thus empowered, these farmers
become extremely effective IPM users (Kenmore, 1991).

POLICY ISSUES

As the primary funding agency for U.S. foreign assistance, AID must
play a leading role in changing policy to overcome the impediments and
take advantage of the opportunities described in this report. IPM involves a
wide range of activities that AID can promote through new policy initia
tives affecting its Washington-funded research program and its operations
throughout the world. Policy, within AID and client governments, should
be modified or created to address the issues of economic reform, land re
form, environmental protection, conservation, synthetic pesticide and fertil
izer use, public health, and education-with the goal of long-term self
sufficiency for the individual farmer. In particular, many problems with the
use of pesticides have arisen as a result of inadequate, nonexistent, or unen
forced policy. The need for reform in all of these areas must be recognized
and addressed by governments, donor and regional organizations, interna
tional banks, educators, researchers, and farmers.

Many of the required reforms should take place at the regional level. In
the broadest terms, sustainable agriculture and rural development efforts
receive insufficient international support. Total development assistance has
been estimated at $50.2 billion per year; in contrast, $866 billion is spent
worldwide each year on armaments and defense (Sivard, 1989). More spe
cifically, there is poor cooperation among governments in controlling the
spread of potentially devastating introduced pests. Because selective inter
ventions are inadequate to prevent damage caused by migratory pests, costly
emergency spraying campaigns are required during plagues (as has recently
occurred, for example, in programs to control the desert locust in Africa and
southwest Asia) (ShowIer and Potter, 1991). Progress in the entire field of
pest management is hindered by ineffective research and implementation
programs. Support for research and development is far weaker than is
support for technical assistance. Existing programs are crippled by high
turnover in personnel and by changes in national policies and in the priori
ties of donor agencies. Worse, agrochemical producers and multinational
corporations sometimes offer the only formal plant protection programs in a
given locale. If IPM research is to be successful, it needs stable, balanced,
and focused interdisciplinary research and implementation teams, and ad
equate resources must be given to support their work.

Other policy constraints operate primarily at the national level. Pesti-
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cide subsidies in some cases promote reliance on and overuse of synthetic
chemicals (Repetto, 1985). Prophylactic pesticide applications are often
encouraged by crop insurance programs that compensate for pest damage
only if fields have been treated. Some uniform ("package") spray treat
ments recommended nationwide by governments are not tailored to local
conditions or to varying intensities of pest attack (Matteson et al., 1984).
Governments typically pay insufficient attention to other critical aspects of
effective pest management, including the need to control introductions of
pests to new regions and the need to develop quarantine rules, transport
restrictions, and other pest control regulations. Governments also tend to
ignore the need for research, development, and extension of appropriate
IPM methods and large-scale control and emergency procedures.



2

Conclusions and Recommendations

In general, implementation of integrated pest management (IPM) in
developing countries is limited by inadequate financial resources, a short
age of trained personnel, and a lack of recognition of IPM's importance by
the governments of developing countries or by those who work in global,
regional, and country mission programs sponsored by the U.S. Agency for
International Development (AID). Other factors also affect the ability of
researchers, administrators, and farmers to undertake adequate research and
to implement the results. To overcome these obstacles, AID's pest manage
ment program should be guided by several general objectives which

• Demonstrate the effectiveness of IPM. The economic and social
advantages of IPM need to be clearly demonstrated to farmers, govern
ments, and donors to justify the allocation of resources necessary for re
search and implementation.

• Coordinate IPM activities. Research is needed on ways to integrate
technical, economic, social, and policy activities with implementation strat
egies. Interdisciplinary teams are needed to secure the active participation
of individual farmers in IPM research. Competition among disciplines and
a lack of professional rewards for interdisciplinary work, particularly for
young scientists, hinders teamwork. Furthermore, interdisciplinary research
is expensive because it generally involves large numbers of scientists.

• Focus on training and implementation. The IPM research method
ology supported by AID must be relevant to a broad range of agroecosystems
found within client countries, and it must feed effectively into implementa
tion and training programs. IPM programs must have well-designed, inno-

26
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vative training components for farmers. The rice IPM program of the Food
and Agriculture Organization of the United Nations provides a good model.

• Strengthen technical services. The need for AID to provide techni
cal services to its missions on behalf of client governments and the private
sector will continue. These services include environmental assessments,
assistance with quarantine and other regulations, and progress in related
areas of policy and administration, including movement of plant materials,
response to pest outbreaks, pesticide importation and use, training, and technology
transfer.

RESEARCH PROPOSAL CRITERIA

Research on IPM (and research proposals submitted to AID) should
provide opportunities to gather information in the following areas.

• Agroecosystem components and interactions. To overcome the technical
constraints described in this report, basic investigations must fill in gaps in
the scientific understanding of the interactions among organisms and of the
effects of management techniques in agroecosystems. As steps are taken to
address the social, economic, educational, and institutional factors behind
successful implementation, the knowledge base on which IPM ultimately
depends must be continually strengthened.

• Indicators of performance. Information is lacking on productivity,
pre- and postharvest losses, the rate of adoption of IPM practices, economic
factors, public health, and monitoring and characterization of environmental
effects. Assessments should be made before, during, and after implementa
tion.

• Economic incentives. Information is lacking on cost-effectiveness,
profitability due to reduced losses, gains from lower inputs, and other eco
nomic benefits of IPM.

• Social considerations. Information is needed about farmers' awareness
of pest management problems and whether those in the community or gov
ernment agencies understand how IPM can aid sustainable agriculture. The
effects of land access and land tenure on the adoption and success of IPM
need to be explored, as does the status of extension workers and the means
to improve it. The broader involvement of rural people in extension pro
grams and the involvement of farmers, growers, and consumers in pest
management efforts need to be brought about. Farmer perceptions should
be studied for acceptability of IPM (often leading to a restatement of the
problem by the researcher), farmer access to resources (such as Bacillus
thuringiensis, clean seeds, and chemicals), and assessment of risks and iden
tification of alternatives.

• Training. Research projects should identify and provide training
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opportunities for scientists in host countries. Projects also should develop
and strengthen the ability of extension services to respond to farmers' needs
by applying and demonstrating IPM.

• Institution strengthening and integration. The delivery systems for
IPM implementation by farmers are weak throughout the developing world.
This is the case not only for public institutions, but in the private sector,
where a lack of capital and disincentives for small enterprises have slowed
the evolution of delivery systems and services. Institutions must be able to
identify and diagnose problems, to systematize information exchange and
networking, and to provide technical assistance. They must address con
cerns about, for example, seed laws, certification, quality control, pesticide
regulations, and quarantine and movement of produce and agricultural prod
ucts. Moreover, information is needed on how institutions can work to
gether most effectively and efficiently.

• Policy concerns. National governments frequently lack a commit
ment to IPM, to policy analysis and guidance, and to the integration of
policy aims. Research should address the influence of policy on current
pest management practices in general and on the adoption of IPM in par
ticular.

In addressing constraints in these areas, IPM research proposals should
specifically demonstrate the following:

• The relevance of agroecosystem characteristics at the research site,
including the agroecosystem's importance in terms of nutrient and food
productivity and its susceptibility to pest losses; the likelihood of success of
IPM in stemming losses to pests; and the likelihood that economic perfor
mance would be significantly improved.

• The potential of the project to offer regional and global application
of research results.

• The suitability of the proposed project for multidisciplinary research
and the involvement of farmers, nonvoluntary governmental organizations,
private and voluntary organizations, and local extension personnel.

• The support of local government and the potential for cooperation
among institutions and across sectors.

• The experience of the investigators and a base of existing research
and knowledge.

• The capacity of investigators and the suitability of the project for
conducting training of host country personnel.

• The potential for the project to draw on research of existing Col
laborative Research Support Programs (CRSPs), national agricultural re
search systems, and international agricultural research centers (IARCs), and
to contribute to the proposed IARC IPM network.

• The contribution of the research project to identify improved nonchemical
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pest control tactics, and safer, more effective, and more environmentally
sound use of pesticides where necessary.

With the proviso that research on IPM should focus on the agroecosystem
as a whole, rather than on target commodities or crops alone, support could
be directed to a system in which traditional crops and cropping systems are
supplemented with introduced cash crops that may offer incentives to farm
ers. Examples of possible cropping systems suggested for research atten
tion from this perspective include: beans, com, and squash; beans, com,
and cassava; millet and sorghum; peanuts and sesame; potatoes and beans;
bananas, plantains, and papayas; and urban vegetable production systems.

RECOMMENDATIONS FOR SUPPORT FROM THE
U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT

Support for IPM within AID should include initiatives in its research,
nonresearch, and service activities.

Research Activities

To respond to the needs described in this report, AID should increase
its support for research on IPM.

This goal could be achieved through two mechanisms: creation of a
new IPM CRSP or development of an IPM project to strengthen existing
programs.

If established, a new IPM CRSP should address one or more (preferably
two) agroecosystems, and it should receive the same support given to exist
ing CRSPs (now about $2.5 million per year). To supplement and comple
ment the work of the new CRSP, an additional $500,000 per year should be
provided to fund research within existing AID-funded projects on biologic
or socioeconomic impediments to IPM implementation.

Support for IPM projects funded directly by AID could accomplish
many of the same goals as an IPM CRSP. If this option is followed,
support should be given in several areas. A single research project, funded
at $1 million per year, should elucidate the necessary components of a true
IPM approach to crop protection in a selected agroecosystem. Another
$500,000 per year should be devoted to technical assistance activities that
are not included in the full research project. Finally, additional support
should be sought through additional "buy-in" funds solicited from AID
regional bureaus or missions, including the possibility of Public Law 480
funds where these are available.

In choosing between these approaches, AID should consider that the
IPM project is a more modest approach, at least initially. The Office of
Agriculture would support and manage research and related activities through
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a U.S. institution, but outside the Title XII CRSP mechanism. This would
be analogous to AID's current plans to expand research on plant biotechnol
ogy. The many advantages of the CRSP mechanism-long-term funding
support, experience in international collaborative arrangements, information
networking, scientist-directed management procedures, an emphasis on training
the local populations of developing countries, a tradition of response and a
mechanism for support of mission requests for assistance (including lever
aging matching funds), and in-place oversight mechanisms-make it the
preferable option. An IPM CRSP would complement the new Sustainable
Agriculture and Natural Resource Management CRSP and supplement the
work of other CRSPs, providing balance and breadth to AID's initiatives on
sustainability in developing countries.

Nonresearch Activities

Although AID should devote greater attention to research on IPM, it
must also continue its important support, through nonresearch technical
advisory and training activities, for effective response to migratory and
exotic pests.

These activities are rightly the responsibility of a public agency, rather
than the private sector. Moreover, AID should continue to serve in its
critical role as an adviser to client countries on matters of policy and regu
lation involving plant and pest quarantine, pesticide use and management,
environmental assessment, movement of biologic materials, and intellectual
property rights and patents-all important components of U.S. foreign policy
and technical assistance. In addition, $1 million per year should be pro
vided for these activities, which would be similar to those provided in the
past by AID's Vertebrate Pest Management Project and the AID-supported
Consortium on International Crop Protection.

The AID should seek to improve the policy climate for IPM through its
missions in client countries.

All missions should include identifiable IPM components in their food
and agriculture programs and should work with host governments to de
velop policies that encourage the adoption of IPM in the public and private
sector for the benefit of farmers and consumers. Although AID cannot
dictate policy or legislation to its client countries, it can recommend and
encourage the adoption of policy and legislation through several mecha
nisms. AID can present policy guidelines or models for government exami
nation. It can offer incentives for the adoption or creation of policy and
legislation (for example, through the attachment of stipulations to AID as
sistance). Finally, AID can encourage and, where appropriate, participate
in the establishment of formal agreements, treaties, conventions, or codes of
conduct.
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Service Activities
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To attain the goals described above, AID must continue to provide
additional services in support of IPM.

Especially important are technical assistance (for example, pre- and
postproject environmental assessments and related field research) and assis
tance in project design, project evaluation, emergency response (such as the
Locust Outbreak Prevention Program), in-country definition of pest prob
lems, short-term training in pest and pesticide management, and training in
quarantine and regulatory activities. These services would benefit from an
increase in the number of in-house technical staff at the AID Office of
Agriculture. It would be desirable for AID to hire permanent staff who
have training in ecologically sound methods and approaches to pest man
agement.

POLICY RECOMMENDATIONS

The AID should give high priority to securing more money for IPM
activities, and it should strengthen its capacity to advance IPM through
additional staffing.

This will require building congressional and public constituencies for
increased funding and continued support. AID should recognize, reward,
and publicize its successes in IPM research and implementation, for the
benefit of its foreign and U.S. constituencies.

The AID should encourage national governments to adopt policies that
facilitate and support IPM.

The agency should encourage the national institutionalization of IPM.
Moreover, it should require its missions to include IPM in their programs.
Such policy changes could be offered as recommendations, model legisla
tion, guidelines, or as incentives by linking AID assistance to changes in
policy or legislation in recipient countries. Where appropriate, specific
policies could be supported through formal agreements, treaties, conven
tions, or codes of conduct.

The AID should give consideration to specific changes in agency policy
that support sustainable agriculture activities and that include IPM.

These changes could include the following:

• Give greater emphasis to nonchemical control tactics and to associ
ated implementation and technology transfer model systems.

• Review regional and national programs that overuse chemicals for
crop protection, and provide support for changes to implement IPM alterna
tives where available.

• Review AID agricultural development programs to determine whether
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they lead to greater dependence on nonsustainable production practices,
particularly in the promotion of cash crops and export crop commodities.
An external review of agricultural project lending by the World Bank, for
example, found that many projects anticipated increases in pesticide use as
part of the development effort, yet IPM was rarely included in projects
(Hansen, 1990).

• Require environmental impact assessments after (as well as before)
project implementation. AID should consider requiring the identification of
nonchemical pest control alternatives in all environmental assessments, and
it should support establishment of an international information clearing
house of nonchemical pest control methods.

• Review agency policy on issues of pesticide labeling, application
methods, storage and disposal safeguards, and human health monitoring,
and make these changes known to client governments. AID mission pro
grams with clearly identifiable IPM projects will be useful vehicles for this.

• Review or assure an agency policy on the transport, release, or
transfer of genetically engineered biologic materials. The guidelines devel
oped by the Program for Scientific and Technical Cooperation (PSTC) of
AID's Research and Development Bureau, which only apply to PSTC projects,
should apply to all AID projects. Adequate documentation of compliance
should be required before funding is released.

• Develop policies, in collaboration with other donors and AID client
countries, that address issues of intellectual property rights, thereby permit
ting proprietary techniques and germplasm to become available to develop
ing countries in a timely fashion.

• Refine policy on donor coordination and encourage the establish
ment of a consortium for IPM activities and a network of researchers, even
tually leading to a "center-without-walls" linked to the Consultative Group
on International Agricultural Research system.

• Create an IPM task force to increase interaction among units of
AID and between AID and external agencies, institutions, and interest groups.

• Encourage nongovernmental advisory groups in the United States
to highlight IPM activities and generate public support for them.

• Review priorities for the development of IPM in AID client coun
tries in Eastern Europe.

• Re-examine in-kind assistance to promote IPM support as an agency
policy.
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Agricultural Biotechnology: Strategies for National Competitiveness (1987), 224 pp., ISBN

0-309-03745-X.
Regulating Pesticides in Food: The Delaney Paradox (1987), 288 pp., ISBN 0-309-03746-8.
Pesticide Resistance: Strategies and Tactics for Management (1986), 480 pp., ISBN

0-309-03627-5.
Pesticides and Groundwater Quality: Issues and Problems in Four States (1986), 136 pp.,

ISBN 0-309-03676-3.
Soil Conservation: Assessing the National Resources Inventory, Volume I (1986), 134 pp.,

ISBN 0-309-03649-9; Volume 2 (1986), 314 pp., ISBN 0-309-03675-5.
New Directions for Biosciences Research in Agriculture: High-Reward Opportunities (1985),

122 pp., ISBN 0-309-03542-2.
Genetic Engineering of Plants: Agricultural Research Opportunities and Policy Concerns

(1984),96 pp., ISBN 0-309-03434-5.

NlIII'kllt Refuirelllell" 01 Dollle,tk Allilrudl Sem, IUUI RellJted Tit,.,
Nutrient Requirements of Horses, Fifth Revised Edition (1989), 128 pp., ISBN 0-309-03989-4;

diskette included.
Nutrient Requirements of Dairy Cattle, Sixth Revised Edition, Update 1989 (1989), 168 pp.,

ISBN 0-309-o3826-X; diskette included.
Nutrient Requirements of Swine, Ninth Revised Edition (1988), 96 pp., ISBN 0-309-03779-4.
Vitamin Tolerance of Animals (1987), 105 pp., ISBN 0-309-03728-X.
Predicting Feed Intake of Food-Producing Animals (1986), 95 pp., ISBN 0-309-03695-X.
Nutrient Requirements of Cats, Revised Edition (1986), 87 pp., ISBN 0-309-03682-8.
Nutrient Requirements of Dogs, Revised Edition (1985), 79 pp., ISBN 0-309-03496-5.
Nutrient Requirements of Sheep, Sixth Revised Edition (1985), 106 pp., ISBN 0-309-03596-1.
Nutrient Requirements of Beef Cattle, Sixth Revised Edition (1984), 90 pp., ISBN

0-309-03447-7.
Nutrient Requirements of Poultry, Eighth Revised Edition (1984), 71 pp., ISBN 0-309-03486-8.

More information, other titles (before 1984), and prices are available from the National Acad
emy Press, 2101 Constitution Avenue NW, Washington, DC 20418 USA, 2021334-3313 (infor
mation only); 8001624-6242 (orders only); 2021334-2451 (fax).
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Energy
Alcohol Fuels: Options for Developing Countries (1983), 128 pp., ISBN 0-309-04160-0.
Producer Gas: Another Fuel for Motor Transport (1983), 112 pp., ISBN 0-309-04161-9.
The Diffusion of Biomass Energy Technologies in Developing Countries (1984), 120 pp.,

ISBN 0-309-04253-4.

Technology OpUODl
Priorities in Biotechnology Research for International Development: Proceedings of a Work

shop (1982), 261 pp., ISBN 0-309-04256-9.
Fisheries Technologies for Developing Countries (1987), 167 pp., ISBN 0-309-04260-7.
Applications of Biotechnology to Traditional Fermented Foods (1992), 199 pp.,

ISBN 0-309-04685-8.

Plants
Amaranth: Modem Prospects for an Ancient Crop (1983), 81 pp., ISBN 0-309-04171-6.
Jojoba: New Crop for Arid Lands (1985), 102 pp., ISBN 0-309-04251-8.
Quality-Protein Maize (1988), 130 pp., ISBN 0-309-04262-3.
Triticale: A Promising Addition to the World's Cereal Grains (1988), 105 pp., ISBN

0-309-04263-1.
Lost Crops of the Incas (1989), 415 pp., ISBN 0-309-04264-X.
Saline Agriculture: Salt-Tolerant Plants for Developing Countries (1989), 150 pp., ISBN

0-309-04266-6.

InnovaUoDl In Tropical Forestry
Mangium and Other Fast-Growing Acacias for the Humid Tropics (1983), 63 pp., ISBN

0-309-04165-1.
Calliandra: A Versatile Small Tree for the Humid Tropics (1983), 56 pp., ISBN

0-309-04166-X.
Casuarinas: Nitrogen-Fixing Trees for Adverse Sites (1983), 118 pp., ISBN 0-309-04167-8.
Leucaena: Promising Forage and Tree Crop for the Tropics (1984), 2d ed., 100 pp., ISBN

0-309-04250-X.
Neem: A Tree that Could Help the World (1992), 149 pp., ISBN 0-309-04686-6.

Managing Tropical Animal ResourcetJ
Butterfly Farming in Papua New Guinea (1983), 36 pp., ISBN 0-309-04168-6.
Crocodiles as a Resource for the Tropics (1983), 60 pp., ISBN 0-309-04169-4.
Little-Known Asian Animals with a Promising Economic Future (1983), 133 pp.,

ISBN 0-309-04170-8.
Microlivestock: Little-Known Small Animals with a Promising Economic Future (1990), 449

pp., ISBN 0-309-04265-8.

RelOurce Management
Environmental Change in the West African Sahel (1984), 96 pp., ISBN 0-309-04173-2.
Agroforestry in the West African Sahel (1984), 86 pp., ISBN 0-309-04174-0.
Conserving Biodiversity: A Research Agenda for Development Agencies (1992), 127 pp.,

ISBN 0-309-04683-1.

Additional titles and ordering information are available from the Board on Science and Tech
nology for International Development, Publications and Information Services (FQ-2060), Of
fice of Intemational Affairs, National Research Council, 2101 Constitution Avenue NW, Washington,
DC 20418 USA, 2021334-2688.
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