
U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT 

USAID Program· and Operations Assessment Report No. 18 

~ 
Center for Development Information and Evaluation 

September 1996 



This report and others in the evaluation publication 
series of the Center for Development Information and 
Evaluation (CDIE) can be ordered from 

USAI D Development Information 
Services Clearinghouse (DISC) 

1611 N. Kent Street, Suite 200 
Arlington, VA 22209-2111 
Telephone: (703) 351-4006 
Fax: (703) 351-4039 
Internet: docorder@disc.mhs.compuserve.com 

The CDIE Evaluation Publications Catalog and notices of 
recent publications are also available from the DISC. 

U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT 

The views and interpretations expressed in this report are those of 
the author and are not necessarily those of the U.S. Agency for 
International Development. 

John M
Rectangle

John M
Rectangle



USAID Program and Operations
Assessment Report No. 18

Agriculture and the Environment

A Synthesis of Findings

by

Donald G. McClelland
Center for Development Information and Evaluation

U.S. Agency for International Development

October 1996

 



U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT

The views and interpretations expressed in this report are those of
the authors and are not necessarily those of the U.S. Agency for 
International Development.

This report and others in the evaluation publication 
series of the Center for Development Information and
Evaluation (CDIE) can be ordered from

USAID Development Information 
   Services Clearinghouse (DISC)
1611 N. Kent Street, Suite 200
Arlington, VA  22209--2111
Telephone: (703) 351--4006
Fax:           (703) 351--4039
Internet: docorder@disc.mhs.compuserve.com

The CDIE Evaluation Publications Catalog and notices of
recent publications are also available from the DISC.



Page

Preface v

Summary vi

Glossary ix

1. Introduction 1

2. Background 4
Land Degradation 4
USAID Sustainable Agriculture 

Programs
6

3. Program Elements 9
Technological Change 9

Page

Education and Awareness 10
Institution Building 11
Policy Environment 13

4. Program Impact 16
Socioeconomic Impact 16
Environmental Impact 18

5. Program Performance 19
Program Effectiveness 19
Program Efficiency 20
Sustainability and Replicability 21

6. Management Recommendations 23

Appendix.   Evaluation Methodology

Bibliography

Table of Contents

Agriculture and the Environment iii



IN THE SUMMER OF 1993, the Center for De-
velopment Information and Evaluation

(CDIE) of the U.S. Agency for International
Development initiated fieldwork to assess the
impact of the Agency’s programs in sustain-
able agriculture. The work was carried out in
five countries: the Gambia, Jamaica, Mali, Ne-
pal, and the Philippines. CDIE teams spent
one month in each country interviewing repre-
sentatives of donor agencies and nongovern-
mental organizations, government officials,
and farmers  and other  benef ic iar ies  of
USAID-supported programs in sustainable ag-
riculture. 

In all five countries, USAID programs were
designed to increase agricultural production
while maintaining or enhancing the natural re-
source base. In three countries (Jamaica, Ne-
pal, the Philippines), the task was to increase
agricultural production on steep hillsides,
where soil erosion was the main environmental
problem. In the Gambia and Mali, salinization,
loss of soil moisture, and soil erosion (but not
on steep hillsides) were the predominant envi-
ronmental problems. As would be expected,
these different environmental problems re-
quired different solutions. 

All five USAID programs had positive so-
cioeconomic and environmental impacts.
However, the degree of impact was greater in
some countries than in others, and the evidence
of impact was stronger in some countries than
in others. The study concludes there need not
be a trade-off between agricultural growth and
conservation of the natural resource base on
which that growth depends. That is, increased
production need not be achieved at the expense
of the environment: the two are complemen-
tary.

§

The study drew on technical expertise and
logistical assistance of many people. Particu-
larly important were the knowledge and expe-
rience of farmers, host country counterparts,
and USAID Missions in the countries where
fieldwork was carried out. Equally important
was the expertise of Chris Seubert, of Global
Vision, who assisted with the design of the
overall assessment, fieldwork in the Gambia,
and synthesis of the five case studies. Michael
Calavan, chief of CDIE’s Program and Opera-
tions Assessment Division, provided both sub-
s tant ive  and edi tor ia l  sugges t ions  tha t
improved the final report immeasurably.

Preface
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BETWEEN 1975 and the year 2000 the world
will have lost 22 percent of its high-po-

tential agricultural land. That’s 600,000
square miles, an area equal in size to Alaska.
The loss is alarming because, as population
pressures mount, agricultural production will
have to expand onto medium- and low-poten-
tial lands that are not only less productive but
also more fragile and susceptible to degrada-
tion. 

Soil is degraded mainly through deforesta-
tion, agricultural activities, overgrazing, and
overexploitation. Biophysical manifestations
include erosion and loss of moisture-holding
capacity. But more important, and more com-
plex, are the social and economic aspects. In-
deed,  some view land degradation as a
socioeconomic rather than biophysical prob-
lem. For example, population growth increases
demand for land on which to grow crops,
which often leads to deforestation, shorter fal-
low periods, and continuous cropping. Short-
sighted economic policies often make the
problem worse by encouraging farmers to clear
new land for cultivation rather than to protect
land already under cultivation. Insecure land
tenure arrangements discourage farmers from
making long-term investments needed for re-
source conservation. 

In 1993--94 USAID’s Center for Develop-
ment Information and Evaluation assessed the

Agency’s activities in sustainable agriculture
in the Gambia, Jamaica, Mali, Nepal, and the
Philippines. In all five countries the main
threats to sustainable agriculture----that is, ag-
riculture that conserves and enhances rather
than depletes natural resources----were soil ero-
sion and watershed degradation. The evalu-
ation found positive socioeconomic and
environmental results, to varying degrees, in
each country.

Program Elements

In each program assessed, USAID intro-
duced specific conservation technologies.
These technologies were designed not only to
increase agricultural production but also to re-
duce soil erosion and improve watersheds. The
Agency also supported three other kinds of
interventions: improved environmental educa-
tion and awareness, training and institution
building, and an appropriate policy environ-
ment. Most important, though, was the intro-
duction of appropriate technologies:

• In the Gambia, saltwater barriers and
water retention dams permitted uncul-
tivable land to be quickly brought back
into production, increasing rice yields.
In contrast, contour plowing, grass wa-
terways, and terraces  were less success-
ful.  They resulted in smaller yield

Summary
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increases, and the payoff materialized
less quickly.

• Two quite different technologies were
introduced in Jamaica under two differ-
ent projects. One project involved con-
s t ruc t ion  o f  t e r r aces  wi th  heavy
equipment on steep hillsides. It was ex-
pensive, complex, and clearly inappro-
priate. The other project promoted
hand-planting of perennial trees. The
technology was simple, inexpensive, and
familiar to most farmers.  

• In Mali, erosion barriers called rock
lines proved successful. The concept was
easy to understand, the technology was
easy to learn, and farmers saw a rapid
yield response.

• In Nepal, no single technology was
adopted widely, probably because prac-
tices that were introduced----among them
composting and gully erosion control----
did not generate large economic benefits.
Rather, they contributed to a noticeable
but not dramatic improvement in yields
or reduced erosion. 

• In the Philippines, a method called slop-
ing agricultural lands technology en-
abled farmers to produce crops without
damaging the natural resource base. This
technique involved agroforestry hedge-
rows that stopped soil erosion, created
terraces, and improved soil fertility in
uplands areas. 

Little evidence emerged that environ-
mental-awareness campaigns (posters, exhibi-
tions, technical bulletins)----as distinct from
site visits and other types of experiential learn-
ing----had any effect on the rate of technology
adoption under any of the projects. Farmers
took up the technologies not to avoid potential
long-term negative effects of soil erosion but
to achieve short-term economic benefits.

The extent to which institutions functioned
well and local populations participated effec-

tively helps explain why some programs were
more successful than others. In the Gambia and
the Philippines, USAID encouraged local par-
ticipation and strengthened local communities,
nongovernmental organizations, and farmer
associations. These groups were important ve-
hicles for disseminating new technologies,
constructing and maintaining conservation in-
frastructure, and distributing inputs. Similar
efforts in Jamaica, Mali, and Nepal were less
successful. Even in the Gambia and the Philip-
pines, however, insufficient funding clouds
the prospects for sustaining local institutions.

Finally, appropriate economic policies were
more important in Mali and the Philippines
than in the Gambia, Jamaica, and Nepal. In
Mali, USAID helped reduce fertilizer subsi-
dies, giving farmers an incentive to use or-
ganic fertilizers that were cheaper and more
environmentally friendly than chemical alter-
natives. In the Philippines, the Mission helped
the government carry out a policy shift under
which individual farmers gain 25-year rights
to public land in upland areas. The rights en-
courage them to participate in, and benefit
from, the conservation program. In the other
three countries, the effect of economic policies
on sustainable agriculture was neither positive
nor negative. 

Program Impact

Although results varied, most programs
yielded significant benefits. All countries ex-
perienced increased crop yields, a clear eco-
nomic benefit. Social benefits are exemplified
in the Gambian village of Njawara, where the
conservation infrastructure ended flooding. In
Jamaica, the social security of participants im-
proved, because coffee and cocoa trees provide
an annual source of income over a period of 15
to 20 years. 

The respective environments benefited as
well. In the Gambia, the conservation struc-
tures protected 15 percent of lowland rice-
growing areas from salinization. In Mali the
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rock lines resulted in decreased soil erosion
and increased water retention. In Jamaica, tree
planting combined with conservation infra-
structure helped reduce soil losses on vulner-
able hillsides. Participating areas in the
Philippines saw increased terrace formation
and soil stabilization. In Nepal multipurpose
trees and fodder grasses helped stabilize
slopes, and use of organic fertilizer improved
soil quality.

All the technologies are replicable. The
practices work well, are not complicated, and
can be successfully extended to other areas
with similar environmental problems and agro-
climatic conditions. However, the institutional
sustainability of these programs at the village
level is questionable. 

Management
Recommendations

Four management recommendations emerge
from the assessment.

1 .  Demonstrate economic benefits. Intro-
duce conservation technologies that yield sig-
nificant economic (as well as environmental)
benefits in a relatively short time. 

2. Use simple technology. Introduce conser-
vation technologies that are easy to maintain
and relatively inexpensive.   

3. Support local institutions. Strengthen lo-
cal organizations that supply inputs, technical
advice, and markets to help ensure the sustain-
ability of conservation programs.

4. Ensure secure tenure. Support soil and
water conservation programs only when in-
tended beneficiaries have secure access to
land.  

viii Program and Operations Assessment Report No. 18



CDIE Center for Development Informa-
tion and Evaluation (USAID)

FSDP Farming Systems Development
project (Philippines)

HAP Hillside Agriculture project (Ja-
maica)

IRDP Integrated Rural Development
project (Jamaica)

NGO nongovernmental organization

OHVN Opération Haute Vallée du Niger
(Mali)

RRDP Rain-fed Resources Development
project (Philippines)

SALT sloping agricultural lands tech-
nology (Philippines)

RCUP Resource Conservation and Utili-
zation project (Nepal)

SWMP Soil and Water Management proj-
ect (the Gambia)

Glossary
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IN 1992 USAID’S Center for Development In-
formation and Evaluation (CDIE) began an

assessment of the Agency’s environmental
programs. These programs include activities
in sustainable agriculture, forestry, and biodi-
versity (the ‘‘green’’ realm); water and coastal
resources (the ‘‘blue’’ realm); and energy con-
servation and urban and industrial pollution
(the ‘‘brown’’ realm). 

The first step was to undertake a desk study
reviewing more than a hundred evaluations of
USAID-funded environmental activities car-
ried out during 1980--91 (USAID 1992). The
study showed USAID authorized almost $1.1
billion during the 1980s to support environ-
mental activities (see figure 1). Of this, activi-
ties in sustainable agriculture absorbed the
most, $645 million (or 60 percent of total re-
sources). (Sustainable agriculture can be de-
fined as agriculture that provides for human
needs while conserving or enhancing rather
than depleting natural resources.) The remain-
ing resources supported activities in forestry,
biodiversity, energy development, urban and
industrial pollution, and water and coastal re-
sources.

The $645 million authorized to support sus-
tainable agriculture was distributed among the
geographic regions as follows: 47 percent sup-
ported activities in Africa; 23 percent, in Asia;
21 percent, in Latin America; and 5 percent, in
the Near East. Four percent supported cen-
trally funded activities (see figure 2). 

Sustainable agriculture projects were iden-
tified by five descriptive terms used in the
USAID database: 1) sustainable agriculture, 2)
watershed management, 3) agroforestry, 4) in-
tegrated pest management, and 5) range and
livestock management. If any project included
one or more of these components, it was de-
fined as a sustainable agriculture project. 

CDIE then selected five countries in which
to conduct fieldwork to assess impacts of
USAID-supported sustainable agriculture pro-
grams. Those countries were the Gambia, Ja-
maica, Mali, Nepal, and the Philippines. In all
five, the main sustainable agriculture prob-
lems concerned soil erosion and watershed
degradation. The country studies dealt only
peripherally, or not at all, with integrated pest
management and range and livestock manage-
ment. 

The desk study emphasized several themes
germane to USAID’s sustainable agriculture
portfolio and in some sense to the entire envi-
ronmental portfolio. First, few sustainable ag-
riculture projects supported by the Agency in
the 1980s were designed specifically to
achieve environmental or natural resource ob-
jectives. This partly reflects the fact that the
Agency’s main objectives at that time were to
reduce poverty, boost agricultural productiv-
ity, or increase export earnings. Today’s proj-
ects take a much more holistic view of
agriculture and the environment, recognizing
the need for sustainable food-production sys-

1
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tems. Thus, although many projects were de-
signed to decrease soil loss, this environmental
benefit was secondary to the potential eco-
nomic benefit.*

Second, sustainable agriculture projects al-
most always involve a potential trade-off be-
tween  development ob jec t ives  and
conservation objectives. This is because eco-
nomic development tends to use resources as
distinct from environmental activities, which
conserve resources. An issue associated with
almost all sustainable agriculture projects is
how best to achieve a balance between short-
term production, on the one hand, and long-
term protection of natural resources (on which
future production and future generations de-
pend), on the other. 

Third, the desk study revealed that many
USAID-supported projects in sustainable agri-
culture had a positive environmental impact,
but it is difficult to measure that impact, let
alone attribute it to USAID. This is because
most projects attempting to address soil ero-
sion, for example, took no measurements of
erosion rates before, during, or after project
implementation. This is not surprising. Actual
measurements of soil erosion are difficult and
expensive. They must be carried out over many
years, usually decades. 

Finally, USAID has used four main ap-
proaches to support environmental activities,
including sustainable agriculture, worldwide:

• New technologies to help solve or ame-
liorate specific environmental problems

• Education and awareness about the ef-
fects of environmental degradation and
the benefits of conservation

• Institution building at the local and na-
tional levels, for both the public and pri-
vate sectors, including nongovernmental
organizations

• Economic (and related) policies that pro-
vide financial incentives to encourage

Figure 2. Authorizations for
Sustainable Agriculture Projects,

by Region, 1980-91
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Figure 1. Total Authorization for USAID
Environmental Projects, by Sector, 1980-91
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sound environmental practices and to
discourage environmental degradation
USAID has also helped improve owner-
ship of and access to land and other ag-
riculture resources, sometimes through
policy reform, sometimes through insti-
tutional strengthening, and sometimes as
a distinct fifth approach to supporting
sustainable agriculture. Because of the
land-based nature of resource use and the
long-term nature of resource conserva-
tion, land ownership and land-use rights
are critical to sustainable agriculture
programs. 

A central objective for each of the case stud-
ies was to assess the relative importance of

each of these approaches to improving soil and
water conservation. 

Section 2 provides background on world-
wide trends in land degradation. It also identi-
fies the main causes of soil degradation by
geographic region and summarizes the princi-
pal USAID approaches to reducing soil degra-
dation in each of the five countries. Section 3
offers plausible explanations for the observed
impacts in the four main approaches used by
the Agency to promote sustainable agriculture.
Section 4 summarizes impacts of the pro-
grams, both socioeconomic and environ-
menta l .  Sec t ion  5  assesses  p rogram
performance in effectiveness, efficiency, and
sustainability and replicability. Section 6 of-
fers management recommendations.

Agriculture and the Environment 3



AGRICULTURE BOTH CONTRIBUTES to and
suffers from land degradation. What are

the ramifications of land degradation for the
future? This section examines this question
and outlines USAID’s main strategies for ad-
dressing the problem.

Land Degradation:
Causes and Effects

Land degradation looms as a serious global
problem. Between 1975 and the year 2000, the
world will lose 155 million hectares (600 thou-
sand square miles) of high-potential land (in-
cluding cropland, grassland, and forestland).
This represents 22 percent of total high-poten-
tial land (Buringh and Dudal 1987, as reported
in Craswell 1993) and an area slightly larger
than Alaska. 

Figure 3 shows estimated shifts in land use
during the 25-year period ending in 2000 for
three classes of land (cropland, grassland, and
forestland) and three levels of potential use
(high, medium, and low). High-potential land
will decrease for all three classes. Medium-

and low-potential land will increase for crop-
land and grassland but decrease for forestland.
In fact, all three levels of forestland are ex-
pected to decrease, from 800 million hectares
to 360 million, a decline of 55 percent.

Much of this forestland is being converted
to cropland, usually of medium or low poten-
tial. In Southeast Asia, for example, the last
three decades have seen millions of hectares of
valuable and productive tropical forest con-
verted to cropland and grassland of low or zero
production potential. At the same time, high-
potential cropland is being converted to me-
d ium-  and  low-po ten t i a l  c rop land .  In
sub-Saharan Africa, for example, millions of
hectares of cropland have been lost to overex-
ploitation caused by reduced fallow periods.
Acreage devoted to grassland in all three
classes is expected to remain about constant.
The production potential of grasslands has,
however, been reduced as a result of overgraz-
ing. 

Clearly, soil degradation and productivity
losses are occurring faster than new land is
being brought into production.* Equally appar-
ent, degradation of land, coupled with in-

2
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creased population, has re-
sulted in reduction in pro-
ductive land per capita
(Netherlands Ministry of
Foreign Affairs 1993). Be-
cause remaining produc-
t ive  l and  i s  under
increasing pressure, agri-
cultural production will
continue to expand onto
marginal and environmen-
tally fragile lands. It will
become even more diffi-
cult to increase food and
fiber production to keep
pace  wi th  popu la t ion
growth while protecting
the natural resource base.

Oldeman (1991)  has
iden t i f i ed  four  major
causes of soil degradation:
deforestation, overgrazing,
agricultural activities, and
overexploitation. Figure 4
shows their estimated occurrence in four re-
gions. Deforestation is the main cause of soil
degradation in Asia and South America, ac-
counting for 41 percent in both regions. In
contrast, deforestation is nil in North America
and accounts for only 14 percent of soil degra-
dation in Africa. Overgrazing is the main
threat to soil stability in Africa (49 percent)
and explains 26--30 percent of degradation in
the other three regions. Agricultural activities
account for 24--27 percent of soil degradation
in Africa, Asia, and South America, and for 66
percent in North America. Overexploitation is
a relatively minor cause of soil degradation in
all four regions: North America (4 percent),
South America (5 percent), Asia (6 percent),
and Africa (13 percent). 

Because the relative importance of the vari-
ous causes of soil degradation differs substan-
tially among regions, there is need to tailor
conservation programs to foster local solutions
for local problems. Sustainable agriculture
programs in parts of South America and Asia,

for example, should concentrate on deforesta-
tion, whereas those in Africa should deal with
overgrazing. 

Statistics cited by Lal and Pierce (1991)
underscore that continued deforestation and
soil degradation are issues of utmost concern.
The authors point out that

• Soil erosion has irreversibly destroyed
an estimated 430 million hectares world-
wide, about 30 percent of currently cul-
tivated land area.

• The current rate of land degradation is
5--7 million hectares a year and may in-
crease to 10 million by the year 2000.

• Soil degradation of one type or another
affects one third of the earth’s land sur-
face.

• Natural erosion accounts for the loss of
9.9 billion tons of soil a year; by con-

Figure 3. Land-Use Classes and Potential, 
1975 and 2000

Source: Craswell 1993
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trast, human activity strips away 26.0
billion tons a year.

• In 1986, per capita arable land was 0.3
hectares. Yet an estimated 0.5 hectares
(about the size of a football field and one
end zone) are needed, together with a
modest level of inputs, to produce an
adequate diet. Current needs, it appears,
are not being met. 

• Per capita arable land is expected to de-
cline to 0.23 hectares by the year 2000
and to 0.15 hectares by 2050. This raises
the question of how the world will sat-
isfy its food needs in the future.

• Per capita grain production increased by
13 percent per decade during the 1950s,
decreased by 2 percent in the 1980s, and
is projected to decrease by 7 percent in
the 1990s. 

Although worldwide trends in resource deg-
radation are clear, specific actions needed to
halt or reverse those trends are not. Biophysi-
cal characteristics of land degradation are
manifested in many ways. They include soil

erosion (due to wind and
water), loss of soil fertility
(from leaching and acidifi-
cation), loss of plant cover
(the main effect of desertifi-
cation), loss of moisture-
holding capacity (largely
due to loss of organic mat-
ter), development of imper-
meable subsurface layers
(hardpans), and loss of plant
d ivers i ty .  Fa rmers  a re
among the first affected by
such changes.

But the social and eco-
nomic circumstances under
which farmers operate are as
important as, and often more
complex than, the biophysi-
cal changes they face. In-

deed, many view soil degradation as a many-
faceted socioeconomic rather than a biophysi-
cal problem (Blaikie 1985). Among the
socioeconomic factors affecting farmers is
population growth, which increases demand
for land on which to grow crops. This often
leads to deforestation or shorter fallow peri-
ods. Continuous cropping increases demand
for fertilizer to maintain soil quality. 

At the same time, shortsighted economic
policies often encourage clearing new land for
cultivation, rather than protecting and improv-
ing land already under cultivation. Insecure
land tenure arrangements also discourage
farmers from making long-term investments so
often needed to conserve resources. What’s
more, farmers are sometimes not even aware of
the benefits of protecting their resource base.

USAID Sustainable
Agriculture Programs

In the 1960s and early 1970s, USAID agri-
culture programs were directed toward in-
c reas ing  food  p roduc t ion  to  mee t  the

Figure 4. Causes of Soil Degradation, by Region

Adapted from Oldeman 1991 and World Resource Report, 1992-93
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developing world’s rapidly expanding popula-
tion. In the late 1970s and early 1980s, concern
for the environment increased, particularly for
the resource base on which agriculture de-
pends. USAID agriculture programs continued
to evolve so they now encompass the much
broader concept of sustainable agriculture.

It is now generally understood that pro-
grams to halt soil erosion and other land deg-
radat ion must  inc lude  v iable  technica l
packages, appropriate government policies
and economic incentives, secure land tenure,
farmer education and community participa-
tion, and adequate support systems. 

In each of the five countries surveyed,
USAID had introduced technologies designed
to increase agricultural production while they
decreased soil erosion and improved water-
sheds, achieving both economic and environ-
mental benefits. Thus Agency programs were
designed to obviate the potential trade-off be-
tween development and conservation. 

In most countries USAID also supported
complementary interventions----specifically,
promoting education and awareness, strength-
ening institutions, and improving the policy
environment. But among all the interventions,
introducing appropriate technologies was fun-
damental in helping explain the relative suc-
cess or failure of programs. It is important to
understand at the outset what these technolo-
gies were designed to accomplish. 

In the Gambia under the Soil and Water
Management project (1978--91), four technolo-
gies were supported, two in the lowlands, two
in the uplands:

1. Saltwater intrusion dikes stop intrusion
of water from saline estuaries of the Gambia
River, helping reclaim formerly saline soils for
agricultural production. In addition, they im-
pound runoff water at the mouth of small
streams flowing into the saline estuaries. This
raises the freshwater table in swamplands far-
thest from the estuary and, by flushing out

salts, reduces salinity of soils closest to the
estuary. 

2. Water retention dams capture rainfall run-
off, impounding some of the water that flows
into streams immediately after it rains. This
raises the water table and creates additional
areas for flooded rice production close to the
dams. It also increases moisture availability
for rice production farther upstream from the
dams. 

3. Contour berms are mounds of earth about
one meter high and two or more meters at the
base that run along the topographic contour of
a field. They control upland erosion by stop-
ping water from flowing downslope. They also
allow rainfall runoff, which otherwise would
be lost, to infiltrate the soil. 

4. Grass waterways are usually built along
with contour berms on upland fields. Grass is
planted along waterways to hold soil in place,
preventing soil loss and damage to fields by
stopping gully erosion that often accompanies
heavy rains.

In Mali three technologies were introduced
under three projects: Haute Vallée du Niger I
(1978--87), Haute Vallée du Niger II (an inte-
grated rural development project, 1988--97),
and the Farming Systems Research and Exten-
sion project (1985--94). The technologies in-
troduced were

1. Improved rock lines. Bands of piled rocks
were constructed along the contours of sloping
fields in a manner that improved on local prac-
tices. Like the contour berms in the Gambia,
rock lines control rainfall runoff and reduce
soil erosion. The project organized all farmers
in a given location to help one another install
and maintain the rock line systems. Rock lines
are more effective when an entire watershed is
involved rather than isolated fields.

2 .  Environmentally sound alternatives to
use of chemical fertilizers (which cause soil
acidity). These involve stabling animals, im-
proving corrals, and developing composting

Agriculture and the Environment 7



and manure pits. In addition, fertilizer subsi-
dies were reduced, encouraging farmers to use
organic rather than chemical fertilizers.

3.  Improved streak-resistant maize varie-
ties. These provide more reliable yields while
requiring lower fertilizer and pesticide appli-
cations than varieties previously used.

Two quite different technologies were sup-
ported in Jamaica under two different initia-
tives, the Integrated Rural Development
project (IRDP) and the Hillside Agriculture
project (HAP).

IRDP (1977--84) used heavy earth-moving
equipment to construct terraces, ditches, and
waterways (often made of concrete) to control
soil erosion on steeply sloping terrain. In con-
trast, HAP (1987--97) gives farmers perennial
tree seedlings (primarily coffee and cocoa)
that, when planted on steep hillsides, both help
control soil erosion and provide farmers with
a source of income. 

Trees in general protect watersheds by 1)
reducing the flow of water over the soil, 2)
blunting the forces of wind and rain, and 3)
contributing to the buildup of organic matter
on the soil surface. Tree roots protect water-
sheds by 1) holding soil in place, 2) providing
channels that increase percolation of water
into the soil, and 3) binding soil, preventing its
loss from gravity and water flow. 

The Hillside Agriculture project has also
introduced more direct soil-conservation prac-
tices, including the following: 1) Individual
plant basins. When combined with plant mate-
rial left on the soil surface, these depressions
help reduce sheet erosion, increase percola-
tion, and supply organic matter to improve
fertility. 2) Ditches, grass or wooden barriers,
and reinforced contours. In addition to reduc-
ing erosion and improving percolation, these

structures help channel excess water off fields.
3) Gully plugs. These small dams, consisting
of rocks, sticks, and the like, reduce water
velocity in the vertical channels that drain
water from the fields and roads. 4) Tree cut-
tings. Placed along contour lines, they reduce
erosion.

In  the  Philippines a method known as
SALT----sloping agricultural lands technol-
ogy----was introduced under two projects: the
Farming Systems Development project (1981--
90) and the Rain-fed Resources Development
project (1982--91). 

SALT involves cultivation of crops in ‘‘al-
leyways’’ between hedgerows of leguminous
trees planted along the hillside on the contour.
The leguminous trees (like coffee and cocoa
trees in Jamaica) and nitrogen-fixing cover
crops halt soil erosion on the hillsides. Over
time (three to eight years, depending on the
slope of the hillside and degree of erosion),
soils in alleyways level into terraces. The
biomass of the hedgerows improves fertility on
the terraces and increases yields of crops such
as beans, maize, and cassava.

In Nepal, five practices (or technologies)
were introduced under two projects: the Re-
source Conservation and Utilization project
(1980--89) and the Rapti Development project
(1980--87, 1987--94). The practices introduced
were 1) building dams in gullies and planting
grass and vegetative cover on eroded agricul-
tural land, 2) allowing marginal rain-fed land
to regenerate, 3) rehabilitating common lands
with multipurpose trees and fodder grasses to
increase biomass that could be used for com-
post, 4) stall-feeding livestock to permit farm-
yard manure to be collected and used to
improve soil fertility, and 5) recycling waste-
water to irrigate off-season vegetables as cash
crops. 
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EACH CASE STUDY SOUGHT to explain the
impact of four interventions USAID has

supported to one degree or another in each
country. These interventions, as discussed ear-
lier, were designed to introduce or promote

• Specific soil and water conservation
technologies

• Improved education and awareness

• Training and institution building

• An appropriate policy environment 

This section examines the relative impor-
tance of each.

Technological Change

Improved technology is generally crucial in
changing farming practices so they are more
conducive to soil conservation. A broad range
of soil and water conservation technologies
exist ‘‘on the shelf,’’ and in most cases tech-
niques are well understood and results are pre-
dictable. The improved practices (among them
composting, tree planting, building terraces,
and constructing saltwater intrusion dikes) all
work well. 

The key is getting farmers to implement
these approaches----and here the human ele-

ment comes into play. In addition to conserv-
ing the natural resource base, an improved
technology, if it is to be adopted, must provide
an economic benefit. Preferably it is an easily
observed benefit with a short- or medium-term
payoff. The technology also needs to be com-
patible with existing demands for labor and
with skill levels of farmers. Finally, farmers
must be given an opportunity to learn about the
technology and determine for themselves if it
is appropriate for their particular conditions.

Two technologies were introduced in the
lowlands of the Gambia: saltwater intrusion
dikes and water retention dams. They were
uniformly successful, for two reasons. First,
they permitted uncultivable land to be brought
back into production for a crop (rice) that was
of particular interest to the community, espe-
cially women. (In the Gambia, women are typi-
cally the rice growers.) Second, rice yields
increased significantly. 

Less successful were contour plowing, grass
waterways, and terraces introduced in the up-
lands. They resulted in much smaller yield
increases, and payoffs for investing in their
construction came only over the medium to
long term. Furthermore, they were usually pro-
moted for plots growing millet, cow peas, and
grain sorghum----crops farmed less intensively
than is lowland rice. Still, these technologies

3
Program Elements
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can prevent flooding and stop gully erosion,
and in villages where these problems were se-
vere, they were readily adopted. 

Rock lines proved successful in Mali. The
concept was easy to understand, the technol-
ogy easy to learn. Rock lines conserve mois-
ture, a critical factor helping to boost grain
yield. Farmers saw a rapid yield response the
first season after investing labor to construct
the barriers. 

Like many conservation practices, rock
lines are most effective when laid down for an
entire watershed rather than just a few farms
or fields. This highlights the importance of
having community organizations coordinate
implementation of such techniques. It is often
more difficult for villagers to learn how to
organize themselves to construct rock lines on
a large scale than it is to learn the techniques
of their actual construction. This was the case
in Mali, where inadequate village organization
sometimes hampered widespread adoption of
an otherwise successful technology. 

Stabling livestock and developing manure
pits was less successful and adoption less
widespread. This was largely because the prac-
tice is more appropriately targeted to livestock
owners who are also active in crop production
and want to improve soil fertility. In Mali’s
Sahel, as perhaps in  other parts of the Sahel,
this was not always the case.

Conservation technologies introduced un-
der two projects in Jamaica were quite differ-
ent ,  as  was their  re la t ive success .  The
Integrated Rural Development project pro-
moted construction of terraces with the use of
heavy equipment, whereas the Hillside Agri-
culture project promoted planting perennial
trees with the use of manual labor. The former
was expensive and complex; the latter, rela-
tively inexpensive and simple. The former was
clearly inappropriate, as some farmers actually
lost productive land. The latter was familiar to
most farmers, was consistent with existing
cropping patterns, and provided significant
short-term benefits. 

Under IRDP, many farmers constructed ter-
races and other erosion control structures be-
cause of external incentives (cash payments)
but did not maintain them because many of the
technologies were inappropriate. Under the
Hillside Agriculture project, farmers planted
perennial trees on steep hillsides primarily to
increase yields and cash income. At the same
time, though, the techniques increased soil
cover and reduced exposure to heavy rainfall,
reducing soil erosion from runoff.

In the Philippines, more so than in other
countries, introduction of the right technology,
whereby farmers could produce crops without
damaging the environment and natural re-
source base, was critical to success. Sloping
agricultural lands technology, the agroforestry
hedgerow technique introduced by USAID,
was clearly an appropriate technology. SALT
stopped soil erosion, improved soil fertility,
and reversed land degradation on infertile,
steep slopes of the nation’s uplands. Pivotal to
adoption and spread was the successful train-
ing of beneficiaries in community organiza-
tion. Another reason farmers adopted SALT
was the lack of alternative opportunities for
wage employment. When such opportunities
were available, farmers generally did not in-
vest the labor necessary to adopt the improved
agroforestry practices. 

In Nepal no single technology was widely
adopted. Improved practices the Mission intro-
duced----composting, tree planting, gully ero-
sion control, and stall-feeding livestock----
generated neither large economic benefits nor
large yield increases. Reductions in erosion
and improvements in yield were noticeable,
though not dramatic. 

Education and Awareness

Education and awareness is the second type
of intervention USAID has supported to make
farmers sensitive to the long-run problems of
land degradation. 

10 Program and Operations Assessment No. 18



Site visits and word of mouth were used to
educate farmers in the Gambia  about im-
proved land reclamation technologies. Once
villagers actually saw these methods being
used in neighboring villages, they understood
how water retention dams and saltwater intru-
sion dikes could improve their own lands.
They became eager to learn to apply these
techniques. Environmental awareness cam-
paigns of a more general nature----exhibitions,
posters, technical bulletins----were less effec-
tive. To be sure, these tools can be important
in promoting environmental protection and im-
proved sustainable technologies, but in the ab-
sence of hands-on experience their effect is
limited.

Many villagers in Mali were aware of the
importance of rock lines and other soil and
moisture conservation techniques. The way
these technologies were extended to farmers in
Mali was similar to the way the dams and
barriers were extended in the Gambia. Site
visits and other types of experiential learning
were key to adoption, whereas public aware-
ness campaigns and the mass media were not.
However, Malian villagers expressed disap-
pointment with the extension system, viewing
it as top-down with a heavy bias toward one-
way communication and insufficient opportu-
nity for feedback.

In  Jamaica, attempts to create greater
awareness among the rural population about
long-term negative effects of watershed degra-
dation seem to have had little effect, one way
or the other, on adoption of technologies intro-
duced by the Mission. Farmers adopted the
conservation technologies not because of po-
tential long-term benefits from reduced soil
erosion but because of short-term benefits
promised to those who participated. IRDP paid
farmers to construct terraces; the Hillside Ag-
riculture project gave farmers seedlings, fertil-
izer, and technical advice as long as they
agreed to plant the seedlings, use the fertilizer,
and take the advice. Short-term economic
benefits, not awareness about watershed deg-

radation, induced farmers to adopt conserva-
tion technologies.

Site visits and experiential learning were
also used to encourage technology adoption in
the Philippines. Once farmers became aware
of agroforestry hedgerows, they understood
how the rows could be applied on their own
farms. But planting trees along the contour on
steep slopes and learning techniques for prun-
ing and mulching required training. Farmer
training centers were used to teach these tech-
niques and also served as focal points for im-
prov ing  communi ty  o rgan iza t ion  and
management skills. Local nongovernmental
organizations played a central role in conduct-
ing training needed to implement the new tech-
nology. 

The importance of hands-on and experien-
tial learning techniques was also evident in
Nepal. In addition, plays and role-playing
were used to build awareness among the many
villagers who could not read. 

Institution Building

The Agency’s third strategic intervention is
strengthening national and local institutions,
often by providing technical assistance and
training and by supporting community organi-
zations.  

In the Gambia strong national and local
institutions were important to the success of
the program. USAID created and supported for
13 years the Soil and Water Management Unit.
Competent and committed technical advisers
were recruited to staff the unit during the criti-
cal period immediately after its establishment.
At the same time, USAID supported a strong
training component. Of 27 Gambians who re-
ceived training, 19 were still working with the
unit in 1993, while 7 had been seconded to
other agriculture divisions and 1 had retired. 

USAID also sought to strengthen local insti-
tutions and encourage participation. In fact,
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the linkage between peoples’ participation and
benefits derived from such participation was a
critical factor in the overall success of the
program. Local communities decided at the
outset to distribute benefits equitably among
participants. To this end, each adult woman
received at least one plot of land in the area to
be reclaimed for rice cultivation. This stimu-
lated widespread participation in construction
and maintenance of the saltwater intrusion
dikes and other conservation measures.  

In Mali, USAID supported development of
village-level organizations, including local co-
operatives, that gradually supplanted the large,
autonomous regional development authority,
Opération Haute Vallée du Niger. OHVN, a
powerful parastatal, was created to provide
services for tobacco and, later, cotton produc-
tion. 

OHVN has abandoned its original top-down
approach and now works with local village
associations in program development and im-
plementation. In 1993, for example, the
authority was assisting 178 village-level asso-
ciations and 59 local groups, compared with 47
in 1988 and only 11 pilot organizations in
1984. These local organizations use group soli-
darity as collateral for acquiring credit and for
negotiating more favorable bulk prices and de-
livery terms for production inputs.

In Jamaica, IRDP sought to strengthen na-
tional-level institutions by providing technical
assistance and training for extension officers
in the Ministry of Agriculture and by strength-
ening institutions that provided agricultural
marketing and credit services. IRDP also es-
tablished local development committees, but
these did not emphasize farmer involvement
and were short lived.  

In contrast, the Hillside Agriculture project
assumed, optimistically, that capacity already
existed at national institutions such as the Cof-
fee Board, Cocoa Board, and the Agriculture
Ministry’s extension service to deliver agricul-
tural inputs and market outputs and provide
technical advice. Instead, the project directed

its attention toward local institutions. Local
management committees were created to select
beneficiary farmers and provide regular man-
agement. Farmer involvement with the com-
mittees was required. As with IRDP, however,
local participation was weak, partly because of
ambiguous links between participation and
benefits. The local management committees
generally became nonfunctional after each
subproject ended.

In the Philippines as well, USAID fostered
and strengthened local institutions, especially
nongovernmental organizations (NGOs), to
disseminate sloping agricultural lands technol-
ogy and to supply credit, plant materials, and
other essential inputs and services. Commu-
nity participation was emphasized, and under
the Rain-fed Resources Development (RRDP)
project the Mission developed local farmer as-
sociations that made credit available and af-
fo rdab le  as  long  as  fa rmers  adop ted
recommended upland farming practices. 

USAID helped establish NGOs in upland
areas that now number in the thousands.
Though operating on low budgets, NGOs were
experienced in fieldwork and had the skills to
undertake activities in sustainable agriculture.
The Mission also created local centers to train
farmer leaders, farmer groups, line-agency
personnel, and a cadre of project staff who
were motivated, competent, and committed.
Under RRDP, more than 15,000 extension
agents and farmers attended courses on SALT.
More than a thousand farmers attended similar
courses under the Farming Systems Develop-
ment project. 

Both projects in Nepal (the Resource Con-
servation and Utilization project and Rapti)
in i t i a l ly  s t r eng thened  d i s t r i c t - l eve l
panchayats, or councils. Results were negli-
gible, mainly because panchayats tended to
concentrate on central and local political inter-
ests, not user interests. 

Over time, however, central planning and
management of conservation programs shifted
to a more participatory, bottom-up system that
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involved farmers, local user groups, and in-
digenous institutions. NGOs in particular were
found to be more effective than government
agencies, partly because they targeted a spe-
cific area and provided services to that area for
a relatively long period. Both Rapti and the
Resource Conservation and Utilization project
(RCUP) also provided training in a wide range
of agroforestry and sustainable agriculture
practices for line department staff and project
beneficiaries. 

Policy Environment

The fourth strategic intervention typically
associated with successful sustainable agricul-
ture programs concerns the economic policy
environment. 

Although the policy environment in the
Gambia improved dramatically in general dur-
ing the 1980s, partly as a result of USAID
assistance, economic policies appeared to have
had little effect, either positive or negative, on
the sustainable agriculture program. That is,
the success of the program seemed to be inde-
pendent of the economic policy environment.
This is probably because rice is a subsistence
crop in the Gambia, and incremental rice pro-
duction made possible by the saltwater intru-
sion dikes was consumed locally, by the
farmers who grew them, and not sold at mar-
ket.

In Mali, USAID encouraged policy reforms
to reduce the role of the public sector (includ-
ing the large parastatal, Opération Haute
Vallée du Niger) and liberalize markets. For
example, USAID helped reduce fertilizer sub-
sidies. That increased the price of chemical
fertilizers and provided an incentive to use
organic fertilizers instead. Organic fertilizers
are both cheaper and more environmentally
friendly than chemical alternatives. Market
forces were more important to project success
in Mali than in the Gambia. Adoption of sus-
tainable agriculture practices would not have

been profitable unless markets were liberal-
ized and price controls removed. 

Jamaica presents yet another variation. In
the Gambia, economic policy had little effect
because rice was produced for domestic con-
sumption. But in Jamaica, economic policy
was important. Perennial trees were planted
under the Hillside Agriculture project, and cof-
fee and cocoa were sold on the international
market. Policy reforms begun in Jamaica in the
mid-1980s promoted economic liberalization,
including currency devaluation, and made pro-
duction for export attractive. This, together
with market deregulation, helped create a pol-
icy environment in which farmers who invest
in traditional export crops, such as perennial
trees, have the opportunity to increase their
profits. 

Furthermore, since the early 1990s, the gov-
ernment of Jamaica has given environmental
issues increased attention. For example, it has
elevated environmental concerns to cabinet
status and published a national environmental
action plan. But before the mid-1980s (when
IRDP was implemented), the emphasis was on
ensuring jobs for members of the political
party in power. This was not conducive to sup-
porting environmental programs and other de-
velopment activities. 

In the Philippines, the government’s first
priority was to ensure enough rice for the
country. Because rice is not an upland crop,
government policy toward upland farming was
basically one of benign neglect. Therefore, up-
land farmers, more so than rice farmers, had to
be convinced they could profit from adopting
new practices. This meant they needed secure
access to land for a long enough period of time
to make change worthwhile. USAID helped the
government implement a program offering
‘‘certificates of stewardship,’’ under which in-
dividual farmers, community organizations,
and small firms gained 25-year rights to public
land in designated upland areas. All who
adopted conservation practices designed for
upland farming systems were eligible to par-

Agriculture and the Environment 13



ticipate. As a result, many farmers switched
from slash-and-burn cultivation to hedgerow
cultivation (SALT). 

In Nepal, responsibility for soil and water
conservation was diffused among several gov-
ernment ministries and departments. In addi-
tion, government policy did not, until recently,
stress the importance of natural resource man-
agement. RCUP’s contract approach to conser-
vation proved unsuccessful, partly because it
failed to engender a sense of ownership and
commitment among local residents. In con-

trast, experience with the Rapti project pro-
vided the basis for developing a national pol-
icy of integrated watershed management. The
Ministry of Forests and Soil Conservation
adopted the Rapti model for implementation
throughout the country. The new policy gave
legal status to user groups so they would pro-
tect and manage community forests on public
lands.  

Table 1 summarizes these findings for each
of the four interventions.
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THE AGENCY’S PROGRAMS in sustainable
agriculture have generally been positive

and resulted in significant benefits. However,
socioeconomic impacts were easier to docu-
ment than environmental impacts. In fact,
none of the sustainable agriculture programs
had been designed to measure biophysical or
environmental impacts stemming from adop-
tion of improved practices. This was partly
because most USAID projects operated within
a relatively short time frame, whereas most
environmental programs by their very nature
require a relatively long period to demonstrate
results. Consequently, the evaluation teams
relied on secondary data and proxy indicators
to assess environmental impact. 

The findings reported below were based on
personal observations, interviews with farmers
and program implementers, and previously
conducted studies that usually did not examine
the actual impact of the program. Although
some programs (the Gambia, for example) car-
ried out studies to measure progress (using
indicators such as area affected by conserva-
tion technologies relative to total farmland,
and economic benefits of conservation tech-
nologies relative to their costs), most did not.
As a result, evaluation teams had to assume 1)
sustainable agriculture programs had positive
impacts when most farmers in project areas
adopted improved conservation practices on at
least some of their fields and 2) these practices

were well known to have significant economic
and environmental benefits. 

Socioeconomic Impact

In the Gambia the economic impact of the
soil and water conservation program was im-
pressive. Within one or two seasons, average
rice yields increased by 108 percent, from 1.3
tons per hectare to 2.7 tons. In one village,
women confirmed to the evaluation team that
they were able to harvest from one plot what
they typically had harvested from three plots
before the saltwater intrusion dike was con-
structed. And in another village, rice was har-
vested on plots that had not been cultivated for
more than a decade. In upland areas, too, con-
struction of contour berms and antierosion
measures resulted in increased production of
corn, millet, peanuts, and sorghum. 

Increased production contributed to in-
creased incomes and improved food security.
For example, increased water retention made
possible by conservation infrastructure al-
lowed women to grow vegetables during the
dry season following the rice harvest, provid-
ing a new source of cash income. Both men and
women repeatedly pointed out that saltwater
intrusion dikes allowed families to eat for
months without purchasing rice or other food-
stuffs, and that money saved could be used to
meet other needs.

4
Program Impact 
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There were social benefits as well. For ex-
ample, conservation infrastructure effectively
ended flooding in Njawara. And women, who
were primary beneficiaries of the new income-
earning activities, regained control over sub-
sistence production in their traditional fields.

In Mali, millet and grain sorghum yields
increased by at least 10 percent in fields where
rock lines had been constructed. Even though
labor costs in building the rock lines were
significant, the internal rate of return to invest-
ing in the technology was estimated at 45--95
percent, depending on the method used to
transport rocks. 

In Jamaica, economic effects were substan-
tial. Coffee production increased from less
than the national average (about 20 boxes an
acre) to almost 30 boxes an acre. Likewise,
cocoa production increased from 8--10 boxes
to about 30 boxes an acre. Another analysis
concluded that after four years, coffee produc-
tion increased by 21 percent and cocoa produc-
tion increased by 45 percent. In large part,
these yield increases were due to increased
availability of external inputs (principally fer-
tilizers and pesticides) and improved practices
recommended by the Hillside Agriculture pro-
ject. The extent to which increased production
translated into increased income varied, de-
pending largely on world market prices for
coffee and cocoa and the foreign exchange
rate. 

The Hillside Agriculture project also had an
important social impact. Perennial trees pro-
vide an annual source of income over a long
period, 15 to 20 years. Therefore, the social
security of the beneficiaries of the program has
improved in direct relation to the number of
perennial trees planted and resuscitated. This
was important because the beneficiaries (both
men and women) are generally older than the
population at large (the average age of Jamai-
can farmers is 55).   

In the Philippines, too, the soil conserva-
tion program has had positive results. Despite
the space taken up by hedgerows under sloping

agricultural lands technology, net production
per unit of land has steadily increased on
newly terraced land, eventually to levels ob-
tained before erosion began. And yields were
much greater than those obtained under slash-
and-burn cultivation of comparably degraded
lands in other parts of the Philippines. 

After several years of cultivation, farmers
implementing SALT realized yield increases
estimated at 300 percent. Increased yields al-
lowed farmers to satisfy their subsistence
needs on less land, and the ‘‘extra’’ land could
then be used for planting fruit, vegetables, and
other cash crops. As a result, net income of
farmers who switched from slash-and-burn
cultivation to hedgerow cultivation typically
increased by $400 per hectare.

Even though SALT required more labor, the
return to the technology was 25 percent greater
than with traditional slash-and-burn cultiva-
tion. And when additional economic benefits
are taken into account (for example, potential
for livestock production and crop diversifica-
tion), economic incentives for adopting SALT
are even greater.

In Nepal, improved water management has
enabled farmers to double- or triple-crop their
fields, resulting in a doubling or tripling of
yields. Increased yields has permitted farmers
to shift from subsistence crops to cash crops
and other market-oriented enterprises, which
has contributed to increased incomes. Addi-
tional income has permitted increased savings
and investment at both the household and com-
munity levels. At the community level, savings
have been pooled and invested in infrastruc-
ture such as public buildings and elementary
schools. 

Reforestation activities have also contrib-
uted to improved household welfare. For

example, the time women used to spend col-
lecting grass, fodder, and fuelwood can,
thanks to reforestation, be devoted to other
activities. Time saved can be substantial: one
study found  that hill women in deforested ar-
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eas of Nepal spend, on average, 21⁄2 hours
daily on foraging.

Environmental Impact

Saltwater intrusion dikes and water reten-
tion dams introduced in the Gambia have had
a significant positive environmental impact for
lowland rice farmers. The effect is most dra-
matic where salinization made fields impossi-
ble to cultivate, and dikes and dams reversed
this situation. In all, the saltwater intrusion
dikes and water retention dams protect critical
portions of 15 percent of the lowland rice-
growing areas of the country. Benefits of con-
servation structures introduced to upland
farmers are less striking. The structures help
reduce soil erosion and flooding on about
only 1 percent of upland farming areas.

Of the three conservation technologies re-
viewed by the evaluation team in Mali, instal-
lation of rock lines in farmers’ fields has had
the greatest environmental impact. Rock lines
have resulted in decreased soil surface erosion,
increased water retention, improved soil
buildup, and increased crop yields in areas
adjacent to the rock line. Although quantita-
tive data on results were limited to the number
of meters of rock lines actually installed, as-
sumptions about positive effects of the tech-
nology were based on results in other Sahelian
countries with conditions similar to those
found in Mali. 

In Jamaica perennial trees were planted on
steep hillsides susceptible to soil erosion.
More than one million coffee and cocoa trees
were planted, and more than two million trees
were resuscitated on nearly 7,000 acres. The
initiative has reached more than 9,500 benefi-
ciaries. In addition, the Hillside Agriculture
project introduced structures to control soil
erosion, including more than 38 miles of
ditches, 1,000 gully plugs, more than 16 miles
of grass barriers, 26 miles of wooden barriers,
and nearly 3,500 plant basins.  It is clear these
interventions have helped reduce soil losses on
highly erodible steep lands, but, as in Mali,
there are no direct measures of reduced ero-
sion. 

Adoption rates of SALT in the Philippines
have varied considerably, depending on the
particular site. At most sites visited by the
evaluation team, the technology has resulted in
increased terrace formation and soil stabiliza-
tion----clear environmental benefits. 

The evaluation team in Nepal did not gather
much quantitative data to evaluate environ-
mental impact. However, the team did observe
farmers using multipurpose trees and fodder
grasses and legumes to stabilize slopes and
provide animal fodder. At the time of the visit,
community-based groups were practicing af-
forestation to increase overall vegetative cover
and protect land surrounding springs and irri-
gation canals. In addition, some farmers were
using manure obtained from stall-feeding live-
stock to improve soil fertility. The practice has
a direct environmental impact.
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USAID PROGRAMS are designed to be ef-
fective, efficient, sustainable, and repli-

cable; and CDIE evaluations examine the
extent to which USAID programs satisfy these
objectives. This synthesis is no exception.

Program Effectiveness

Generally speaking, a program is effective
if it reaches the population it intends to benefit
and if the results are those anticipated and
desired in the design of the activity. 

The soil and water conservation activities
supported by USAID in the Gambia were ef-
fective on both counts. This was due in large
measure to 1) selection of comparatively sim-
ple, low-cost, and easy-to-maintain technolo-
gies; 2) direct and readily apparent linkage
between the problem (reduced productivity
due to saltwater intrusion) and the proposed
solution (construction of saltwater intrusion
dikes); 3) ability to demonstrate significant,
short-term benefits to those participating in
the activity; and 4) willingness of community
members to redistribute reclaimed lands
brought into production equitably. 

From 1983--84 to 1992--93, 1,611 hectares of
lowland ricelands were rehabilitated, and soil
conservation measures were applied to 1,920
hectares of upland area. As a result, 140 vil-
lages and 30,000 people were positively af-

fected. Women, the rice growers in the Gam-
bia, were principal beneficiaries.   

The 2 percent of Mali that is arable was
targeted under USAID’s sustainable agricul-
ture program. From 1989 through 1992, 1,711
meters of rock lines and 19,740 meters of dikes
were constructed. In addition, since the pro-
gram was premised on the belief literacy was
essential to project success, more than 500
literacy centers were established----65 percent
for men, 20 percent for women, and the re-
mainder for mixed-sex groups. Beyond that,
there was no targeting of persons or groups.
Soil conservation practices have generally not
been adopted, except by farmer demonstrators.
And the results of the literacy program appear
minimal. In fact, the problem of agricultural
unsustainability, which received much atten-
tion in the 1970s during a major drought, has
worsened since then as a result of continued
rainfall shortages, population pressures, defor-
estation, and poor cultivation practices.   

Although the majority of hillside farms in
Jamaica are small (70 percent are less than 5
acres; 95 percent, under 10) the Hillside Agri-
culture project did not attempt specifically to
reach the smallest or poorest farmers. On the
contrary, it attempted to reach those who had
secure land tenure, had a dedicated attitude
toward farming, and were young (in a country
where the average age of farmers is 55).  All
participants (more than 9,500), regardless of

5
Program Performance
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income level or farm size (which averaged two
thirds of an acre), received the same benefits:
enough seedlings and fertilizer to cover not
more than one acre of land. Neither the hus-
band nor the wife benefited more than the
other; additional income generated under the
project was treated as family income and
shared between the two.

Sustainable agriculture projects in the Phil-
ippines targeted one of the poorest regions of
the country, where people for the most part had
been overlooked by government programs.
The technology introduced, SALT, required
limited financial resources and was available
to any farmer with land to cultivate. In addi-
tion, the program generated benefits for neigh-
boring farmers and landless residents, who
were hired to help establish and later prune
hedgerows. The program also generated public
benefits, such as reduced flood risk, not tar-
geted to specific groups. 

In Nepal, women and disadvantaged groups
have a predominant role in decisions related to
agricultural production and resource use. It
was logical, therefore, to target these groups as
the primary project beneficiaries. Many
formed user groups (equitably represented by
gender, caste, and ethnicity) in the course of
implementing and managing the conservation
activities. In the Pereni subwatershed, for ex-
ample, farmers increased irrigated area to 180
hectares from 45 hectares over a four-year pe-
riod and also rehabilitated eroded soils.

Program Efficiency

Program efficiency assesses benefits in re-
lation to costs. For a program to be efficient,
benefits must, at a minimum, equal the return
that could be earned on alternative investments
elsewhere in the economy. 

Economic analysis of the soil and water con-
servation program in the Gambia showed that
during the 13-year project period the benefit--
cost ratio was 0.76 to 1. Benefits were less than
costs, indicating the project was not economi-

cally viable over that time period. According
to the analysis, the break-even year would be
2006. At that point, benefits would just equal
costs, for a benefit--cost ratio of 1:1. 

When the analysis excluded the 13-year do-
nor phase of the project, treating costs incurred
then as sunk costs, and instead included only
the 14-year period ending in 2006 (the break-
even year), the benefit--cost ratio was 5.18 to
1. This means that each dollar expended on the
soil and water conservation program would
return more than $5, which, from the govern-
ment’s point of view, is very attractive. 

In Mali no attempt was made to assess the
economic efficiency of the two USAID pro-
jects, Haute Vallée du Niger I and Haute Vallée
du Niger II. Analyses show, however, that con-
struction of rock lines to reduce soil erosion
and restore soil quality was financially viable
from the farmers’ point of view, depending on
the means used to transport the rocks. To con-
struct 100 meters of rock lines took 40 days of
labor using headloads, 21 days using carts, and
10 days using trucks. If the rocks were trans-
ported by truck, construction of rock lines had
a high internal rate of return. But when the
more rudimentary modes of transport were
used, the rate declined.  

In Jamaica the Hillside Agriculture project
was judged economically feasible in 1987
when the project was designed. The internal
rate of return was estimated at 9--22 percent,
depending on assumptions concerning rates of
adoption, commodity prices (mainly of coffee
and cocoa), wage rates, and yield increases.
But yield increases for coffee had been overes-
timated by a factor of 2, at least. When internal
rates of return were recalculated under the as-
sumption coffee yields were half those as-
sumed in the 1987 analysis, estimated rates of
return ranged from 6 to 18 percent, and esti-
mated project benefits were cut almost in half.

SALT had not spread sufficiently in the
Philippines to cover the costs of the Farming
Systems Development project and the Rain-
fed Resources Development project. As of
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1993, only about 2,000 hectares were being
cultivated with the use of SALT----out of 9.5
million hectares of public uplands where the
technology could be applied. Assuming bene-
fits of the hedgerow technology were $400 per
hectare, a total of 41,250 hectares would have
to be put under SALT cultivation to cover the
costs of the projects. But $400 per hectare is a
conservative estimate. If other benefits (re-
duced flooding, more stable watersheds, im-
proved opportunity to grow cash crops) were
included in the analysis, fewer than 41,250
hectares would have to be cultivated using
SALT in order to cover project costs. 

The evaluation team in Nepal did not esti-
mate the economic efficiency of soil and water
conservation programs implemented under the
Resource Conservation and Utilization project
and Rapti I. Nonetheless, the team concluded
the program was not efficient, mainly because
it depended on large-scale, costly engineering
works. Also, it used a top-down approach to
introduce the technologies without involving
beneficiaries, and technologies were not
widely adopted. Since the infrastructure is
now in place and the user-oriented approach is
being used, the natural resource component of
Rapti II is likely to be more efficient than
Rapti I. 

Sustainability 
and Replicability

A final issue is whether the soil and water
conservation programs were sustained after
USAID assistance ended. 

USAID’s soil conservation work in the
Gambia is both sustainable and replicable.
Farmers realized good returns on their labor
investments, and there is solid evidence they
are maintaining their dams and barriers, even
extending them where possible. The staff of
the Soil and Water Management Unit, the main
institution strengthened by USAID, has the
technical capability to continue to design the
saltwater dikes and water retention dams that

have had such positive results. To do this, how-
ever, the unit will need continued funding from
the Gambian government or donors. Although
soil salinization problems are generally site-
specific, the technologies applied in the Gam-
bia can be replicated elsewhere, such as in
neighboring Senegal, where conditions are
similar. 

Similarly, the rock line technology intro-
duced by USAID in Mali to conserve soil
moisture can be successfully extended to other
areas with similar soils, slopes, cropping pat-
terns, and rainfall----within Mali and in other
Sahelian countries. The positive returns to la-
bor invested in building rock lines make it a
financially sustainable technology for most
farmers. It may not, however, be institution-
ally sustainable at the village level. Conserva-
tion structures should be installed to cover
fairly large areas, usually most of the sloping
fields of the watershed. This requires village-
level organizations. The capacity to organize
farmers, therefore, is a key determinant of
whether or not the technology is replicated. 

Improved soil conservation techniques used
in Jamaica have been applied in many coun-
tries. The practices work well and are replica-
ble under similar soil, climate, and cropping
conditions. However, long-term sustainability
of these practices in Jamaica is questionable.
This is not because they require a large invest-
ment----they do not. Rather it is because farm-
ers require institutions to supply services
(such as credit), inputs (such as seedlings and
fertilizer), and markets. In Jamaica, these in-
stitutions at the local level tend to function
poorly. 

The hedgerow technology, SALT, devel-
oped in the Philippines can work well in many
countries, particularly where steep slopes and
acid, infertile soils are being converted from
forest to cropland. Moreover, farm-level eco-
nomics makes SALT profitable. The technol-
ogy is replicable as long as there are viable
institutions, such as an extension service, to
introduce it and train farmers in its use. In the

Agriculture and the Environment 21



Philippines, NGOs were one of the most im-
portant institutions to perform this function.
But NGOs may not operate in or have re-
sources to extend SALT to all areas of the
country. 

The CDIE evaluators noted that upland farm
management systems need an ‘‘economic en-
gine’’ for sustainability and spread. Sloping
agricultural lands technology succeeds best
where farmers and local communities have

linked it to profitable cash enterprises such as
growing fruit trees or raising livestock. Where
not integrated with cash enterprises, SALT has
often been abandoned.

The techniques introduced in Nepal are sim-
ple and require no large investments or com-
p l ica ted  t r a in ing  p rograms .  They  a re
replicable both within the country and in other
countries. In fact, all the technologies used in
Nepal are routinely applied elsewhere.
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FOUR MANAGEMENT RECOMMENDATIONS
emerge from this synthesis. Two are

based on experiences and lessons learned in
all five countries evaluated. The other two are
based on evidence found in only three or four
of the countries. 

1. Economic benefits. Introduce conserva-
tion technologies that yield significant eco -
nomic (as well as environmental) benefits in
a relatively short time.

• In the Gambia, rice production doubled
and sometimes tripled----in one year----in
areas where saltwater intrusion dikes
were constructed. Because the benefits
from contour berms were typically less
immediate and less appreciable, adop-
tion of this technology was less wide-
spread. 

• In Mali economic benefits resulted from
adjusting policies that had discouraged
adoption of sustainable agricultural tech-
nologies by keeping the price of chemi-
cal fertilizers lower than that of more
environmentally friendly organic fertil-
izers. 

• In Jamaica farmers received immediate
economic benefits (free seedlings, fertil-
izer, and technical advice), more than
compensating for the three or four years
it took for seedlings to produce coffee or

cocoa. Resuscitation of existing trees al-
most doubled yields within two years. 

• In the Philippines farmers abandoned
the sloping agricultural lands technology
if it was not linked with a profitable cash
enterprise. 

• In Nepal conservation practices linked
to increased rural incomes were more
likely to be adopted than those that were
not.

2. Simple technology. Introduce conserva-
tion technologies that a) are easy to main -
tain, b) place minimal demands on labor, c)
require few changes in existing practices,
and d) are simple and relatively inexpensive.

• In the Gambia saltwater intrusion dikes
satisfied most of these criteria. 

• In Mali rock lines and other conserva-
tion structures were simple and rela-
tively inexpensive, as was organic
fertilizer recycling; all these measures
complemented existing practices.

• In Jamaica perennial tree crops planted
under the Hillside Agriculture project
were familiar to farmers, and improved
practices were simple to adopt (although
additional labor requirements sometimes
were a problem). In contrast, conserva-
tion technologies promoted under the In-

6 Management
Recommendations
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tegrated Rural Development project
were complex, expensive, and unfamiliar
to farmers, and they required changes in
existing practices. 

• In the Philippines SALT was not a sim-
ple technology, but it worked, because
systematic training (including farmer-to-
farmer training) ensured that farmers
adopted the technology without commit-
ting errors that could lead to poor results.

3 .  Loca l  ins t i tu t ions .  Support and
strengthen local institutions and organiza -
tions that supply inputs, technical advice,
and markets to help ensure the sustainabil -
ity of conservation programs. 

• In  the Gambia,  USAID stayed the
course by supporting the Soil and Water
Management Unit for 13 years. Unless
there is continued budgetary support,
though, the unit’s ability to provide tech-
nical advice at the local level will be
limited. 

• In Mali the Mission supported village-
level organizations and institutions that
linked farmers with improved technol-
ogy and the inputs they needed to apply
that technology. 

• In Jamaica long-term sustainability of
the conservation activities is question-
able, largely because government institu-
t ions that  supply inputs,  technical
advice, and markets lack the budget and
the staff to do so efficiently; NGOs, how-

ever, are filling the gap in some loca-
tions.

• The same is true in the Philippines,
where local NGOs and farmer organiza-
tions provide technical advice and inputs
and will continue to do so as long as they
are adequately funded. 

• In Nepal local organizations and com-
munity participation helped keep the
natural resource management programs
in operation.

4. Secure tenure. Support soil and water
conservation programs only when intended
beneficiaries have secure access to land.   

• In the Gambia, community members re-
distributed reclaimed land equitably to
those who worked to construct and main-
tain the saltwater intrusion dams. 

• In Jamaica secure land tenure, one crite-
rion used to select farmer beneficiaries,
was especially important to make sure
farmers would reap the benefits of plant-
ing and maintaining perennial tree crops
long into the future.

• In the Philippines certificates of stew-
ardship provided individual farmers,
community organizations, and small
firms 25-year rights to public land in
designated upland areas. Farmers who
did not own land received the land-
owner’s assurance of at least medium-
term access to the land.
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THIS ASSESSMENT IS BASED on five coun-
try case studies. The countries were se-

lected from among those identified in a desk
study commissioned by CDIE (CDIE 1992):
two in Africa (the Gambia and Mali), two in
Asia (the Philippines and Nepal), and one in
Latin America and the Caribbean (Jamaica).

Assessment teams conducted fieldwork in
each country. Each team had three or four
members, including a leader (typically an
economist), an agricultural specialist (gener-
ally an agronomist or natural resource special-
i s t ) ,  and a  socia l  sc ient i s t  (usual ly  an
anthropologist). In four of the five countries
(all  except Jamaica) the teams assessed
USAID-funded activities in forestry as well as
sustainable agriculture. These four teams in-
cluded a forestry expert. In some countries (the
Gambia, for example), translators, enumera-
tors, and research assistants served on the
teams. Fieldwork began in the Philippines in
July 1993 and ended in Jamaica in June 1994.
The teams spent about four weeks in each
country. 

A uniform analytical framework was used to
assess the impact of USAID sustainable agri-
culture programs. This ensured comparability
among the five studies and aided synthesis of
findings. The analytical framework specified
two kinds of impacts, environmental and so-
cioeconomic. It also identified four factors or
strategic interventions most likely to contrib-

ute to or explain program impact: introducing
new conservation technologies and practices,
promoting environmental education and
awareness, strengthening local and national
institutions, and ensuring an appropriate pol-
icy environment. 

The teams relied on three main sources of
information: 1) Documentation available in
Washington and the USAID Mission in each
country. Program and project evaluations as
well as analytical work concerning the inter-
face between soil and water conservation on
the one hand and agricultural production on
the other were especially important. 2) Key
informant interviews with people familiar with
USAID-supported activities in sustainable ag-
riculture. These people typically included gov-
ernment officials and representatives of donor
agencies and NGOs. 3) Site visits where
USAID-supported activities had been imple-
mented.  

The four strategic interventions served as
the organizing principle for developing survey
instruments and topical guides. These were
used to conduct key informant interviews, re-
cord descriptive information at each site vis-
ited, and gather data on biophysical and
socioeconomic impact. They were designed to
provide a structure in which to conduct the
interviews; they were not designed to elicit
quantitative information that could be statisti-
cally analyzed across villages or farmers.

Appendix
Evaluation
Methodology



Sites visited by each team were selected
against criteria that would ensure, among other
things, geographical balance within the coun-
try, so that no greater or lesser weight was
given to known success stories. It was usually
possible to visit sites where USAID funding
had ended (as distinct from projects still under
way), that is, where long-term impact of the
projects could be assessed. 

The number of sites visited by teams varied,
depending in part on logistical considerations.

In the Gambia, for example, 10 sites were vis-
ited over a six-day period. Each site visit re-
quired about 21⁄2 hours.  In contrast ,  the
Jamaica team conducted 28 field interviews at
11 sites, primarily with individual farmers.
Each farmer interview required one to two
hours. Because of the settlement pattern, there
were no group (or village) interviews in Ja-
maica as there had been in the Gambia, but
rather individual farmer interviews. 
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