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Introduction
 

Aid to the Third World is subject to fashions. Some are triv­

ial and short-lived; but others are longer lasting and reflect 

deep concerns about the nature and direction of development. 

Today's fashion is "sustainable agriculture". Whether it has any 

permanence remains to be seen, but there is no doubt that it has 

attracted attention throughout the aid community - development 

workers in the field, as well as researchers, academics, and the 

policy makers of the development agencies. This book is about 

the place of sustainable agriculture in the context of develop­

ment and the steps which need to be taken if it is to be more 

than a passing fashion. 
Inevitably, given such widespread intere,:', the phrase "sustain­

able agriculture" is open to many interpretations: 

* 	 For agriculturalists it embodies a desire to consolidate and 

build upon the achievements of the green revolution. They 

equate sustainability with food sufficiency, and sustainable 

agriculture can embrace any means toward that end. 

* 	 For environmentalists, though, the means are crucial. Sustain­

able agriculture represents a way of providing sufficient 

food and fibre that complements and, indeed, enhances 

our natural resource endowment of forests, soils and 

wildlife. For them, sustainability means a responsibil­

ity for the envirmment -- a stewardship of our natural 

resources. 
* 	 For economists, sustainability is a facet of efficiency, not 

short-run efficiency alone, but the use of sc .rce resources in 

such a fashion as to benefit both present and future genera­
tions. 
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0 	 Finally, sociologists see sustainable agriculture as a reflec­
tion of social values. They define it as a development path
that is consonant with traditional cultures and institutions.I 

These are very different, and in some cases contrasting,
interpretations, but in the last few years the disciplines and 
interest groups they represent have come together to promote
sustainable agriculture in a manner that has proven highly effec­
tive. Today, sustainable agriculture is widely accepted as a goal to 
be incorporated explicitly into policy papers and project designs.
Unfortunately, though, this coalition of interests, rather than 
clarifying the subject, has tended to blur concepts and defini­
tions even further. Virtua'lly everything that is perceived as being
"good" or benign is included under t' - umbrella of "sustainable 
agriculture": 

* 	 high, efficient and stable production 
* 	 low and inexpensive inputs, in particular making full use of 

the techniques of organic farming and indigenous traditional 
knowledge
 

" food security and self-sufficiency
 
* 	 conservation of wildlife and biological diversity
* preservation of traditional values and the small family farm
 
* 
 heip for the poorest and disadvantaged (in particular those 

on marginal land, the landless, women, children and tribal 
minorities) 

* 	 a high level of participation in development decisions by the 
farmers themselves. 

Many, if not all, of these goals are commonly considered to 
be desirable. But, as those with practical experience of develop­
ment know, while it is relatively straightforwar,4 to attain one or 
two such goals, it becomes progressively difficult as more and 
more objectives are included in programme and project designs.
There are trade-offs, in terms of labour, time, skills and capital,
for the project and its staff, and for the farmers themselves. 
Choices have to be made - productivity at the expense of equity,
for example, or sustainability at the expense of productivity. 
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Not surprisingly, attaining sustainable agriculture as currentiy 
defined is a difficult task. 

After the green revolution 

One cause of confusion is the fact that sustainable agriculture 
represents a new, and as yet barely tried, phase in develop­
ment thinking. It is an important and significant departure 
from approaches previouslx associated with the green revolu­
tion; but the development .nmunity is still at that crucial 
transition stage where it ha, a notion of what the ultimate goal 

should be, but has vet to dc elop a clear, logical framework, or 

coherent methodological approach, for its practical implementa­
tion. 

Agricultural development thinking in the 1960s and 1970s was 
preoccupied with the problem of feeding a rapidly increasing 
world population. Then, the obvious solution was to increase 
per capita food production. ['he rCsulting green revolution has 

had a dramatic impact on the Third World, particularly in 

terms of increasing the vields of the staple ceveals - wheat, rice 
and maize. H-owever, despite impressive results, it also suffers 

from problems of equity and failures in achieving stability and 

sustainabilitv of prodtcutoi For example, the new technologies 
are less stiitable to resoi.irce-poor environments; farmers with 

smal or marginal holdings have, on the whole, benefited less 

than farniers with larger hold ings. Intensive monocropping has 

also made production more sulsccptible to environmental stresses 
and shocks. And now, there is growing evidence of diminishing 

returns frol intensive production with high-yielding varieties 

H\YVs,. Moreover. it has become clear that these are not sin­

pIl' second or third generation problems capable of being solved 

1w further technological adjustments. They require an approach 

that is equally revoluii tionary, vet very different in its conceptual 
and operational style. 

lowever, if sustainable agriculture is to be more than just a 
slogan of the post green-revolution era, more than a broadly 

stated objective open to as many interpretations as there are 
practitioners, then we need to define as clearly as possible what 
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this means in both theory and practice. It is ,o this purpose that 
our book is addressed. 

Sustainable agriculture for development 

This book emphasizes three main themes. First, the incorpora­
tion of sustainability of agricultural production as a development 
objective requires explicit recognition and understanding of the 
trade-offs involved with other objectives. During the green
revolution, maximizing agricultural yields was the paramount 
objective. But this was atained without sufficient attention to 
the sustainability and stability of production, or to how the 
benefits were distributed. In the post green-revolution era, all 
these objectives are important, yet practical experience shows 
that it is by no means easy to combine high sustainability with 
high productivity, stability and equity. Often there are severe 
trade-offs which, if they are to be overcome, require explicit 
recognition and analysis. 

Second, the problems confronting the sustainability of 
agricultural systems are not confined to just one hierarchical 
level - local, nationa! or international. Agricultural systems do 
not exist in isolation. They are linked across these hierarchical 
levels. Local production systems are tied by markets and by
agro-ecological zones, to regional production areas, which in turn 
are linked to the national level and to the outside world through, 
among other things, international trade. Thus shifts in world 
prices or in national agricultural policies can exert powerful
influences on the livelihoods of farming hou.;eholds. Similarly, 
changes in global climates, droughts and floods, pest and disease 
epidemics, and other large-scale calamities, have a profound 

apact on local production. In the opposite direction, the numer­
ous decisions of individual households in pursuit of secure liveli­
hoods, cumulatively affect the agricultural production of natioi-, 
as a whole. 

These interlinkages are not simple. The behaviour of higher
levels in the hierarchy cannot be reduced to the sum of behav­
iours at lower levels, nor are the latter the simple disaggregate 
of the former. This has practical consequences; desirable 
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interventions at one level will not necessarily have beneficial effects 
at another. Agricultural development cannot be based solely, or 
largely, on genetic engineering, or macro-economic policy, or even 
on farming systems research. Instead, the uniqueness of each 
production system in the agricultural hierarchy, and the hierarchi­
cal linkage between the different levels, mean that the problems 
confronting sustainable agriculture must be tackled, in aconcerted 
fashion, at all levels - local, national and international. 

Finally, putting these two themes together., proper analysis of 
sustainable agriculture for development requires a consideration 
of the irade-offs between sustainability and other development 
objectives among, as well as within, the different levels of the 
agricultural hierarchy. For example, the macro-economic geal of 
stimulating increased productivity of an agricultural commodity 
must be weighed not only against the overall nationai objective 
of sustaining agricultural development, but also against the 
impacts of such a policy, (and the pricing and other instruments 
used to implement it), on the sustainability, equity and stability 
of local productioni systems. Equally, the development of new 
farming syrtems at the local level - to overcome an environmen­
tal stress such as soil erosion, for example - must take into 
accorrt overall national objectives, such as the Peed to earn for­
eign exchange, if these new systems are to be successfully adop­
ted. In other words, the sustainability of agricultural develop­
ment will depend on the analysis of each level in thu agricultural 
hierarchy, both in its own right and in relation to the other 
levels above and below, with this totality of undcntanding then 
being used as the basis of development. 

Outline of the book 

These themes form i'"c tasis of the theory and practice of 
sustainable agriculture disciisscd in this book. The heart of 
the book examines the priorities and conditions for improving 
agricultural sustainability in developing countries: 

0 	 at the international level, focusing on the constraints of 
trade and the global economic order (Chapter 3) 
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0 4, the national level, on the resource policies and strategies 
of governments (Chapter 4) 

0 at the local level, on the needs of rural households, includ­
ing their right and desire to participate in the crucial deci­
sions that affect their livelihoods (Chapter 5). 

The analyses in these chapters are intended to illuminate the 
main trade-offs among development goals and objectives and 
hence make explicit the choices con.fronting policy makers, phn­
ners and development agencies. However, before embarking on 
these analyses, we need to have a clear definition of sustainable 
agriculture and how it relates to other concepts of development.
Thus, in Chapter 1 we describe briefly the way in which the 
notion of sustainability emerged out of the post-war evolution in 
ideas of development. In Chapter 2 we discuss the physical and 
biological basis of sustainability and the implications of adopting 
it as an indicator of agricultural performance. 

We conclude the book in Chapter 6 with a summary of the 
priorities for the new phase of agricultural development which 
will carry us into the next century. We stress the need to: 

* 	 reorientate agricultural research and development efforts to 
cater for neglected marginal and resource-poor lands, as 
well as to improve the sustainability and stability of exist­
ing intensive agricultural production 

" complement these research priorities with appropriate policy 
measures and institutional changes

" change existing philosophies and practices away 1':om a top­
down, technology-driven approach to one that is more sensi­
tive to farmers' goals and needs. 

At the local level we believe there is an important role for 
the analysis of changing agricultural conditions and systems
through Rapid Rural Appraisal methods, and other techniques,
which facilitate the flow of critical information to policy makers 
and planners at the national level. The Appendix provides an 
introduction to such rapid appraisal techniques. 
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Notes 

1. 	For a discussion of the different strands of thinking in sustainable 
agriculture, see G.K. Douglass, (ed.), Agricultural Sustainability in 
a Changing World Order (Boulder: Westview Press, 1984). 



1. Ideas of Development
 

Although the over-all aim of post-war development has been, and 
continues to be, the alleviation of mass poverty and the improve­
ment in living conditions fbr the world's poorest populations, 
the strategy - and thus meaning - of economic development has 
undergone three important shifts over the post-war period.' 

Economic growth 

The first important phase, during the 1950s and early 1960s,
equated economic development with economic growth, as defined 
by a sustained increase in real per capita gross national income.2 

In many ways the policies advocated and implemented during this 
phase were successful. Growth rates and savings grew, as did 
industrial capacity, in much of the Third World. Between 1950 
and 1975 growth in gross domestic product (GDP) per capita aver­
aged 3.4% per annum for all developing countries (Table 1.1).
But critics argued that such growth did not necessarily "trickle 
down" to the poorest. Indeed there was accunilating evidence in 
the Third Worl of growing numbers of people below an absolute 
poverty line, of increasing income disparities between rich and 
poor, and of continuing underemploymciit and unemployment. 3 

This realization led to two shifts in conventional, non-Marxist 
development thinking. 

Growth with redistribution 
The first shift -- in ti'e late 1960s and early 1970s - emphasized
"growth with redistribution". 4 Economic growth was still the 
main objective, but the emphasis now was to be on growth 
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that would improve the standard of living of the poorest income 
groups. Agriculture became the priority sector, since it had the 
potential to eliminate malnutr-.ion and hunger, absorb surplus 
labour and boost foreign exchange earnings.5 Export-led growth 
was also promoted, so stimulating the growth of labour-intensive 
manufacturing and providing foreign markets for commercial 
agriculture. 

6 

Basic needs 
A more recent and radical shift in perspective was the "basic needs" 
approach. Sparked by the call for a "basic needs strategy" at the 
1976 World Employment Conference of the International Labour 
Organization (ILO), this approach argued that absolute poverty 
cannot be reduced unless the essential needs of the poor - nutri­
tion, health, water supply, shelter, sanitation and education - are 
met, together with the fulfilment of certain non-material, but also 

Table 1.1: Changes in gross domestic product (GDP) of 
developing countries, 1950-75 

GDPper caput Annual 
(1974 US$) growth rate 

1950 1975 %p.a. 

South Asia 85 132 1.7 
Africa 170 308 2.4 
Latin America 495 944 2.6 
East Asia 130 341 3.9 
China 113 320 4.2 
Middle East 460 1,660 5.2 

All developing 160 375 3.4 
countries 

Source: D. Morawetz, Twenty Five Years of Economic Development 1950-75 
(Baltimore, 1977), p.13. 
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Table 1.2: Developing country populations lacking basic needs 

Millions 
1974 

po
% total 
pulation 

Millions 
1982" 

% total 
population 

Latin America 
Near Easta 
Asiab 
Tropical Africa 

94 
40 

759 
205 

30.6 
26.0 
53.0 
67.6 

86 
36 

788 
210 

23.2 
18.0 
60.0 
54.0 

All developing 
countries 

1,098 56.0 1,120 47.0 

Notes: a Middle East and African oil exporters 
b Excluding China 
c Proiections from 1974 data 

Source: M.J. D. Hopkins, "Aglobal forecast of absolute poverty and employment", 
IntenationalLabour Review, vol. 119, pp.565-79, 1980. 

essential, needs of self-reliance, security and cultural identity. Just 
how many people lack such Lasic needs is difficult to determine, 
but one estimate puts the figure at over a billion (Table 1.2). The 
basic needs strategy recognizes that growth by itself- even egali­
tarian growth or redistribution from growth - does not guarantee 
that basic needs will be met. 7 Instead, development policies must 
ensure these needs are met through increased supply of essential 
goods and services to the poor; through direct government inter­
vention, if necessary, rather than relying on market forces. 
Moreover, this may have to entail some sacrifices in savings, pro­
ductive investment and overall growth. The objective is a "new 
kind of economic growth", enabling basic needs to "be achieved 
by redistributing resources within the social sectors and by a 
reorientation of growth, so that the deprived participate". 8 



Ideas of Development 19 

Sustainability 
A concern for "sustainability" represents the most recent shift 
in development thinking. 9 In common with the "basic needs" 
strategy, the emphasis is on improving the livelihoods of the 
poor. However, this approach additionally argues that lasting 
improvement cannot occur in Third World countries unless 
the strategies which are being formulated and implemented are 
environmentally and socially sustainable; that is they maintain 
and enhance the natural and human resources upon which 
development depends. 

This requires, on the one hand, national policies, regulations 
and incentives to induce economic behaviour that is "environmen­
tally rational", i.e. that yields optimal benefits in both the short 
and long term from the world's endowment of natural renewable 
resources:"' and on the other, development projects which are 
both ecologically sound and consistent with indigenous social 
values and institutions. To achieve this, it is argued, riot only is 
local knowledge required but so is the full participation of the 
beneficiaries in the development process. 

The green revolution 

These shifts in overall development thinking have been mirrored 
by similar concerns within the somewhat narrower focus of 
agricultural development. Beginning in the 1950s there was an 
increasing preoccupation with the problem of feeding a rapidly 
growing world population. The goal of increasing per capita 
income was to be matched by rising per capita food produc­
tion, and the means was the green revolution, largely funded 
by the international donor community and engineered by the 
International Agricultural Research Centres (IARCs). In essence 
it focused on three interrelated actions: 

* 	 breeding programmes for staple cereals that produced early 
maturing, day-length insensitive and high-yielding varieties 
(HYVs) 

* 	 the organization and distribution of packages of high pay-off 
inputs, such as fertilizers, pesticides and water regulation 
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* 	 implementation of these technical innovations in the most 
favourable agroclimatic regions and for those classes offarmers 
with the best expectations of realizing the potential yields. II 

Its impact in the Third World, particularly on wheat and rice 
production, has been phenomenal; between one-third and one­
half of the rice areas in the developing world are planted with 
HYVs. In the eight Asian countries that produce,85 per cent 
of Asia's rice (Bangladesh, Burma, China, India, Indonesia, 
Philippines, Sri Lanka and Thailand) HYVs add 27 million 
tonnes annually to production, fertilizers another 29 million 
tonnes and irrigation 34 million tonnes.' 2 Estimates of the 
contribution of new HYVs to increased wheat production in 
developing countries vary from 7 to 27 million tonnes. 

Per capita food production 'n the developing countries has 
risen by 7% since the mid 1960s, with an increase of over 27% 
in Asia (Figure 1.1). Only -n Africa has there been a decline. 

Post green-revolution problems 

These impressive results have been associated, though, with 
significant equity, stability and sustainability problems. 13 For 
instance, while producers have widely adopted the new HYVs 
irrespective of farm size and tenure, factors such as soil qual­
ity, access to irrigation water, and other biophysical-agroclimatic 
conditions have been formidable barriers to adoption. Farm­
ers without access to the better-endowed environments have 
tended not to benefit from the new technologies, which partly 
accounts for the relative lack of impact of the green revolution 
in Africa. But even under favourable conditions in Asia or Latin 
America, a significant gap persists between performance on the 
agricultural research station and in the farmer's field. 

The higher productivity of rice and wheat, relative to other 
crops for which no green revolution has yet occurred, has led 
many farmers to substitute these cereals for other staples and 
for more traditional mixed patterns of cropping. The resulting 
widescale monocropping has been associated with increased out­
put variability, as crop yields grown with the new technologies 
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may be mere sensitive to year-to-year fluctuations in input use 

arising from shortages or price changes. For example, although 

the modern varieties are more responsive to fertilizers than trad­

itional varieties, farmers have to apply higher levels of fertilizer 

to the modern varieties if they are to get the full benefits. Thus 

the gap between actual and potential yields is highly sensitive to 

the price of rice relative to that of fertilizer. Evidence from the 

Philippines, Thailand, Indonesia, Sri Lanka and Taiwan reveals 

that where it takes iess than 0.8 kg of rice to buy 1 kg of urea, 

the yield gap attributed to fertilizer is 0.5 tonnes per hectare 

(tonnes/ha) or less. But where it takes over 1.5 kg of rice to buy 

1 kg of urea, the yield gap generally exceeds 1 tonne/ha. 14 

Intensive monocropping with genotypically similar varieties 

has also led to increasing incidence of pest, disease and weed prob­

lems, sometimes aggravated by pesticide use. Severe outbreaks 

Figure 1.1: Changes in percapita food production between 1964 
and 1986 
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Sources: FAO Production Yearbook (Rome: Food and Agriculture Organization, 
various years) 
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of the brown planthopper occurred on rice in the 1970s with losses 
in 1977 in Indonesia of the order of 2 million tonnes. Planthoppers 
are naturally controlled by wolf-spiders and a variety of other 
natural predators and parasites which are destroyed by many ol the 
pesticides commonly used on rice. 15 

There are now signs of diminishing returns to the HYVs and 
high pay-off inputs in intensive production. Perhaps, more impor­
tant, the experience on less well-endowed farms, particularly in 
Africa, suggests there are real limits t) replicating the successes 
of current green revolution technologies and packages in more 
marginal agricultural areas. 

The problems, moreo'er, have not only been due to inappropri­
ate technologies but to the nature o, the accompanying national 
agricultural policies. These have tended to bc short-term in nature, 
focusing exclusively on output growth and ignoring both the small 
farmer and the continuing degradation of the resource base. 
Credit, tenurial and marketing arrangements have tended to favour 
the adoption of the new technologies by larger rather than smaller 
farmers, while uniform pricing structures and standar,ized criteria 
for support services have encouraged inappropriate cropping pat­
terns and their associated technologies. In these and many other 
respects such policies are diametrically at odds with the goal of 
sustainable development. 

A new :ihase of agricultural development 

These problems and failures are now commonly acknowledged 
by development practitioners and policy makers. In recent years 
they have also received prominence in a number of highly influen­
tial reports. Most notable has been the report of the World 
Commission on Environment and Development- the "Brundtland 
Report" - which argues for "environmentally sustainable 
economic growth" for the Third World and stresses that,
"although the agricultural resources and the technology needed 
to fed growing populations are available", global food security 
requires "increasing food production to keep pace with demand 
while retaining the essential ecological integrity of production

" systems." 
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The arguments in favour of promoting a more sustainable 
development approach, particularly the dismantling of policies 
and incentive structures that stand in its way, are also slowly being 
accepted by the international donor community. 17 A recent review 
by the World Bank of renewable resource management in its 
agricultural projects concluded that there must be three criteria 
for "successful" agricultural development: "First, it must be 
sustainable, by insuring the conservation and proper use of 
renewabie resources. Second, it must promote economic effici­
ency. Third, its benefits must oe distributed equitably.""'

The theme has been further endorsed by the Consulta­
tive Group on International Agricultural Research (CGIAR), 
which in a recent report calls attention to the technologi­
cal and research priorities required for making agricultural 
production in the Third \\orld more sustainable. Similarly, 
the International Fund for Agricultural Development (FAD) 
recently held a consultative meeting to discuss strategies for 
implementing sustainable agricultural development in resource­
poor environments and spreading benefits to the rural poor.19 
And the Asian and Near East Bureau of the US Agency of 
International Development (USAID) has produced a report on 
sustainable agriculture as part of its overall commitment to a 
comprehensive Environmental and Natural Resources Strategy. 20 

In sum, the evolution of development thinking is now point­
ing to a post green-revolution phase characterized by the term 
"sustainable agriculture". But to understand fully the implica­
tions of this, we have to be clear what is implied by the adop­
tion of sustainability as an indicator of agricultural performance. 
This issue is the focus of the next chapter. 
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2. Indicators of Agricultural Performance
 

Chapter 1 traced the major post-war trends in development think­
ing and, in particular, the recent emergence of the concept of 
sustainable economic development. This coincided with, and 
indeed in part grew out of, a search for a new, post green-revolution 
approach to agriculture in the Third World, which would place 
greater emphasis on sustainability and equity. In this chapter we 
intend to examine more --losely what "sustainability" implies, 
both in theory and practic:, and how it relates to other measures 
of agricultural performance. 

The basis of sustainability 

Clearly sustainability has to be viewed within the context of the 
overall agricultural production system (Figure 2.1). Agricul­
ture depends fer its success on the exploitation of natural and 
human-made resources, using human skills and labour. The out­
puts are products in the form of food or fibre and their produc­
tion, together with that of non-agricultural goods and services, 
helps to secure both national economies and the livelihoods of 
individual houeholds. 

The first issue to be addressed is the sustainability of the 
resource base. 

The sustainability of resources 

The conventional distinction between non-renewable and renew­
able resources has obvious implications for sustainability. Resour­
ces such as fossil fuels, which drive farm machines and produce 
agrochemicals, ate intrinsically exhaustible and hence their use 
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cannot be indefinitely sustained. We are consequently faced with 
two questions. The first is: what is the "best" balance between 
present and future consumption? In the context of agriculture the 
issue is: what proportion of non-renewable resources should be 
devoted to current food production as compared with a perhaps 
greater need in the future? Needless to say, this is a question that is 
extremely difficult to answe,-, but it has to be addressed. We do 
have a fairly good estimate of the likely population growth and its 
demand on food for the next 50, perhaps 100 years. The imponder­
ables are future technological innovations and the extent to which 
they can relieve the pressure on non-renewable resources. 

The second question is somewhat easier to answer: how 
can the benefits from current exploitation of non-renewable 
resources be sustained? One general answer is to invest the profits 
so as to provide a sustainable, long-term return. Such investment 

Figure 2.1: The basic elements of the agricultural production 
system 
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Note: There are, of course, numerous complications to this simple picture, includ­
ing feedback loops of many kinds between the elements. 
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may be in industrial technologies, or in human skills, or in 

technologies for sustainable renewable-resource exploitation. 

In the case of oil-rich countries, such as Indonesia, it can be 

argued that using oil revenues to subsidize fertilizers, although 

providing immediate benefit, for example in the attainment of 

rice self-sufficiency, does not create a capacity for a continu­

ing return. Investment of the revenues in the rehabilitation of 

irrigation schemes, on the other hand, generates an intrinsically 

sustainable development, and in this serse is to be preferred. 

Renewable resources 

Besides solar radiation, which to all intents and purposes is 

inexhaustible, most natural resources on which agriculture 

depends arc potentially renewable. They include the soil and 

its nutrients; water, which is derived directly or indirectly from 

rainfall; and the diversity of wildlife; together with a great variety 

of ecological processes, including the capacity of the environment 

to control pests or assimilate wastes. 

It is, of course, possible to treat these as exhaustible resources, 

i.e. as sources of profit for investment in other productive activ­

ities. Forests cain be felled and the revenues used for agricultural 

development, or agricultural land given over to urban and indus­

trial growth. However, strong arguments can be made for insisting 

that such resources are managed so as to derive the returns from 

their intrinsic ability to renew themselves. In the case of land and 

soil fertility, it is possible to envisage future food production sys­

tems il. highly artificial environments, for example concentrated 

hydroponic systems that tizilize nitrogen and power produced via 

nuclear fusion energy. But the do ibts surrounding the viability 

of such schemes suggest that it wculd be imprudent to destroy 

the e'isting natural resource endown-nt now, and rely on such 

a future being affordable or even feasible. The prudent strategy is 

to husband renewable resources in such a way as to provide a long­

term sustainable base for production. 
Destruction of renewable resources is especially characteristic 

of frontier societies, as prevalent in North America in the seven­

teenth and eighteenth centuries as in, say, Brazil or Indonesia 
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today. The common perception among all levels of such societies 
is that natural resources are essentially available in unlimited 
amounts. Soil is allowed to erode, soil fertility is destroyed, fuel­
wood is exhausted, as is the assimilative capacity of the environ­
ment for wastes, without fully appreciating that limits are 
approaching. In most developed countries, these limits have been 
superseded or overcome, so far, through the intensive application 
of capital and technology and through the importation of new 
materials and foodstuffs from the rest of the world. Developing
countries, however, are recognizing that they cannot afford the 
technological investment, nor do they have dependent countries 
which they can exploit. At the same time in the developed countries 
it is becoming increasingly clear that many of the technological 
solutions, for example use of pesticides and artificial fertilizers or 
"industrial" livestock production, have high and unexpected costs 
and, more importantly, are themselves in many respects not 
sustainable. Substituting a technological input for a renewable 
resource does not necessarily improve sustainability. 

Global estimates for the current losses of renewable natural 
resources are very crude and open to considerable argument. 

Table 2.1: On-site soil losses due to erosion in Java (all figures 
rounded) 

Type of Landarea Soil loss Soil loss 
land use 106ha 106tonnes tonnes/ha 

Sawah (wet rice land) 4.6 2 0.5 
Forest 2.4 14 5.8 
Degraded forest 0.4 35 87.2 
Wetlands 0.1 ­-
Tegal (rainfed cropland) 5.3 737 138.3 

Total 12.9 787 61.2 

Source: W.B. Magrath and P. Arens, The Costs ofSoil Erosion on Java-A Natural 
Reso,,'ceAccounting Approach(Washington, DC: World Resources Institute, 1987). 
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But somewhat better estimates are available for national losses. 
One example is a recent study on losses due to erosion in Java and 
its impact on agricultural production (Tables 2.1 and 2.2). The 
heaviest losses occur on -loping upland fields planted to rice, 
cassava or other food crops, and although there are considerable 
off-site costs arising from the need to maintain and dredge lowland 
reservoirs, irrigation systems and harbours, the main conse­
quences are the lost yields in upland agriculture itself. 

Mismatched technologies 

Destruction of renewable resources. however, is not the only 
form of resource mismanagement. Renewable resources may be 
wasted if they are subject to inappropriate technologies. Waste 
can be said to occur if the potential benefits of naturally sustain­
able processes are not fully realized, through lack of knowledge 
or appropriate skills. Technological or labour ;nputs are commonly 
used in place of these processes with the consequence that the 
costs of production are frequently higher than they might other­
wise be. In Citanduy, West Java, for example, the cost of bench 
terracing is approximately US$560-2,075 per hectare (/ha) (1979 
prices) and involves from 750 to over 1,800 person-days of work. 

Table 2.2: Summary of erosion costs in Java 

$m perannum 

On-site 324 
Off-site: 
Irrigationsystem 8-13 
Harbourcosts 1- 3 
Reservoirs 16-75 

Total 349-415 

Smre: W.B. Magrath and P. Arens, The Costs ofSoil Erosionon Java-A Natural
 
ResourceA countingApproach (Washington, DC: World Resources Institute, 1987).
 



32 After the Green Revolution 

Yet this expenditure is largely to reinstate the intrinsic productivity 
of the land.' The capacity of vegetation to prevent erosion is in 
many respects a free good, and terracing is thus a cost which is 
both unnecessary and, by contrast with the natural resource 
capacity, inherently less sustainable. 

Similarly, pesticides are a costly replacement for natural con­
trol mechanisms. When farmers were trained in Integrated Pest 
Mnagement (IPM) techniques for control of brown planthopper 
and other pests of rice, they were able to reduce their insecticide 
sprays from over four to less than one in a growing season and 
their average rice yields rose from 6.1 to 7.4 tonnesiha. 2 

Mismatching of technologies is particularly apparent where 
technological packages are applied on a large scale, in the belief 
that the natural resources they are intended to manage are uniform. 
Such a package approach was appropriate during the green revo­
lution when the aim was to disseminate a limited number of high­
yielding rice varieties and their accompanying inputs throughout 
a relatively uniform expanse of irrigated lowland. But this ap­
proach is highly inappropriate for the the development of the more 
marginal uplands in the tropics. In Java the uplands consist of a 
great diversity of agro-ecosystems which differ not only in bio­
physical but in socio-economic terms. Any uniform package, 
whether of terracing or cropping patterns, is likely in some places 
to be unsuitable and non-sustainable. Thus, recommendations for 
terracing, while appropriate for volcanic soils, are frequently 
disastrous on limestone soils, causing even greater erosion than 
before.
 

Mismatched technologies may also have deleterious effects 
which extend well beyond the agricultural production system 
itself. Agrochemicals, for example, may not only undermine 
the natural agricultural resource-base but, if improperly used, 
may destroy natural resources over a wide area, affecting other 
resource-based activities and, in certain circumstances, causing 
human disease and death. As far as agriculture is concerned the 
sustainability ofagrochemical use is then threatened by increasing 
regulation of these compounds to protect human health and the 
wider environment. 

The evidence for pesticides causing harm to humans in the 
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developing countries is incomplete but there are sufficient anecdo­
tal accounts to suggest that pesticide-related illnesses and deaths 
are seriously under-reported. The symptoms of pesticide poison­

ing are frequently confused with cardio-vascular and respiratory 

diseases, or with epilepsy, brain turnours and strokes. A study of 

human mortality in the Philippine rice-growing regions of Luzon, 

where pesticide use has grown dramatically in recent years, found 

a highly significant correlation between increasing death rates of 

rural men and women, and increasing pesticide use. 3 Moreover 

the mortalities were highest at the peak time of spraying. The 

evidence is clearly circumstantial, but if correct it would imply 

many thousands of deaths a year are resulting from pesticide use 
in the Philippines. 

Even less well known are the adverse effects of nitrogen 

fertilizers in the developing countries, although the developed 

countries have begun to introduce restrictions because of health 
hazards. 4 The most likely hazard is methaemoglobinaemia or the 

"blue baby syndrome", which particularly affects infants in the 

first few months of life. It is associated with high levels of nitrate 
in drinking water which is also contaminated with bacteria. The 

other risk is cancer, particularly gastric cancer. This is common 

in some developing countries, for example parts of Chile and 

Colombia, although there is at present no clear link with the 

use of nitrogen fertilizer. The link is stronger in the incidence 

of bladder cancer in the intensive agricultural lands of the Nile 

delta of Egypt. There a strong correlation exists between cancer, 

nitrate and bacterial levels in the water, and the incidence of the 

parasite disease schistosomiasis. 
There is also evidence that such technologies, and indeed 

agricultural development itself, may be having an adverse effect 

on the global environment as a whole and, in particular, its 

capacity to provide for a continuance of our present climate 

and to furnish a shield against damaging solar radiation. 5 Global 

temperatures appear to be rising as a result of the production 
of various gases, notably carbon dioxide and nitrous oxide, that 

create the so-called "greenhouse effect". Agricultural develop­

ment is partly responsible in that it indirectly contributes to the 

clearing and burning of forests. More directly, nitrogen fertilizer 
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use results in emissions of nitrous oxide to the atmosphere and 
although, at present, fertilizers are estimated to account for 
between only 1-4% of emissions, the proportion is likely to
increase in the future. There is also some theoretical evidence 
to suggest that increasing nitrous oxide may be reducing the 
ozone layer in the stratosphere and hence removing some of the 
protection against cancer-inducing radiation. 

Any major increase in global temperature or reduction in the 
ozone layer would have profound effects on agriculture and 
development in general. As yet there is still insufficient informa­
tion to predict what will happen, or to ascribe causes. If nitrogen
fertilizers are more closely implicated, then restrictions on their 
use may eventually be required. 

Internal and external resources 

One way of establishing, in principle, whether particular
agricultural production systems are likely to be inherently
sustainable, is to consider the local community or individual 
farm and to classify the available resources into those which are 
"internal" and "external"' , ('fable 2.3). 

Internal resources are the resources available within the farm 
or comnunitv and immediate environment. They include rain­
fall, biologically fixed nitrogen, nutrients from lower soil strata 
and biological pest control based on indigenous natural enemies. 
They are inherently renewable and thus have the potential to be 
used on a "sustained" basis, indefinitely, through ecologically­
sound methods of farming. 

In contrast, external resources have to be obtained from out­
side the farm or community, and include irrigation water from 
a distant source, synthetic nitrogen fertilizer or phosphates,
and chemical pesticides. Most non-renewable resources used
in agricultural production, such as fossil fuels and their by­
products, are external resources. Consequently, the depend­
ence on external resources which are not provided or obtained 
"free of charge" means that the farming household must gener­
ate a surplus of production, cash or something else of value, 
to exchange for the external resource. Moreover, the cost of 
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Table 2.3: Agricultural production resources which are derived 
from internal and external sources 

Internalresources 

Sun - source of energy for 
plant photosynthesis 

Water- rain and/or small, 
local irrigation schemes 

Nitrogen - fixed from air, 
recycled in soil organic-matter 

Other nutrients - from soil reser-
ves recycled in cropping system 

Weed and pest control ­
biological, cultural and 
mechanical 

Seed - varieties produced 
on-farm 

Machinery - built and main- 
tained on farm or in community 

Labour - most work done by the 
family living on the farm 

Capital - source is family and 
community, reinvested locally 

Management- information from 
farmers and local community 

Externalresources 

Artificial lights - used in 
greenhouse food production 

Water- large dams, centralized 
distribution, deep wells 

Nitrogen - primarily from 
applied synthetic fertilizer 

Other nutrients - mined, 
processed and imported 

Weed and pest control ­
chemical herbicides and 
insecticides 

Seed - hybrids or certified 
varietie: purchased annually 

Machinery - purchased and 
replaced frequently 

Labour - most work done by 
hired labour 

Capital - external indebtedness, 
benefits leave community 

Management - from input 
suppliers, crop consultants 

Source: C.A. Francis and J.A. King, "Cropping systems based on farm-derived, 
renewable resources", AgricuhuralSYstems, vol.27 (1988), pp.67-75. 
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acquiring the resource, often itsand supply, are not directly
controllable by the household or even a farming community. It is 
also important to note that even where there is no direct monetary 
cost to obtaining the resource, there may be a real cost incurred by
the household. The most obvious examples are the time allocated 
for obtaining seeds and other inputs from local distribution 
centres, or for searching for fuelwood and fodder from distant 
areas, or for carrying water from the nearest tubewell. 

Dependence on external resources is not only frequently costly;
it also tends to make the production system more vulnerable to 
external stresses and shocks, such changes inas the costs and 
supply of these resources. Of longer term significance, such 
dependence may also lead to fundamental changes in the farming 
system that make it more vulnerable to the vagaries of the local 
environment. This is one explanation of the failure of the adoption
of green revolution "packages" of hybrid seeds, fertilizers and 
pesticides in resource-poor environments. Such packages are 
often less suited to these environments compared to the lower 
yielding, yet better adapted, internal resources used in traditional 
farming systems. 

Labour, capital, machinery and management can be either 
internal or external to the farm. When these resources are primarily
internal - for example a family-owned and operated farm then-
households have a greater degree of control over decisions con­
cerning the allocation of resources and their long-term manage­
ment. As an example, a recent study of land tenure in the hills of 
Nepal indicates that production is directly related to the degree of 
control. 7 It is highest on land which is cultivated by farmers who 
own the land and lowest on lands tilled by informal tenants on -1 
contract basis; where a farmer both owns and rents land, produc­
tion is higher on the former. More importantly, landowners who 
cultivate their own land or participate in the management of land 
rented to informal tenants, have a greater incentive to manage it 
sustainably. In contrast, informal tenants are unlikely, on their 
own, to take an interest in the long-term productivity of the land 
they are working. 
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A definition of agricultural sustainability 

So far we have been using the term sustainability in a way that 
is roughly equivalent to persistence or durability. The implicit 
question that is asked about a particular agricultural practice 
or system is: will it last? Will it be productive not only in the 

immediate future, but over the long term, for present and future 

generations? Durability, however, has to be assessed in terms of 

the forces that are likely to cause the agricultural practice or sys­

tem to collapse. We thus need a definition that embraces these 
forces. 

The common usage of the word "sustainable" suggests an 

ability to maintain some activity in the face of stress - for 

example to sustain physical exercise, such as jogging or doing 

press ups - and this seems to us also the most technically 

acceptable meaning. We thus define agricultural sustainability 
as the ability to maintain productivity, whether of a field or 

farm or nation, in the face of stress or shock. 8 A stress may 

be increasing salinity, or erosion, or debt; each is a frequent, 

sometimes continuous, relatively small, predictable force having 
a large cumulative effect. A major event such as a new pest or a 

rare drought or a sudden massive increase in input prices would 

constitute a shock, i.e. a force that was relatively large and 

unpredictable. Following stress or a shock the productivity of 

an agricultural system may be unaffected, or may fall aid then 

return to the previous level or trend, or settle to a new lower 

level, or the system may collapse altogether. 
Sustainability thus determines the persistence or durability of 

a system's productivity under known or possible conditions. It 

is a function of the intrinsic characteristics of the system, of 

the nature and strength of the stresses and shocks to which it 

is subject, and of the human inputs which may be introduced to 
counter these stresses and shocks. 

The biophysical subsidy, often in the form of a fertilizer 
application, and intended to counter the stress of repeated 
harvesting, is a ubiquitous input. Sustainability is maintained 
only by renewed fertilizer application. Another common form of 

input is a control agent; for example, a pesticide to counter pest 
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Figure 2.2: Contrasting dynamics of pesticide and biological 
methods for the control of pests 
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or disease attack. Again, sustainability may necessitate repeated 
pesticide applications, but an alternative strategy may be the 
introduction of a biological control agent, such as a parasitic 
wasp, which may so permanently alter the intrinsic sustainability 
characteristics of the system as to obviate the need for further 
intervention (Figure 2.2). This also illustrates the process of 
building sustainability into a system, i.e. substituting internal 
resources for external resources. Controlling pests by pesticides 
can be sustainable, providing the pesticides are affordable and 
used selectively. However, the value of introducing a biological 
control agent is that it exploits a renewable natural resource 
- the parasite or predator - and is hence relatively cheap and 
inherently a sustainable process. Box 2.1 lists a number of exam­
ples of sustainable agricultural technologies. 

Productivity, stability and equitability 

Sustainability, however, is clearly not the only criterion by 
which we judge agricultural development or even development 
as a whole (Figure 2.3). Productivity is the most commonly 
used measure of agicultural performance, but also important 
is the stability of production, from month to month and year to 
year, and the manner in which that production is shared, i.e. its 
equitability. 

Productivity 
We define productivity as the output of valued product per unit 
of resource input. The three basic resource inputs are land, 
labour and capital. Strictly speaking, energy is subsumed under 
land (solar energy), labour (human energy) and capital (fossil 
fuel energy). Similarly, technological inputs, such as fertilizers 
and pesticides, are components of capital, but both eneigy 
and technology can be treated, for niany purposes, as separate 
inputs. 

Common measures of productivity are yield or income per 
hectare, or total production of goods and services per household 
or nation; but a large number of differcnt measures are possible, 
depending on the nature of the product and the resources being 



40 After the Green Revolution 

Figure 2.3: Indicators of agricultural performance 
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BOX 2.1: EXAMPLES OF AGRICULTUFAL TECH-
NOLOGIES THAT HAVE A HIGH POTENTIAL 
SUSTAINABILITY 

Intercropping - the growing of two or more crops simultaneously 
on the same piece of land. Benefits arise because crops exploit 
different resources, or mutually interact with one another. If one 

crop is a legume it may provide nutrients for the other. The interac­

tions may also serve to control pests and weeds. 
Rotations - the growing of two or more crops in sequence on the 

same piece of land. Benefits are similar to those arising from inter­

cropping. 
Agroforestry - a form of intercropping in which annual herbaceous 
crops are grown interspersed with perennial trees or shrubs. The 

deeper-rooted trees can often exploit water and nutrients not avail­

able to the herbs. The trees may also provide shade and mulch, 
while the ground cover of herbs reduces weeds and prevents ero­

sion. 
Sylvo-pasture - similar to agroforestry, but combining trees with 
grassland and other fodder species on which livestock graze. The 

mixture of browse, grass and herbs often supports mixed livestock. 

Green manuring - the growing of legumes and other plants in 
order to fix nitrogen and then incorporating them in the soil for 

the following crop. Commonly used green manures are Sesbania, 
and the fern Azolla which contains nitrogen-fixing blue-green algae. 

Conservation tillage - systems of minimum tillage or no tillage, 

in which the seed is placed directly in the soil with little or no 
preparatory cultivation. This reduces the amount of soil distur­

bance and so lessens run-off and loss of sediments and nutrients. 

Biological control - the use of natural enemies, parasites or pre­

dators, to control pests. If the pest is exotic these enemies may be 

imported from the country of origin of the pest; if indigenous, 
various techniques are used to augment the numbers of the existing 

natural enemies. 
Integrated pest management- the use of all appropriate techniques 

of controlling pests in an integrated manner that enhances rather 

than destroys natural controls. If pesticides are part of the pro­

gramme, they are used sparingly and selectively so as not to interfere 
with natural enemies. 
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considered. Yield may be in terms of kilograms of grain, tubers, 
leaves, meat or fish, or any other consumable or marketable 
product. Alternatively, yield may be converted to value in calo­
ries, proteins or vitamins, or to its monetaiy value at the mar­
ket. In the latter case it is measured as income as a function 
of expenditure, i.c. profit. But, frequently, the valued product 
may not be the yield in conventional agricultural terms. It may
be employment generation, or an item of amenity or aesthetic 
value; or one of a wide range of products that contribute, in 
ways that are difficult to measure, to social, psychological and 
spiritual well-being. 

Stability 
Stability may be defined as the constancy of productivity in the face 
of small disturbing forces arisingfrom the normal fluctuations and 
cycles in the surroundingenvironment. Included in the environment 
are those physical, biological, social and economic variables that 
lie outside the agroecosystem under consideration. The fluctua­
tions, for example, may be in the climate or in the market 
demand for agricultural products. Productivity may be defined 
in any of the ways described above and its stability measured by,
for example, the coefficient of variation in productivity, deter­
mined from a time series of productivity measurements. Since 
productivity may be level, or rising or falling, stability will refer 
to the variability about a trend. 

Equitability 
Equitabilityis defined as the evenness of distributionof the productivity
of the agriculturalsystem among the human beneficiaries, i.e. the level 
of equity that is generated. Once again, the productivity may be 
measured in many ways, but, commonly, equitability will refer 
to the distribiition of the total production of goods and services, 
or the net income of the agroecosystem under consideration, i.e. 
the field, farm village or nation. The human beneficiaries may
be the farm household, or the members of a village or a national 
population. 

Equitability may be measured by a Lorenz curve, Gini co­
efficient or some other related index. In practice, though, it is 
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difficult to define equitability in a purely positive sense, as 

measures available reflect different value judgements. Thus, 

equitability is often the evenness of distribution of productivity 

among the human beneficiaries, according to need. 

In most situations equitability is affected not only by the 

distribution of products but also by the distribution of costs. 

That is, equitability refers to the distribution of net benefits. 

In many cases, as we will argue later, productivity involves 

significant external costs and these have to be included in the 

computation of equitability. 

Trade-offs 

Defined in this way, the three key indicators are fairly read­

ily understandable by all concerned in development, whether 

they be policy makers, project designers and implementers, 

or tile farmers themselves. Furthermore, when the indicators 

are viewed as normative goals, the trade-offs between them 

are similarly clear and understandable. They occur eoually for 

farmers in their day-to-day decisions and for nations determining 

agricultural strategies and policies. 

Such trade-offs are not new phenomena. Both the Sumerians 

in the arid lands of ancient Mesopotamia and the Maya in the 

tropical forests of Central America appear to have sacrificed 

sustainability in the quest for higher productivity. And there are 

examples in history where equitability and sustainability were 

achieved at the expense of productivity - for example in the 

manorial agriculture of medieval Europe. More recently, these 

trade-offs are recognizable in the development policies that have 

been pursued in the Third World over the past 40 years. 

There are numerous examples. Large-scale irrigation projects 

can increase productivity but at the expense of sustainability 

and equitability. Similarly, too much emphasis on equitability 

can inhibit productivity. Such trade-offs may even be involved 

in the adoption of apparently wholly benign resource-conserving 

technologies. For instance, pest control using a biological con­

trol agent may well be more sustainable, yet the farmer may 

have to accept a lower and more fluctuating yield (Figure 2.2). 
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Productivity, efficiency and sustainability 

The complexities involved in such trade-offs are well illustrated 
if we consider the concept of efficiency. For biologists and 
agronomists, efficiency is consistent with the broad definition 
of productivity used here, i.e. output over input, where the 
outputs and inputs are measured in physical or biological units. 9 

Maximum efficiency (or productivity) then occurs either when 
output alone, or the output per unit of input, is maximized (Box 
2.2). 

However, economists distinguish between this dcfintion of 
efficir,ncy, which they refer to as technical efficiency, and economic 
efficiency, which is also consistent with the broad definition of 
productivity, except the inputs and outputs are defined in mone­
tary terms.' 0 Maximum economic efficiency is equivalent to 
maximum profit and lies somewhere between the two technically 
efficient points shown in Figure 2.4. The simple system described 
in this figure can, of course, be expanded to multiple inputs and 
multiple products, but the principle for calculating efficiencies 
remains the same. 

Having clarified these concepts, the trade-off question now is 
whether economic efficiency is compatible with sustainability. 
Some say it is. For example, the World Bank study, cited in 
Chapter 1, states: "There is no conflict between efficiency and 
sustainability, i.e. any use of renewable resources which leads 
to the exhaustion of those resources cannot be efficient." ' " This 
is obviously true if we are referring to technical efficiency ­
if total output or output per unit input declines then both 
efficiency and sustainability fall. However, in terms of economic 
efficiency the statement, without important qualifications, is not 
necessarily true. The economics literature on "optimal extinction" 

BOX 2.2: THE CONCEPT OF EFFICIENCY 

If, for simplicity, we consider a single agricultural input, say nit­
rogen fertilizer, then the output-input relationship can be described 
as in Figure 2.4. 
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Figure 2.4: Measures of efficiency for a single 
input-output agricultural system 
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It is assumed that total production follows an S-shaped curve as
described here, although other shapes are possible and common. 
The marginal product is the rate of change of the total product. 
It increases in the early growth phase of the production curve to 
a maximum (q1), but then falls away to zero (q3 ) when total produc­
tion is maximized. The average product is simply the total product
divided by the input. Total revenue, total cost and marginal cost 
refer to similar measures of the value of the products and the 
opportunity cost of the input in monetary terms ­ where the oppor­
tunity cost is the value of the input in its next best alternative use 
or function. All of these are different, useful measures of produc­
tivity. 

Productivity is regarded as technically efficient either when the 
average product is maximized (q 2 ) or when total product is at its 
peak (q3). However, economic efficiency occurs somewhere bet­
ween these two points. If we translate total product in terms of its 
value, in US$ for example, to total revenue, and add the total 
opportunity cost of the input, profit will be maximized when the 
difference between these two isgreatest, i.e. when marginal revenue 
equals marginal opportunity cost (q4). This is the point of economic 
efficiency. 

of renewable resources suggests that under certain conditions 
economic efficiency is wholly consistent with a renewable 
resource being exhausted within a limited period of time.1 2 

Crucial factors in this are the dynamics of the agricultural
production system over time and the alternative avenues for 
investment. 

Underlying the simple production diagram in Figure 2.4(a) 
are a variety of natural renewable resources on which produc­
tion depends, in addition to the fertilizer input. One such will 
be soil quality. The question this raises is whetherthe soilquality will 
be maintainedfor year after year for the levels of input and output
that produce maximum profit. In terms of Figure 2.4(a), will the 
soil quality be regenerated after the crop is harvested that inso 
the following year the production curve is as it was before? If 
the soil does not regenerate sufficiently for this to happen, then 
important choices have to be made. 

Figure 2.5 depicts possible scenarios for the production curve 
from year to year. In (a) the level of input that produces 
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Figure 2.5: Effects of level of input on the production curve 
from year to year 
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maximum profit results in damage to soil quality that L not fully 
recovered by the following year. To gain maximum profit requires 
a higher level of input. In (b) by choosing a consistently lower level 
of input from the beginning the system is maintained, although the 
level of profit is less than is possible in the first year under (a). In 
both these cases there is a trade-off between economic efficiency 
and sustainability. Which course the investor or farmer chooses to 
follow depends on the level of profit compared with other alter­
native investments. If the level of profit in situation (b) is better 
than an alternative investment then this is the course the investor 
will 	adopt. But often the rate of recovery or regeneration of the 
natural resource produces a sustainable level of profit which is too 
low, and then it may pay the investor to follow course (a) ­
maximize profit each year regardless of the damage being done to 
the resource, take the profits and invest them elsewhere. (This, of 
course, is what happened in the whaling industry. The natural 
population growth rate of whales is typically less than 5%, i.e. less 
than most other returns on money invested.) The second course 
may also be one that small farmers pursue, in order to satisfy 
desperate short-term basic needs, in the hope that there will be 
an alternative to the exhausted resource in the future. 

It may also pay investors and farmers to follow course (a) if 
the costs are very small, or the value of the product is very high; 
i.e. 	 in Figure 2.4 the difference between the total revenue and 
costs curves is very large. In this situation it may be a long time 
before there is any significant decline in profits, or the shor:­
term profits may be such as to constitute a large capital gain. 

In summary the conditions for pursuing efficiency at the 
expense of sustainability will be: 

(1) 	 if the regenerative capacity of the resource is low enough 
and the future is heavily discounted, then it is economically 
efficient to exhaust the resource. That is, higher discounted 
net returns are obtained through exhausting the resource 
as quickly as possible and investing the proceeds in other 
assets, whose value will increase much faster; and 

2) equivalently, if the cost of production is low enough, or the 
value of each unit of product is high enough, then it may also 
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be economically efficient to exhaust the resource quickly. 

Nevertheless even if these conditions exist, the trade-off is likely 
to be bounded by other considerations. For instance, bounds can 
be set through some criterion of sustainability, such as the need to 
preserve a minimum stock of the resource for future generations, 
possibly for uses which are as yet unconceived. The authors of 
the World Bank statement (referred to earlier) presumably believed 
that the overwhelming dependence of agriculture in the Third 
World on renewable resources makes it unlikely that the above 
conditions hold for these resources, or that the bounds need to be 
very tightly set. That is, degradation and depletion of renewable 
resources impose such high costs on agricultural development that 
economic efficiency in both short term and long term is bound to 
be impaired. 

Agroecosystems 

As the above discussion clearly demonstrates, the trade-offs 
involved in agricultural development are often highly complex 
and embr'?-r a wide range of factors, ecological and social as well 
as economic. This complexity presents a considerable challenge 
both in terms of analysis and in the practical implementation of 
development projects. An answer lies in using systems frame­
works that help make the key processes and factors explicit. One 
such conceptual system is the agroecosystem. 

So far we have referred to agricultural systems, but in essence 
these are ecological systems transformed by human action to pro­
duce food and fibre. In this transformation, the great diversity of 
wildlife in the original ecological systems is reduced to a restricted 
assemblage of crops, pests and weeds. Take for example a ricefield 
(Figure 2.6). There is a strengthening of the biophysical boundary 
of the system; a bund is created around the ricefield, for example. 
The basic renewable ecological processes still remain: competition 
between the rice and weeds, herbivory of the rice by pests and 
predation of pests by their natural enemies. But these are now 
overlaid and regulated by agricultural processes of cultivation, 
subsidy (with fertilizers), control (of water, pests and diseases), 



Figure 2.6: The ricefields as an agroecosystem 
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Figure 2.7: The hierarchy of agroecosystems 
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harvesting and marketing. Dominating the system are human 
goals and the consequences of human sccial and economic co­
operation and competition. As a result the system is as much a 
socio-economic system as it is an ecological system, and has both 
biophysical and socio-economic boundaries. It is this new complex 
agro-socio-economic-ecological system, bounded in several dimen­
sions, that we call an agroecosystem. Within it the trade-offs bet­
ween productivity, stability, sustainability and equitability occur. 

Hierarchies 

The most widely recognized agroecosystem is the crop field con­
ceptualized in Figure 2.6, or its analogue - the livestock paddock. 
But if agroecosystems are defined so as to include both ecological 
and socio-economic components, then we can envisage a classical 
hierarchy of such systems (Figure 2.7). At the bottom of the hier­
archy is the agroecosystem comprising the individual plant or 
animal, its immediate micro-environment, and the people who 
tend and harvest it. Examples where this exists as a recognizably 
distinct system are the lone fruit tree in a farmer's garden, or the 
milk cow in a stall. The next level is the field or paddock- the hier­
archy continues upwards i this way, each agroecosystem forming 
a component of the agroecosystem at the next level. Near the top 
is the national agro-ecosysterm composed of regional agroeco­
systems linked by national markets, and above that the world 
agroecosystem consisting of national agroecosystems linked by 
international trade. The higher up the hierarchy the greater is the 
apparent dominance of socio-economic processes, but ecological 
processes remain important and, at least in sustainability terms, 
crucial to achieving human goals. It may seem to be overextending 
definitions to regard the nation as an agroecosystem but we believe 
such a conceptualization is essential if the key trade-offs are to be 
explicitly recognized and analysed. 

It is also important to appreciate that the behaviour of higher 
systems in such a hierarchy is not readily discovered simply 
from a study of lower systems, and vice versa. This has conse­
quences not only for analysis but for agricultural policy and 
planning. It follows that each level in the agroecosystem hierarchy 
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has to be analysed, and developed both in its own right and in 
relation to the other levels above and below, and this totality 
of understanding used as the basis of development. (Methods for 
carrying out such analysis are described in the Appendix.) 

Trade-offs in the hierarchy 
Furthermore, trade-offs do 2ot oniy occur within agroecosystems, 
but also between agroecosystem in the hierarchy. Thus for a farm, 
high stability and sustainability may depend on a complementary 
diversity of crop fields and livestock systems, each of which pro­
duces less than its maximal potential, is more variable in yield, and 
individually less sustainable than is the total farm. A similar situ­
ation can occur between the nation and its agricultural regions. 

Perhaps the most important of such trade-offs occurs between 
the productivities of individual farms and that of the nation as a 
whole. Here again economists use the term efficiency and distin­
guish privateefficiency - the efficiency of the production system from 
the point of view of its users, and socialefficiency - how the produc­
tion system affects the allocation of resources to society as a whole. 

For the individual farm, as we have seen, economic efficiency 
is attained by maximizing the discounted net private returns, i.e. 
the benefits the farmer receives less the costs he or she incurs 
in producing those benefits. However, for society as a whole, 
efficiency refers to the maximization of the discounted net social 
returns, i.e. the benefits less the costs accruing not just to the 

farmer but to all individuals who are affected by the farmer's 
actions on his or her farm. 

Economists further qualify this goal of maximizing net returns 
by also requiring that it meet the criterion of Pareto optimality, 
i.e. that it is not possible to further change the allocation of 
resources without making someone worse off. Thus a system of 
resource use is regarded as being inefficient if it is still possible 
to re-allocate resources and make some people better off while 
making no one else worse off. Note that this introduces an 
element of equity into the definition of efficiency, although of 
course achieving Pareto optimality does not necessarily mean an 
increase in the evenness of distribution of net benefits; it simply 
ensures that no one is worse off. 
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A simple example can illustrate the relationship between private 
efficiency, social efficiency and sustainability. Let us take a simple 
upland farm agroecosystem producing an annual crop such as 
cassava for a single household's subsistence and income needs.13 
We assume it is a low-input system, i.e. the household cannot 
afford or gain access to modern inputs such as inorganic fertilizers. 
Suppose that production from this system can be sustained indefin­
itely, except for the environmental stress imposed on the system 
from prolonged soil erosion leading to declining soil fertility. As a 
result of this stress, future cassava yields will decline and the 
system may collapse. The farmer thus incurs what economists 
refer to as the u. er costs of soil erosion - the loss of future soil 
productivity through the erosion caused by current use of the 
resource for crop production. Such user costs are part of the 
overall private costs that the household attempts to minimize in its 
quest for efficiency in production. Under normal conditions, one 
would expect that the household would find these user costs so 
significant that it would have to bring soil erosion under control in 
order to maximize its discounted net returns. In such instances, 
the pursuit of private efficiency will also ensure the overall sustain­
ability of the agricultural production system.' 3 

But there are also circumstances - leading to conditions 1 and 2 
referred to on p.,8 - under which the household may ignore the 
user cost of soil erosion in its drive for production efficiency. For 
example, the lack of secure tenure, or open access to forests that 
can be converted to agriculture, may make the household less 
concerned about the future productivity of the land on which it is 
currently growing cassava. Alternatively, some upland soils, such 
as those based on limestone, may be very poor in quality and have 
a low regenerative capacity. Under such conditions, the household 
may find that its discounted net returns are higher not from con­
trolling soil erosion, but through exhausting the soil as quickly as 
possible in ordcr to maximize current yields. As condition 2 indi­
cates, this will also be the case if the production cost of cassava is 
low, or if the price of cassava is high. As will be discussed in 
Chapter 4, more often than not these costs and prices are influenced 
by government policies, such the use of input subsidies and pro­
curement policies to increase the producer price of food. 

http:needs.13
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lowever, even under conditions where the pu,:suit of produc­
tion efficiency by a farming household also ensures the sustain­
ability of production, it does not automatically follow that this 
outcome is also socially efficient. The existence of external costs, 
costs imposed on other individuals who do not receive compen­
sation or a share of the benefits of the production system, may be 
a factor. For example, supposing that in order to reduce the user 
cost of soil erosion to zero, which happens to be consistent with 
efficient cassava production, our farming household would only 
have to reduce the rate of erosion to 10 tonne/ha per year. If this 
were true of all upland farming households, then upland produc­
tion systems would be efficient and sustai. jble. Unfortunately, 
though, ihe impact of an annual erosion rate of 10 tonnes/ha in the 
uplands might be sedimentation of irrigation canals downstream. 
The result is a loss of productivity experienced by lowland irrigated 
farmers, which is the external cost of upland soil erosion. From 
society's perspective, since individuals - the lowland farmers - are 
being made worse off, this situation is not (Pareto) optimal. More­
over, it could threaten the sustainability of lowland production. It 
would be more socially efficient to find some means of compen­
sating upland farmers to reduce their erosion rates further in order 
to eliminate the external downstream costs to lowland farmers. If 
such a solution were found, then social efficiency and the sustain­
ability of lowland, as well as upland, production would be 
complementary. 

Once again, though, a socially optimal solution might be found 
that does not necessarily ensure sustainability of production. For 
example, society might find that a less costly alternative to compen­
sating upland farmers to reduce erosion further may be to provide 
affected lowland farmers with off-farm employment opportunities 
as their yields start declining. Under this scenario, water supplies 
and irrigation facilities will be allowed to collapse, ending the 
sustainability of lowland production. But from a social perspective, 
this loss of agricultural sustainabilitv is not crucial to the maximiz­
ation of overall net returns. We are back to a situation where 
conditions 1 and 2 are in force. 

In summary there are frequently trade-offs between private and 
social efficiency and between both of these and sustainability. 
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Such trade-offs can be minimized but only after very detailed 
and systematic analysis, and through the development of carefully 
targeted policies. 

Short- and long-term equitability 

We have argued in this chapter that the pursuit of economic effici­
ency in agriculture, under some conditions, may allow the exhaus­
tion of those resources important for sustainability. Even the 
pursuit of social efficiency does not necessarily lead to the sustain­
ability of natural resources essential to agricultural production. But 
in addition to these conflicts, the issue of equitability further com­
plicates the picture. As we have already pointed out, attaining Pareto 
optimality does not necessarily improve the distribution of net 
benefits in society. The;e will commonly be trade-offs between social 
efficiency and equitability, in both the short term and long term. 

Thu! a potential Pareto improvement may exist, but it is 
not realized in the short term. Inthe example of downstream 
sedimentation described above, lowland farmers might benefit 
in the long run from the least-cost solution of providing off-farm 
employment opportunities. This would be an efficient solution 
because it offers the chance of a Pareto improvement. How­
ever, in the short term, lowland farmers might have difficulty 
in adjusting to the new employment conditions; for example 
in acquiring the necessary skills - for construction or factory 
work, small-scale trading, cottage industries and so on - and 
their income may thus suffer initially. Clearly there is then a 
shcrt-term trade-off between social efficiency and equitability. 

Of greater significance, though, isa long-term inter-generational 
equity consideration. Some economists argue that the conserva­
tion of essential natural resources can be justified on the grounds of 
ensuring equal access to these resources for future generations so 
that they, too, can achie-e sustainable and secure livlihoods. This 
argument particularly applies to those resource-poor farmers and 
pastoralists who are directly dependent on the resource base for 
their livelihoods and for whom there is little alternative means of 
income and employnent in the near future. It is also rclevant to 
low and lower-middle income countries whose agricultural 
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development is dependent on successful exploitation of existing 

renewable resources. In these circumstances conserving essential 

resources may be a viable development goal, even if under some 

conditions it may lead to outcomes not wholly consistent with the 

objective of economic efficiency. 15 

In the next three chapters we look further at the nature of 

these trade-offs from a hierarchical perspective, focusing first 

on the international constrai-. s to sustainable agriculture in 

developing countries, second on the national policies and strat­

egies required by these countries to improve sustainability, and 

finally on the conditions necessary to secure sustainable liveli­

hoods for individual households. 
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3. International Constraints
 

The sustainability of agricultural development in the developing 
countries is crucially dependent on international relationships 
and world trade. Declining commodity prices and terms of trade 
- coupled with problems of debt, exchange rate and financial 
instability - are serious constraints to orderly or rapid develop­
ment. But before we discuss these, we need to underline the 
importance of the fundamental stress on developing economies 
placed by growing populations. This factor greatly compounds 
the effects of adverse international relationships. 

Population and food demand 

The populations of developing countries are still predominantly 
rural. On average, 62% of the labour force in developing econo­
mies is engaged in agriculture and other primary-resource based 
activities such as forestry, fishing and hunting. These activities 
contribute to an estimated 20% of the gross domestic product 
(GDP). In low-income economies, as much as 72% of the labour 
force is in agriculture and related activities, accounting for 32% 
of GDP. I 

For the future, this pattern is likely to change only slowly. 
The greater part of global population increase will take place in 
the Third World, the 1985 population of 3.7 billion increasing 
to perhaps 6.8 billion by 2025. Although by the first decade of 
the next century rural populations in most developing countries 
will start declining, they will continue to increase in some of 
the poorest countries. Assuming no change in the distribution 
of land and other resource assets, the number of subsistence 
farmers, pastoralists and landless people - groups that represent 
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three-quarters of the agricultural households in developing 
economies - will increase to nearly 220 million households or 
some 1 billion people, by the year 2000.2 

As a result of these trends, between 1980 and 2000 increased 
total food demand is projected to exceed the growth of food 
output in all developing regions except Asia, despite increases in 
per capita food production in Latin America, North Africa and 
the Middle East. Even though Latin America is expected to have 
the highest food production per capita growth rate, demand is 
projected to increase even faster. Because of its rapid population 
growth, Sub-Saharan Africa's food consumption is estimated to 
grow 3.6% a year, substantially outpacing the projected growth 
in food output. Indeed, per capita food production in the region 
is expected to continue to decline. 3 

Food security 

Inevitably, many developing regions will continue to be depend­
ent on food imports, and in some instances external assistance, 
to meet domestic consumption requirements. Providing grain
production continues to grow ii the industrialized countries and 
there is a major improvement .n Soviet agriculture, global food 
supplies may keep pace with global demand. The lack of food 
security in the developing countries - defined as the access by
all people at all times to enough food for an active, healthy 
life - will arise from a lack of purchasing power on the part
of nations and households rather than from inadequate global
food supplies. 4 The disturbing facts are that in recent years food 
insecurity has become even worse in many developing countries, 
notwithstanding higher per capita food production. Moreover, 
despite record levels of world food production and excess sup­
plies, about 730 million people in developing countries do not 
obtain enough energy from their diet to allow them to have 
an active working life. About two-thirds of the undernourished 
live in South Asia and a fifth in Sub-Saharan Africa; four-fifths 
of the undernourished live in countries with very low average 
incomes.-5 

The roots of most solutions to overcoming chronic food security 
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will have to be sought at the national level. They include policies 

to ensure sustainable increases in food production in low-income, 

food-deficient developing countries; improved distribution sys­

tems; reductions in population growth; and the alleviation of pov­

erty, particularly guaranteeing secure and sustainable livelihoods 
also serious constraints atfor vulnerable groups. But there are 

the international level which are equally crucial and need to be 

resolved. They include the poor purchasing power of developing 

countries and their lack of financing for food purchases, together 

with numerous physical distribution problems - such as the de­

sired size and location of global reserve stocks, mehods of sharing 

storage costs, and of acquiring and releasing stock,, to minimize 

disruptions in importer and exporter nations. 
Perhaps more important are the distorting effects of the current 

pattern of global agricultural production. At present large export 
States and other major agricultural ex­subsidies in the United 

porters arc having a strong negative impact on the agriculture of 

importing developing nations. Such subsidies depress prices in 

importing economies, thus reducing the incentives for domestic 

farmers to expand production. Over the long run, agricultural 

production and food security suffer, especially in the poorest 
6

countries.

Vulnerability to external shocks and stresses 

These trends represent only some of the factors working against 

the sustainability of developing economies. Because individual 

developing countries, even the larger ones, have so little control 

over their external environment they are highly vulnerable to a 

range of external stresses and shocks. They must take as given 

important international economic factors, such as the growth of 

world markets, protectionism, terms of trade, cost and availabil­

ity of foreign credit and capital, aid flows and so forth. 7 Two 

types of external economic stress or shock are important - those 

arising from adverse developments in world agricultural markets 

and trade, and those from adver,. A ,,elopments in the world 

economy as a whole. 
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Table 3.1: Low income economies with high export concentra. 
tion in predominantly agricultural commodities' 

Contribution Mainexport commodities 
of33 main 

commoditiesto 
totalexports 1 2 

over 90%
 
Burundi ($230) 98.5 coffee (91.2) cotton (2.8)
 
Uganda ($230)" 98.0 coffee (94.0) cotton (1.8)

Equatorial Guinea 95.4 cocoa (71.5) timber(18.5)

Rwanda ($280) 94.7 coffee (66.6) tin (17.0)

Malawi ($170) 91.9 tobacco (49.8) sugar (19.8)

Cuba 90.2 sugar(88.5) tobacco (0.8)
 

over 80%
 
Burma ($190) 81.2 rice (43.2) timber (29.0)
 

over 70%
 
Ethiopia ($110) 71.7 coffee (61.5) hides & skins (6.8)
 
over 60%
 
Chad 65.1 cotton (60.7) hides &skins (4.5)

Nepal ($160) 63.5 rice (26.0) hides &skins (16.9)

Central Afr. 63.2 
 coffee (28.7) timber (25.4) 

Rep. ($260) 
Tanzania ($290) 60.0 coffee (29.8) cotton (13.3) 

over 50%
 
Benin ($260) 50.8 cotton (20.7) cocoa (14.2)

Burkina Faso ($150) 50.6 cotton (45.0) 
 hides & skins (4.0)
Vanuatu 50.6 copra (38.4) cocoa (4.4) 
Notes 
a Calculated in terms of percentage contributions to the value of total merchandise 
exports in 1981--83. U.S. dollar figure after each country listed indicates GNP 
per capita in 1985. Low-incime economies are those witih GNP per person of 
$400 or less in 1985. 
b GNI' per capita in 1984. 
S~ourcev'" World Bank, ()ommoditv Tradc and Prie Trends (Washi;agton, )C: World 
Bank, 1986;; and World Bank, World Development Report (Washington, DC: 
World Bank, 1986 and 1987). 
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Table 3.2: Lower middle income economies with high export 
concentration in predominantly agricultural commodities' 

Contribution Main export commodities 
o/33 main 

commodities to 
total exports 1 2 

over 70% 
Guyana ($580)" 76.6 sugar(34.4) bauxite (29.4) 
Nicaragua ($770) 74.0 coffee (28.5) cotton (23.9) 
Honduras ($720) 71.8 bananas (28.2) coffee (22.7) 

over 60% 
El Salvador ($820) 67.3 coffee (56.5) cotton (7.0) 
Ivory Coast ($660) 67.1 cocoa(24.2) coffee(19.4) 
MuzifLtius ($1,090) 61.8 sugar(59.9) tea(1.9) 
Paraguay ($860) 60.9 cotton (37.0) timber (17.7) 
Costa Rica ($1,300) 60.6 bananas (25.2) coffee (25.0) 

over 50% 
Colombia ($1,320) 59.9 coffee (49.2) bananas (4.6) 
Dominican Republic 58.3 sugar(38.0) coffee (9.1) 

($790) 
Guatemala ($1,250) 50.5 coffee (28.9) cotton (6.6) 

a Calculated in terms of percentage contributions to the value of total merchandise
 

exports in 1981-83. US dollar figure after cacti country listed indicates GNP per
 

capita in 1985. Lower-middle income economics are those with GNP per person
 

of $1,600 or less in 1985. Note that no country with GNIP per capita greater than
 

$1,600 in 1985 had 50',. or tutoc of its exports comprised of agricultural com­
modities.
 
b GNP per capita in 19S4.
 
Sources: World Bank, (ommodtv rzzdadand Price rTrends (Washington, DC: World
 

Bank, 1986); and World Bank, World l)evelopment Report (Washington, DC:
 
World Bank, 1986 and 19S7).
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Table 3.3: Debt and debt service ratios in predominantly
 
agricultural exporting low-income economies'
 

Externalpublic debth Debt serviceas percentageof. 
aspercentageofGNP GNP Exports 

1970 1985 1970 1985 1970 1985
 
over 90%
 
Burundi (98.5) 3.1 39.7 0.3 2.0 2.3 
 16.6 
Uganda (98.0) 7.5 - 0.4 - 2.9 -

Eq. Guinea (95.4) - - - - ­ -
Rwanda (94.7) 0.9 19.1 0.1 0.9 1.2 4.3 
Malawi (91.9) 44.2 75.7 2.2 7.4 7.7 -
Cuba (90.2) - - ­

over 80%
 
Burma (81.2) 5.0 42.1 
 1.0 2.8 17.2 51.4 
over 70%
 
Ethiopia (71.7) 9.5 37.1 1.2 2.2 11.4 10.9
 

over 60%
 
Chad (65.1) 
 9.9 - 0.9 - 4.2 -

Nepal (63.5) 0.3 22.5 0.3 0.5 ­ 4.0 
CentralAfr. Rep. 13.5 44.9 1.7 2.0 5.1 11.8 

(63.2) 
Tanzania (60.0) 20.1 48.5 1.3 1.0 5.2 16.7 

over 50%
 
Benin (50.8) 15.2 66.9 0.6 2.2 2.3 
 -
Burkina Faso 6.6 46.4 0.7 2.5 6.8 ­

(50.6) 
Vanuatu (50.6) - ­ - -

Notes 
a Percentage figure after each country listed indicates contribution of 33 main 
primary commodities to iota! exports as indicated in Table 3.1. Low-income 
economies are those with GNP per person of $400 or 1985.less in 
b External public debt outstanding and disbursed.
 
- = figures not available.
 
Sources: World Bank, Conmmodit °Trade and Price Trends (Washington, DC: World
 
Bank, 1986); and World Bank, 
 It"orld I)evehperent Report (Washington, DC: 
World Bank, 1987). 
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Adverse developments in world agriculture 
Many low and lower-middle income developing economies are 
highly dependent on predominantly agricultural export earnings, 
often from one or two major commodities (see Tables 3.1 and 3.2). 
Moreover they are increasingly dependent on such earnings to 
service their rising external debt (see Tables 3.3 and 3.4). Such 
trends are reinforced by the structural adjustment policy packages 
advocated by the International Monetary Fund (IMF) and World 
Bank. These encourage developing countries to reorientate their 
economies away from the production of non-tradable goods and 
services, towards export commodities as a means of paying their 
debts. The effect has been a growing reliance on the expansion of 
agricultural and other primary commodity exports. 

Yet real agricultural commodity prices have exhibited a long­
term historical decline since 1950, falling to record lows over the 
period 1984-86 (see Figure 3.1). Between the fourth quarter of 
1983 and the second quarter of 1986, the current dollar index for 
agricultural commodities fell by 13%. The greatest declines were 
in fats and oils, non food agricultural commodities, and cereals. 

There are several factors underlying these trends: 8 

* 	 trade subsidies - since the mid-1980s, export subsidies by the 
United States and European Economic Community (EEC) have 
risen dramatically as each has tried to protect domestic agricul­
tural producers and increase its respective share ofworld trade 

* 	 domestic subsidies - farm income and price supports in the 
United States and EEC also contribute to excess global sup­
plies of some agricultural commodities, and to lower prices 

" 	 structural imbalances - these factors are compounded by the 
likely continuation of a substantial excess production capacity 
in US agriculture well into the mid-1990s and by the failure of 
the EEC to control overproduction of certain commodities 

* 	 protectionism - lower global agricultural prices have increased 
the pressure in industrialized countries for import restric­
tions and other measures to protect domestic producers from 
international competition. In the short term, as contraction in 
production lags behind, these restrictions coupled with export 
subsidies further depress world prices. 



Figure 3.1: Real agricultural commodity prices, 1950-86
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Source: World Bank, World Development Report 1987 (Washington, DC: World Bank, 1987), Figure 2.3. 
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Despite lower prices, many low-income food-deficient countries 
lack the purchasing power to acquire the developed country sur­

pluses, and if they are able to benefit this is likely to be short-lived 
since their farmers then have less incentive, over the long term, to 
increase domestic production to overcome chronic food shortages. 
Lower prices and long-te n loss of external markets also mean that 

agricultural exporting countries, especially those poorer nations 

dependent on agriculture for a substantial share of export earnings 

(see Tables 3.1 and 3.2), will continue to suffer. Even in the short 

term, because many food-importing developing countries also export 

agricultural products, the net positive balance of payments effect 
of the global agricultural price decline is likely to be negligible. 

Adverse developments in the world economy 
The stresses and shocks produced by the dynamics of international 
economic relations are, in many respects, even more pervasive and 
significant for sustainable agricultural development. They arise 

from a range of interrelated factors. 

SLOWER GROWTH AND TRADE
 

Since 1984, the peak year of the brief recovery that began in 1982,
 

both global economic growth and trade have slowed significantly.
 
Over the last ten years, the pre-1973 tendency for trade to grow 

faster than gross domestic product has disappeared. As a result, 
global demand for agricultural raw materials from developing 
countries has been weak, which has put further pressure on 
commodity prices. 

DEBT PROBLEMS
 

The increasing debt-servicing obligations of developing countries 
have placed them under great pressure to restrain imports and 

expand exports. For many economies, this has meant a radical 
restructuring of agriculture towards export markets and an in­

creasing share of export earnings allocated to debt servicing (see 

Tables 3.3 and 3.4). Although these pressures have been somewhat 

reduced - by lower real costs of borrowing and the lower costs of 
energy and raw materials - many developing-nation loans are short 

term in nature. Increasing their repayment period and accepting 
often austere structural adjustment policies may be the only long­

term solution. But this means that external debt will remain a 
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Table 3.4: Debt and debt service ratios in predominantly
 
agricultural exporting lower-middle income economies'
 

Externalpublicdebtb Debtservice aspercentageof: 
aspercentageofGNP GNP Exports 

1970 1985 1985
1970 1970 1985
 
over 70%
 
Guyana (76.6) - ­ - - - -
Nicaragua (74.0) 19.5 185.2 3.0 1.6 10.5 -

Honduras (71.8) 13.6 68.8 0.9 5.4 
 3.1 17.6 

over 60% 
El Salvador (67.3) 8.6 39.6 0.9 5.3 3.6 16.3 
Ivory Coast (67.1) 18.8 88.5 2.9 9.0 7.0 17.4 
Mauritius (61.8) 14.7 39.8 1.4 6.6 3.2 11.5 
Paraguay (60.9) 19.2 55.8 1.8 5.6 11.8 12.9 
Costa Rica (60.6) 13.8 105.1 2.9 13.3 10.0 36.6
 

over 50%
 
Colombia (59.9) 18.5 28.5 
 1.7 4.3 12.0 29.2 
Dominican Rep. 14.5 0.8 4.458.6 5.1 16.1 

(58.3) 
Guatemala (50.5) 5.7 19.8 1.4 2.3 7.4 21.3 

Notes 
a Percentage figure after Lach country listed indicates contribution of 33 main
primary commodities to total exports as indicated in Table 3.2. Lower-middle
income economies are those with GNP per person of $1,600 or less in 1985. 
b External public debt outstanding and disbursed. 
- = figures not available. 

Sources: World Bank, Commodity TradeandPrice Trends (Washington, DC: World
Bank, 1986); and World Bank, World Development Report (Washington, DC: 
World Bank, 1987). 
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persistent and long-term stress on already vulnerable economies 
and agricultural systems. 

EXCHANGE RATE INSTABILITY 

The 1980s have seen large swings in the value of the US dollar. It 
appreciated nominally and in real terms in the early 1980s but then 
with the emergence and persistence of the United States' current 
account deficit and the surpluses of Japan and West Germany, this 
trend was rapidly reversed against other major trading currencies. 
1989 saw another reversal - the dollar once again strengthening, 
contrary to general expectations. Throughout these swings, how­
ever, the dollar has not depreciated significantly against most 
developing nations' currencies, and this has encouraged a trend 
toward long-term investments in agricultural production in these 
nations, in expectation of expanded exports to US markets or in 
competition with US exports. In the short term, this has exacer­
bated domestic pressure in the United States for protectionism 
and export subsidies. In the long term, though, the continued 
instability of the dollar may eventually have the effect of reduc­
ing the incentives for such export-crop investments. 

FINANCIAL INSTABILITY 

Although there has been further integration of world financial 
markets, centring on the United States, a number of factors have 
led to great financial uncertainties. These include increased parity 
in interest levels and lower levels of inflation, exchange rate vola­
tility and the persistence of high real interest rates. The stock 
market crash beginning in October 1987 was largely triggered by 
the chronic budget and trade deficits in the United States. Although 
stock markets have since appeared to recover, the financial impli­
cations of the recent surge in the dollar are unknown. If real 
interest rates do not fall sufficiently, then global recession may 
result. Developing countries with large external debts, and those 
exporting agricultural commodities, will suffer particularly. 

TRADE WARS 

There is a growing likelihood of serious trading frictions and re­
taliations between the United States, the EEC and Japan. An 
increase in general economic protectionism among the leading 
global economies could lead to declining world trade and 
economic activity. Again, indebted and agricultural-exporting 
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developing countriec are the most vulnerable. 

The vulnerable economies 

These stresses affect all developing economies, but in different 
ways. The risks are greatest for three particularly vulnerable 
groups: countries with predominantly agricultural exports, low­
income food-deficit countries, and major agricultural exporters. 

Countries with predominantly agriculturalexports
Developing countries whose exports are predominantly agricul­
tural commodities are extremely poor and highly indebted (Tables
3.1-3.4). In all countries with GNP per capita less than US$1,600 
in 1985, over 50% of exports were agricultural commodities. In 
addition, most of these economies are solely dependent on one or 
two agricultural exports. 

Low-income /hod-deficient countries 
Although all 65 low-income food-deficit countries identified by
the Food and Agricultural Organization of the United Nations 
(FAO) are potentially vulnerable in the current international cli­
mate, 9 those in the group that has failed to increase per capita food 
production are especially at risk (see Table 3.5). Growing food 
production in these countries is essential to meeting long-term food 
needs, as their extremely limited ability to purchase food imports
is unlikely to improve in the near future. Moreover, data up to 1982 
suggest that adequate growth in domestic cereal production in low­
income food-deficit countries, and a healthy growth in export
earnings, generally go together; and both are important determin­
ants of the ability of a country to ensure food security. Rapid cereal 
production and steady growth in export earnings enable a country 
to raise levels of cereal consumption and achieve a degree of staoil­
ity around the trend; in contrast, countries with sluggish increases 
in domestic cereal production tend to have inadequate export earn­
ings, a low growth in cereal consuimption and unstable cereal use. I( 

Majoragricuhuralexporters 
If protectionist pressure mounts and global markets for agricultural 
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Table 3.5: Low-income food-deficient countries with low food­
production growth' 

Value added Foodaid Average index of 

in agriculture Cerealimports in cereals foodproduction 

(millionsof (thousandsof (thousandsof percapita 

1980dollars) metrictonnes) metric tonnes) (1979-81 = 100) 
1970 1985 1974 1985 1974/751984/85 1983-85 

Africa 
Angola - - 149 377 0 73 102 

Burundi 468 598 7 20 6 17 106 

Cen. Afr. Rep. 256 333 7 17 1 12 105 

Chad 416 - 37 134 20 163 106 

Ethiopia 
Guinea 

1,634 
-

1,531 
805 

118 
63 

986 
140 

54 
49 

869 
47 

97 
102 

Kenya 1,198 2,263 15 365 2 340 99 

Lesotho S8 - 49 118 14 72 93 

Malawi 258 426 17 23 - 5 105 

Mauritania 200 222 115 240 48 135 94 

Mozambique - 477 62 426 34 366 98 

Niger 1,466 1,070 155 247 73 218 96 

Rwanda 295 614 3 24 19 36 106 

Senegal 
Somalia 

603 
589 

615 
911 

341 
42 

510 
344 

27 
111 

130 
248 

105 
102 

Togo 
Zambia 

238 
473 

325 
659 

6 
93 

79 
247 

11 
5 

23 
112 

103 
107 

NearEast 
Afghanistan - - 5 50 10 50 104 

Sudan 1,754 1,511 125 1,082 46 812 103 

Yemen, PDR - - 149 357 - 25 100 

FarEast 
Philippines 5,115 9,104 817 1,524 89 68 103 

Sri Lanka 812 1,294 951 1,071 271 276 98 

Lato America 
Bolivia 380 496 209 459 22 111 101 

El Salvador 740 847 75 224 4 194 100 

Ilaiti - - 83 227 25 101 104 

Honduras 477 702 52 99 31 118 104 
Note,5 

a Low-income food-deficient countries as defined by FAO (1985). 
- - lig9tIrs not available.
 
Sources: FAO, Committee on Coimodity Problems, 55th Session, International
 
Trade and World Food Security, Rome, 21-25 October 1985; and World Bank,
 
Wlorld Development Report (Washington, DC: World Bank, 1987).
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commodities continue to be depressed, those developing countries
with major shares in certain agricultural exports will suffer especi­
ally (see Table 3.6). Although the better-off exporters, such as
Brazil and Argentina, may be able to absorb any resulting econo­
mic losses more easily, there are important implications for the 
structure and sustainability of their agricultural systems. The
economic consequences will be even more severe, however, for
those major exporters who are highly dependent on agricultural
exports, have rising debt-servicing obligations and/or are increas­
ingly dependent on food imports. 

Examples of vulnerability 

The increasing vulnerability of a developing country's agricultural
system to external stresses and shocks can manifest itself in many
complex ways. Several examples illustrate this point. 

Indonesia 
A recent study of the sustainable development of rainfed agricul­
ture in the upper watersheds of Java in Indonesia indicates how
long-term strategies for soil conservation and watershed manage­
ment can be affected by changing agricultural export markets. Il

Moriocropping of cassava on erodible soils is generally discour­
aged by soil and water conservation projects in the Javan uplands
because of the deleterious impact on soil structure. But concern 
over the decline in oil export earnings and mounting debt-servicing
requirements has pushed the government of Indonesia (GOI) to
expand all non-oil exports, including cassava. At present only 10%
of Indonesia's cassava is exported. However, 97% of these exports 
are to the EEC, which has recently increased Indonesia's share of

the total cassava 
import quota. As a result the GOI is concerned
that a failure to meet its quota share will lead to a downward revi­
sion, even though in recent years cassava supply has been barely
sufficient to meet domestic utilization. The government has thus
promoted cassava exports very vigorously. The domestic price
doubled in 1985 and again in 1987. 

In response, farmers are switching from more sustainable and
less erosive mixed-cropping and perennial crop-farming systems 
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Table 3.6: Country share of main developing-country 
agricultural expo:ts, 1985 a 

(1) Cocoaproducts
b 

Ivory Coast 31.1 
Brazil 21.3 
Ghana 9.8 
Nigeria 8.0 
Cameroon 6.0 

All developing 97.8 Total world exports = $3,769m 

(2) Coffee' 
Brazil 20.7 
Colombia 15.5 
IvoryCoast 5.3 
Indonesia 4.9 
Mexico 4.7 

All developing 91.5 Total world exports - $11,467m 

(3) Tea 
India 24.3 
Sri Lanka 18.7 
China 13.4 
Kenya 9.8 
Indonesia 6.3 

All developing 86.4 Total world exports = $2,376m 

(4) Rice 
Thailand 26.7 
China 7.5 
Burma 2.6 
Indonesia 2.2 
India 1.9 

Alldeveloping 56.9 Total world exports = $3,104m 
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(5) Sugar 
Cuba 
Brazil 
Thailand 
Mauritius 
Dominican Republic 
Alldeveloping 

(6) Bananas 
Honduras 
Costa Rica 
Ecuador 
Colombia 
Philippines 
All developing 

(7) Copra 
Papua New Guinea 
Malaysia 
Solomon Islands 
Vanuatu 
Singapore 
Alldeveloping 

(8) Groundnuts 
China 
Argentina 
India 
Vietnam 
Hong Kong 
Alldeveloping 

(9) Coconutoil 
Philippines 
In'donesia 
Singapore 
Malaysia 
Sri Lanka 
Alldeveloping 

53.1 
4.1 
2.6 
2.1 
2.0 

76.8 

17.3 
13.4 
12.3 
10.4 
7.5 

93.8 

25.9 
13.7 
12.2 
9.9 
9.2 

100.0 

20.5 
9.1 
5.0 
3.9 
2.2 

52.7 

47.7 
15.7 
6.6 
5.1 
4.8 

90.8 

Total world exports = $8,923m 

Total world exports = $1,514m 

Total world exports - $131 m 

Total world exports = $541m 

Total world exports = $728m 
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(10) Groundnutoil 
Brazil 22.0 
Senegal 14.9 
China 14.2 
Argentina 7.8 
The Gambia 2.0 

Alldeveloping 67.1 Total world exports = $295m 

(11) Linseed oil 
Argentina 56.2 
Uruguay 1.4 

Alldeveloping 58.9 Total world exports = $146m 

(12) Palm oil 
Malaysia 60.2 
Singapore 21.0 
Indonesia 9.0 
Papua New Guinea 2.3 
Ivory Coast 1.4 

All developing 95.6 Total wo:!d exports = $2,641m 

Jute and bast fibresd(13) 
Bangladesh 76.7 
China 14.0 
Alldeveloping 97.4 Total world exports = $193m 

(14) Sisal' 
Brazil 42.6 
Kenya 26.5 
Mexico 10.3 
Tanzania 7.3 
Madagascar 4.4 

All developing 97.1 Total world exports = $68m 
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(15) Rubber 
Malaysia 41.6 
Indonesia 25.8 
Thailand 18.0 
Sri Lanka 3.4 
Liberia 2.8 
Alldeveloping 97.3 Total world exports = $2,783m 

Notes 
a Defined as agricultural exports of which developing countries' share of world 
total is 50% or more. All figures are in terms of percentage of world exports unless 
otherwise indicated. 
b Includes cocoa beans, cocoa powder, cocoa butter and other products 
c Includes toasted and green coffee 
d Inc!udes kenaf and allied fibres 
e Includes other hard fibres 

Sources: FAO, 1986 FAQ Trade Yearbook, vol.40 (Rome: FAO, 1987); and FAO,
Commodity Review and Outlook 1986/87 (Rome: FAO, 1987). 

to monocropping cassava. They are even removing terracing and 
other soil and water conservation structures to increase the area 
of cassava cultivation. On very steep slopes and highly erodible 
soils, the long-term impacts on land productivity may be severe. 
As domestic cassava prices eventually return to near world levels ­
they have in the past generally followed world market trends ­
the area planted to cassava in the Javan uplands should also 
decline. But, in the meantime, the on-site productivity costs and 
off-site erosion impacts of the recent price distortions may have 
already impaired the prospects for secure livelihoods for many
upland farmers, and for the sustainable management of upper 
watersheds as a whole. In the long term, expanding cassava 
exports is neither an economically nor environmentally sustain­
able solution to Indonesia's growing debt problems. 

Thailand 
Certain major agricultural-exporting developing countries are 
facing increasing trade conflicts with industrialized competitors, 
particularly the United States. Thailand, for example, has long
been one of the world's major rice exporters and is heavily 
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dependent on these earnings. But it is now facing strong competi­
tion from the United States which, in order to reduce rice surpluses 

produced by farm income-support programmes, has cut its rice 

export price in half over 1985-86. In an already depressed world 
grain market, Thailand now has to compete with the United States 

in the high-quality rice export markets for the EEC and Middle 

East, as well as with more traditional rivals, Pakistan and Burma, 

in the low-quality rice markets. 
As a result, although Thailand's rice exports rose by nearly 

330,000 tonnes in 1986, earnings declined by US$112 million. The 

average price per tonne dropped from US$215.85 to US$173.46. 

American rice exports to the EEC in 1986 increased by 33,000 

tonnes, whereas Thailand's exports fell by 44,000 tonnes. Although 

world rice prices have since recovered to over US$200 a tonne, they 

are forecast to stay near this level for the rest of the century. This 

has led the World Bank and other multilateral lending agencies to 

stop financing public investments in irrigation and other infra­

structure activities, which are crucial to expanded rice production 

in Thailand and other Asian countries. In the long term, this may 

eliminate the excess capacity of the global rice market, but in the 

meantime the United States still has 2 million tonnes of rice stocks 

and another 2 million tonnes of excess production capacity in the 

form of land presently diverted from production. The market for 

Thai rice will thus continue to be depressed by this excess capacity 
for some time. t 2 

Ghana 
The difficulty in reducing the vulnerability of the agricultural 

systems of low-income food-deficient economies to external 
economic stresses and shocks is illustrated by the case of Ghana. 

As with most poor Sub-Saharan African countries, whose growing 

indebtedness was attributed to poor economic management, 
Ghana was urged, in the early 1980s, to adopt structural adjust­

ment reforms by the World Bank and IMF. 
During the 1970s, agriculture (including forestry and fishing) 

contributed to over half of GDP, around 65% of average export 

earnings and 55% of labour force employment. Yet over this 

period, agricultural output declined at an annual rate of 0.3%, and 

http:US$173.46
http:US$215.85
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real per capita income fell by over 30% in total. Major factors in­
cluded a highly overvalued exchange rate and excessive export 
taxes on cocoa - by far the major export commodity. In addition, 
by 1982 producers were receiving less than 17% of the real price of 
cocoa in terms of 1962/63 values and half the level of producer 
prices in neighbouring Togo and Ivory Coast. Consequently, 
between 1960/65 and the early 1980s, Ghana's share of the global 
cocoa market fell from a peak of 36% to around 17%, with perhaps 
as much as 8-12% of cocoa output being illegally marketed through 
neighbouring countries. I 

Beginning in 1983, Ghana attempted to reverse these trends 
through structural adjustment reforms which included a 90% 
exchange rate devaluation in real terms over 1982/83 to 1987, 
a 50% increase in the real price of cocoa over 1983-85 plus a 
further doubling by 1987, an,! a raising of' the producer price of 
cocoa to over half the Ivory Coast level. The objectives were an 
immediate 25% increase in cocoa output by 1985/86 compared to 
two years earlier; and a long-term sustained output of 300,000 
tonnes per annum. 

Although cocoa output has increased substantially each year
since 1983, reaching 230,000 tonnes in 1986, it still remains 
roughly 75% of 1975-80 levels. With so much of the agricultural 
recovery strategy relying on the revival of cocoa exports, the major 
constraint on production has been the depressed world market and 
the increased competition from new producers, such as Malaysia. 
Between 1973 and 1984 cocoa prices for Sub-Saharan exporters 
increased on average by only 0.3% per annum; and as a conse­
quence the overall terms of trade fbr Ghana declined on average 
by 1.1% annually. They fell by as much as 50% between 1979/80
and 1983/84.14 With cocoa accounting for dose to 42% of total 
export earnings,: ,igricultIe in Ghana - and indeed the whole 
economy ­will remain vulnerable to fluctuations in the international 
cocoa market until there is a greater effort to diversify exports. 
The unknown effect is the impact on the natural resource base. 

On the one hand, the general rise in rural incomes from the revival 
of small-holder cocoa, and thus all agricultural cultivation, may 
have reduced the motivation for ovei -extension of food production 
out of sheer poverty. On the other, the revival of cocoa's fortunes 

http:1983/84.14
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may have spurred some farmers to convert yet more environ­
mentally-fragile marginal land to cocoa pr%-duction. 

Trade-offs 

The above examples, as well as the preceding discussion, highlight 

an important question which must be considered in global policy­

making for agricultural development. Namely, is there an inher­

ent trade-off between the objective of global economic efficiency 

which is being promoted by the West and Wcstcrn-dominated-
multilateral institutions via pressure for free trade and structural 

reform in the developing countries - and national sustainability, 
and the equity between and within states? Unfortunately there 

is, at present, no clear answer to this qUcstion. The trade-offs 
areundoubtedly occur under present policies but whether they 

inevitable is another matter. 
Although economic efficiency is the stated objective of current 

global economic and agricultural policies, this goal has yet to 

be realized. A recent World Bank report indicates that, if both 

developed and developing countries corrected the distortions 

caused by their present agricultural trade and pricing policies, 

the efficiency gains would be US$18.3 billion (1980 prices) for 

the developing countries, US$45.9 billion for industrial market 

economics and US$41 .1 billion world-wide. 16 There is evidently 

a long way to go before global efficiency isattained. Moreover, 
it is also clear that present policies are hardly Pareto optimal let 

alone equitable between states. That is, it is possible, by ending 

these disturbing policies, to reallocate resources so as to make 

h: th industrialized and developing countries better off. 

In addition, while it is apparent, as we have demonstrated 

above, that these reforms may threaten agricultural sustainability 

and have implications for the equitable distribution of income and 

wealth within the developing eLonomies, our current knowledge 

and analysis of the potential trade-offs is insulfticictt to provide any 

idea of their magnitude or their inevitability. At this stage all we 

can say is that as these reforms progress over the ,:oningyears it is 

imperative that such analysis of tradc-offs is pursued. 
Finally, such an analysis cannot be completed on the basis of 
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knowledge of international economic relations alone. Essential 
also is an understanding of how national policies influence the 
sustainability and equitability of agricultural development. It is 
to this issue that we turn in the next chapter. 
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4. National Policies
 

In .,eprevious chapter we highlighted the international constraints 
with which developing countries must contend in devising more 
sustainable agricultural systems. Even though these constraints 
appear formidable, whether they actually become binding
depends, to a large extent, on the national policies and strategies 
which developing countries adopt. In particular, if national agri­
cultural strategies and targets fail to take account of the conditions 
required for sustainability and equitability - especially the need 
for 	proper resource management - the long-term prospects for 
agricultural development may be seriously undermined. 

Agricultural strategies and targets 

Strategies for agricultural development are difficult to typify for 
all the developing countries of the world. There are, none the 
less, certain key issues that are currently being highlighted in 
debates concerning appropriate agricultural targets and strat­
egies for Third World development. These include: 

* 	 export versus food-crop production 
* 	 large versus small-scale farming 
* 	 the role of marginal versus more favourable agricultural 

lands 
* 	 the role of external assistance, and the role of the private 

versus the public sector. 

In each case these raise, either explicitly or implicitly, problems 
of natural resource management and environmental degradation, 
on the one hand, and ofsocial justice, distribution and participation 
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on the other. In this chapter we begin by illustrating these cross­
cutting problems by focusing on two of the key issues - export 
versus food-crop production, and marginal versus favourable land 
development. 

Export versus food crop production 

As part of the structural-adjustment policy reforms advocated by 
the International Monetary Fund (IMF), World Bank and other 
international lending agencies, many developing countries are 
being urged to reorientate their economies towards the production 
of tradable commodities, including agricultural exports. At the 
same time they are being urged to forego policies which promote 
self-reliance, for example increasing domestic food production to 
achieve self-sufficiency. Indebted African countries are being 
encouraged to specialize in export crops in which they enjoy a 
comparative advantage, as it is believed that their agricultural 
labour productivity is generally substantially higher in export than 
in food-crop production. It is also widely acknowledged that food­
3ecurity needs can be met without a country having to be com­
pletely self-sufficient in food production. However, as we pointed 
out in the previous chapter, a high dependence on agricultural 
export commodities, and on food imports and/or aid, can leave a 
low or lower-middle income developing economy vulnerable to 
the external stresses and shocks imposed by the vagaries of 
international markets. 

In addition, there are a number of arguments cautioning against 
overspecialization in agricultural export production, particularly 
in the African context. First, it may be difficult to achieve. Farmers 
tend to be risk averse, and may be unwilling to put their resources 
into export-crop production if their ability to produce adequate 
home food-supplies is in doubt. Second, a substantial portion of 
African and other developing' country labour resources are already 
in food production. Thus, failure to raise significantly the produc­
tivity of these resources could mean leaving large numbers of 
people undernourished and in poverty during the long period 
required to shift to an alternative production and distribution 
system. Third, as the food-production resource base of developing 
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countries varies considerably, particularly in Africa, the com­
parative advantage argument for export crop production may not 
apply to all places. Fourth, it is unlikely that any government, 
given reasonable prospects ofsuccess in domestic-food production, 
will find it politically acceptable to import the bulk of its basic food 
sustenance. Finally, specialization it, export-crop production and 
reliance on increasing food imports may accelerate change in food 
preferences away from indigenous crops, such as millet, cassava 
and other root crops, to commodities readily available in inter­
national markets, such as rice, wheat and maize. If such supplies 
fail, for any reason, it may prove difficult to revert to indigenous 
food crops. Over a period of tin,: much of the knowledge asso­
ciated with indigenous food production may be lost or, at the least, 
the technologies will have stagnated. 

On these grounds it is often argued that the best strategy is 
a mixed one, emphasizing continued promotion of food-crop 
production coupled with selective specialization in export crops 
to boost foreign exchange.' 

However, there is an additional dimension to the controversy. 
A frequent criticism of policies to promote export-crop produc­
tion in developing countries is that export-orientated agricultural 
development is less environmentally sustainable than food produc­
tion for domestic consumption. This is an important issue but 
we believe the argument is too simplistic. In our view the main 
obstacle to sustainable agricultural development is the failure of 
any economic policy, whether promoting food crops or exports, 
to address adequately problems of natural resource management. 
Policies to achieve food self-suificiency may therefore be neither 
inherently more nor inherently less environmentally sustainable 
than export-orientated agricultural development. 2 

One major difficulty in analysing the sustainability of cash­
versus food-crop 'production is that distinctions between cash 
crops and food crops are not clear cut. Ofter the terms "cash 
crops" and "export crops" are used synonymously. Strictly 
speaking, however, a cash crop may be sold at home or abroad 
and may be either a food or non-food commodity, whereas an 
export crop is a cash crop which ultimately is exported from the 
country producing it. The major non-food cash crops which are 
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exported are cocoa, coffee, fibre crops, rubber, tea and tobacco. 
In contrast, the term "food crop" ,sually refers to domestic 
production of basic staples (cereals, pulses, roots and tubers). 
Although these are the principal subsistence crops, they are also 
often marketed. 3 For example, in Asia sizeable proportions of 
rice and wheat, which are basic food staples, are sold for cash. 

Ric.- is a major export crop for Burma, China, Pakistan and 

Thailand. 
Moreover, aggregate evidence suggests that expansion of cash 

cropping for export in most developing countries is not necessarily 

at the expense of staple food production. In general, countries tend 

to manage sufficient growth in both cash-crop and staple-food 
production or fail to achieve either (see Table 4.1 and discussion 

in previous chapter). For example, in Sub-Saharan Africa, con­
stant or declining per capita food production has been associated 
with constant or declining shares of land allocated to cash crops. 

As agricultural export earnings stagnated or declined in most of 

Sub-Saharan Africa, countries in the region were unable to import 
sufficient agricultural inputs, spare parts, or raw materials and 
consequendy also experienced falls in per capita food production. 

Over 1968-82, the majority of countries with positive growth .in per 
capita production of basic staples have simultaneously expanded 

their area devoted to cash crops. 4 

The crucial questions are: where is the expansion occur­
ring? And with what specific crops? The amount of land grow­
ing both export and food crops in developing market econo­
mies has increased in the last ten years due to the bringing 
into production of "new" land, such as areas under forest 

or previously considered marginal (see Table 4.2). In some 
instances, the expansion of cash cropping for export - such 
as in the southern Volta region of Ghana and the Cauca Val­

ley of Colombia - may take the most fertile land, pushing 
food production and subsistence farming on to marginal lands. 

In other regions, government policies deliberately encourage 

the production of food crops in marginal areas, often without 
simultaneously encouraging proper management techniques and 

agricultural practices which can reduce environmental and soil­

erosion problems. In Haiti pricing policies have enc'uraged the 
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Table 4.1: Changes in production of cash crops compared with 
changes in production of basic food staples, by region, 1968-82 

Growth in shareof Grothin percapitafoodproductionperyear 
cash-cropareain (number ofcountries) 
totalland use Less than +/-I1% More than Total 

-1% 	 1% 
Asia andPacific 
Less than - 1% 1 2 1 4 
±1% 3 3 5 11 
More than +1% 1 4 3 8 
Total 5 9 9 23 

Africa 
5a 6bLess than - 1% 	 1 12 

±1% 7d 	 6c if 14 
3hMore than + 1% 49 2' 9 

Total 16 415 	 35 

Latin America and Caribbean 
Less than - 1% 1 0 1 2 
±1% 3 4 6 13 
More than + 1% 1 2 2 5 
Total 5 96 	 20 

All Countries 
Less than 1% 8 8 2 18 
1% 13 1312 38 
More thanl 1% 6 9 7 22 
Total 26 30 22 78 
Notes: The rates of change are annual changes in estimated trend lines. Grains, 
pulses, roots and tubers (in grain equivalents) are included. Totals rounded. 
a Chad, Mali, Mozambique, Togo and Uganda
b Benin, Central African Republic, Congo, Nigeria, Sierra Leone and Upper Volta 
c Niger 
d Angola, Ghana, Guinea, Kenya, Malawi, Morocco and Somalia 
e Burundi, Ethiopia, the Ivory Coast, Liberia, Senegal and Zaire 
f Tanzania 
g Egypt, Madagascar, Mauritania and Zambia 
hi Cameroon, Rwanda and Zimbabwe 
i Sudan and Tunisia 

Source: .loachim von Braun and lileen Kenntdv, (Cononercializationof Subsistence 
Agriculture: Income and nutntional efitcts in developing countn'es, Working Papers 
on Commercialization of Agriculurc and Nutrition, no. I (Washington, DC: Inter­
national Food Policy Research Institute, 1986). 
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growing of maize and sorghum in hilly areas at the expense of 
coffee and other tree crops, and have increased soil runoff and 

erosion. 5 Similarly, throughout the Third World, the planned 

extension of maize, sorghum and millet into dryland areas has 

tended to exacerbate problems of soil erosion iind exhaustion. 

Tables 4.3 and 4.4 indicate that in both tropical and sub-tropical 

(e.g. Javan upland and West African) corditions, land under 

these and other annual food crops may be more susceptible to 

erosion than under other forms of vegetation cover. 

Table 4.2: Harvested areas under basic food and export crops 

(million hectares) 

All developing Africa 
co'ntries 

1974-76 1984 1974-76 1984
 
(average) (average)
 

Food
 
69.7 70.9 

Roots and tubers 20.7 23.1 11.2 13.0 

Pulses 46.9 51.3 11.7 12.6 

Cereals 301.9 322.2 


Total 369.4 396.5 92.6 96.4 

Export
 
Cotton 20.2 20.7 4.0 3.9 

Coffee 8.6 10.1 3.3 3.3 
4.9 3.3Cocoa 4.4 3.2 

Tea 1.0 1.3 0.1 0.2 
2.2 0.3
Tobacco 2.3 0.3 


Sugar 11.4 15.0 0.5 0.6
 

3.9 4.8 0.7 (est) 0.9 (est)Palm Oil 

Rubber 5.6 6.5 0.2 (est) 0.2 (est)
 

65.5 12.7
Total 57.4 12.3 

Source: UN Food and Agriculture OrganizationProduction Yearbook 1984 (Rome: 

FAO,1985), plus additional FAG figures. 
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In summary, agricultural strategies which do not take into 
account the possible environmental impacts and displacement 
effects of increased production may lead to a less than optimal 
allocation of land use in both the short term and long term. 

Table 4.3: Vegetal cover factors (C) for erosion in West African 
conditions 

C 
Bare soil 1.0 

Dense forest or culture with a thick straw mulch 0. 001 

Savannah and grassland, ungrazed 0.01 

Forage and cover crops - late-planted or with 
slow development: 

First year 0.3-0.8 
Second year 0.1 

Cover crops with rapid development 0.1 

Maize, sorghum, millet 0.3-0.9 

Rice (intensive culture, second cycle) 0.1-0.2 

Cotton, tobacco (second cycle) 0.5 

Groundnuts 0.4-0.8 

Cassava (first year) and yams 0.2-0.8 

Palms, coffee, cocoa, with cover crops 0.1-0.3 

Notes: C. rcprecentative annual value. The C value indicates the rate of erosion 
;inder different cropping patterns and cover, relative to bare soil. In general, the 
better the protection of the soil surface, the lower is the rate of erosion. 

Source: Robert Repet to, Economic PohcvReform for NaturalResource Co: ervation 
(Washington, DC: World Resources Institute, 1986). 



Nutional Policies 89 

Moreover this is true whether the aim of the strategies is to 
promote export-crop production or achieve food self-sufficiency. 

Favoured versus marginal lands 

For marginal lands, farming systems need to be chosen to suit 
both the given agro-ecological conditions and the economies of 
local farming households. Too often, though, production-led 
policies for both food and export crops are designed without 
sufficient knowledge of these conditions and of their implica­
tions, particularly for sustainable agricultural development. 

A first step in addressing this issue is to make a clear and 
explicit distinction between "green revolution" agriculture on 
more favoured agricultural lands, i.e. areas which are generally 
fertile, irrigated or otherwise well-watered, uniform and flat; and 
"low-resource" or "resource-poor" agriculture on more marginal 
agricultural lands, i.e. areas which are generally less fertile, rainfed, 

Table 4.4: Estimated soil loss for different land uses (Java ­
middle volcanic agroecosystem) 

Type ofiand use (volcanic soil) Measuiedsoil loss 
(Tonnes/halgrowingseason) 

Bare soil, terraced 20 

Cabbage, terraced 15 

Maize, non-terraced; 3-degree slope 7 

Grass, terraced 0.3 

Coffee, non-terraced; 3-deg:ee slope 0.2 

Source: Brian Carson and Wani Hadi Utomo, Erosion and Sedimentation Process 
in Java (Malang, Indonesia: KEPAS and the Ford Foundation, 1986). 
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diverse and undulating. Marginal lands in the Third World, which 
are typical of most of Sub-Saharan Africa but also the semi-arid 
and arid lands, uplands, swamplands and converted forest-lands 
of Asia and Latin America, are characterized not only by lower 
quality and productivity but also by their greater insecurity. This 
is especially true of their microclimatic, agro-ecological and soil 
conditions. Moreover, changes in marginal farming systems -
such as the introduction of productivity-increasing technologies 
and crop specialization - which are not adequately adapted to these 
conditions, may actually impose additional stresses that make the 
systems even more vulnerable. This often means that, irrespective 
of whether the general productivity trend is upward or downward, 
its variability and the frequency and seriousness of crisis situations 
may increase and threaten overall sustainability of production.6 

The sustainability of resource-poor agriculture on marginal 
lands is crucially linked to the responses of poor rural peo­
ple to population growth, migration and "core invasions and 
pressures". The latter can be defined as "extensions into rural 
areas of the power, ownership and exploitation of central, urban 
institutions and individuals which include the richer world of 
the North, governments of the South, commercial interests, and 
professionals who are variously wealthy, urban and powerful". 7 

Although rapid population growth and uneven distribution in 
some areas of the Third World - particularly on marginal lands 
- undoubtedly complicates natural resource management, it is 
also true that: 

Population pressures on resources usually reflect an extremely
skewed distribution ofresources. When farmers encroach on tropical
forests or cultivate erodible hillsides, population pressure isblamed, 
but the pressure typically stems from the concentration of land in 
large holdings.8 

As depicted in Figure 4.1, the responses of the rural poor in 
marginal areas to such external and internal stresses can have 
important development consequences: 

In such areas, as populations grow and common property resources 
are appropriated, agriculture becomes more intensive and for a time 



Figure 4.1: Rural migration and resource exploitation: some general tendencies 
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at least, less sustainable as fallows shorten and/or livestock become 
more numerous. Core invasions and pressures, appropriations and
exclusions by governments and by the urban and rural rich, declining
biological productivity, and rising human populations may drive many
of the poorer people to migrate. This they do either seasonally or 
permanently, some to cities and towns, some to areas of green
revolution agriculture, and some to forests, savannas, steep slopes,
flood-prone flatlands and other vulnerable or marginal 9areas.

The failure to provide adequate, secure and sustainable liveli­
hoods for the rural poor in marginal areas therefore exacerbates 
existing problems of population pressure, rural-urban migration,
degradation of fragile environments and, even, political instabil­
ity. The answer, though, is not to abandon marginal lands, but 
"to see how more people can gain such livelihoods where they 
are already, without having to migrate to towns or other rural 
areas where they so often suffer and aggravate already bad 
conditions for others."' 0 

One of the main biases in agricultural development strategy is 
the assumption that resource-poor agriculture in marginal areas 
has limited production potential. Yet evidence suggests this 
assumption is false. Although the productivity of marginal lands 
may not reach the high yields of more favoured lands, experi­
ence shows that a combination of appropriate farming-systems 
techniques, research and extension, inputs, economic incentives,
infrastructure and, above all, participation and commitment by
the beneficiaries, can lead to successful projects under the most 
difficult agricultural conditions. One of many examples is a 
World Neighbours project in Honduras, discussed further in 
Chapter 5.11 At a cost of US$13 per person, the Guinope
Integrated Development Program has transformed a previously
unsustainable small-holder agroecosystem, through appropriate
agricultural technology, training and erosion control - includ­
ing intercropping of "green manure" crops with the traditional 
corn or sorghum - into a surplus-producing system with yield
increases of over 300% and a marketable surplus of vegetables.

Even in drought-prone Sub-Saharan Africa, there are numerous 
successes in improving agricultural sustainability in resource-poor 
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systems - ranging from the large-scale Kenyan Soil and Water 
Conservation Programme to the Yatenga Water Harvesting Project 
in Burkina Faso. 12 Replicating these successes on a larger scale and 
in other areas could have a significant impact on the production 
potential of marginal lands. 

In addition, the current contribution of production on marginal 
lands may already be important to agriculture, even in those coun­
tries fortunate to have large areas of more favourable lands. For 
example, rice production in Indonesia, which accounts for 69% 
of the total food-crop area harvested, already occupies the most 
fertile lowland areas on the islands of Java, Bali, Southern Sulawesi 
and Southern Sumatra. On these lands there is little room for 
expanding irrigated rice production or increasing yields, suggest­
ing that agricultural resources there are already being exploited 
at or near their full potential production levels. 

In contrast, agricultural production on Indonesia's more margi­
nal lands is characterized by low yields. The causes are unsuitable 
cropping systems, land-management techniques, input packages 
and, above all, research and extension advice that are inappropri­
ate for the more diversified and fragile agro-ecological conditions 
found on these lands. Nevertheless, dryland - mainly upland ­
food production accounts for nearly two-thirds or more of maize, 
cassava, sweet potato and peanut production and around 40% 
of soybean production on Java. The total dryland area planted 
to paddy and secondary crops on Java amounts to about one-fifth 
of the total harvested food-production area in Indonesia. Thus food 
production on the marginal drylands of Java alone may contribute 
to over 3% of gross domestic product (GDP) and about 15% of 
agricultural GDP. If the currently low dryland yields were to be 
substantially increased by introducing appropriate techniques, 
inputs and advice, food production on these lands could rise by 
25%. In particular, on highly erodible soils (e.g. limestone clays) 
and on slopes greater than 50%, switching out of annual food 
cropping altogether into perennial tree crops and livestock-based 
systems would significantly increase the economic potential of 
severely degraded uplands.13 

Appropriate technology for marginal lands is not, however, 
enough by itself. Whether the full economic potential of such lands 

http:uplands.13
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is realized will depend equally on designing appropriate pricing 
policies. 

Pricing and macro-economic policies 

Current agricultural strategies in developing countries, whether 
aimed at export promotion or food production, tend to be narrowly 
focused on maximizing short-term gains with very little regard to 
proper resource management. They arc often translated into very
singular production goals and targets. Issues of sustainability ­
whether patterns of resource use can sustain increased production, 
or whether investment programmes and incentive schemes are 
contributing to such problems as soil erosion, water scarcity and 
deforestation - are not generally given high priority. Nor, as agro­
processing and domestic production of agricultural inputs are 
developed, is there usually any concern for the additional problems 
of competition over scarce water supplies, pollution and the 
handling and disposal of toxic wastes. 

As developing economies are generally characterized by active 
government intervention in markets, such strategies are reinforced 
by, if not enacted through, pricing and macro-economic policies. 
Of particular importance are: 

* 	 macro-economic policies, such as trade, exchange rate, fiscal 
and monetary policies, which have a significant impact on 
agriculture 

* 	 agricultural input and output pricing policies and interven­
tions, such as export and import duties, subsidies, producer 
margins and government monopolies 

* 	 agricultural stabilization policies, including the use of 
consumer subsidies, price stabilization, marketing boards 
and manipulation of stocks. 

These policies can influence the relative prices of agricultural 
goods and also change lhe prices ofall agricultural products relative 
to those of non-agricultural goods and services. They are, there­
fore, powerful determinants of the sustainability of agricultural 
development in Third World economies. If policy strategies in 
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these countries are to incorporate natural-resource management 
concerns, then it is also necessary to develop complementary 
changes in macro-economic, pricing and regulatory interventions. 

This is important for two reasons. First, these policie2 have 
a direct and far-reaching impact on producer and consumer 
economic activity, which in turn affects the incomes, resource 
allocation and investment decisions of individual farmers. For 
example, if farm profitability is reduced: 

the returns on investments in farmland development or conservation 
are also depressed, which reduces both the farmers' ability and their 
incentive to invest in levelling, terracing, drainage, irrigation, and 
other land improvements. The resulting loss of land productivity 
through erosion, salinisation, arid depletion of nutrients compounds 
the problem of rural poverty, even in the short run.14 

Second, the benefits of agricultural investments, including in­
vestment programmes supporting environmental and natural­
resource management objectives, are sensiiive to changes in overall 
economic and agricultural policies. For example, soil and water 
conservation projects which emphasize the use of agroforestry 
systems based on high-valued perennial crops - such as coffee, 
cocoa, rubber, bananas, tea and spices - in order to provide root 
structure and canopy cover on erodible upland soils, have less 
chance of succeeding if the returns to producers are reduced by 
export taxes, monopoly marketing practices or overvalued ex­
change rates. 

Exchange rates 
Of particular concern are macro-economic policies which are 
biased against agriculture. Overvalued exchange rates and high 
levels of.protection to non-agricultural sectors effectively place a 
tax on farming. The prices of industrial import substitutes, farm 
inputs and nontraded goods are increased relative to the prices of 
agricultural import substitutes and exports. The internal terms 
of trade for agriculture deteriorate and agricultural prices become 
chronically depressed, so undermining efforts to design policies 
to encourage more sustainable agricultural development. 

These effects are especially apparent in Sub-Saharan Africa. 
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Table 4.5: Index of nominal and real protection coefficients 
for cereals and export crops in selected African countries, 
1972-83 

Cereals Exportcrops 
1972-83 1981-3 1972-83 1982-3 

Country NI RI NI RI NI RI NI RI 

Cameroon 129 90 140 108 83 61 95 75
 
IvoryCoast 140 98 119 87 92 66 99 71 
Ethiopia 73 55 73 49 88 71 101 66 
Kenya 115 94 115 98 101 83 98 84 
Malawi 85 79 106 100 102 94 106 97 
M,. 128 79 177 122 101 83 98 70
 
Niger 170 119 225 166 82 59 113 84
 
Nigeria 126 66 160 66 108 60 149 63 
Senegal 109 79 104 89 83 60 75 64
 
Sierra Leone 104 95 184 143 101 93 92 68 
Sudan 174 119 229 164 90 63 105 75
 
Tanzania 127 88 188 95 86 62 103 52 
Zambia 107 93 146 125 97 84 93 80 
All Sub-Saharan 122 89 151 109 93 71 102 73 

Africa 

Note: The nominal index measures the change in the nominal protection coefficient 
with border prices converted into local currency at official exchange rates. The 
real index measures the change in the nominal protection coefficient with border 
prices converted into local currency at real exchange rates. Data for Ghana are 
not available. 

NI = nominal index 
RI = real index 

Source: World Bank, World Development Report 1986 (Washington, DC: World 
Bank, 1986). 
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Between 1969-71 and 1981-83, for all Sub-Sahar..i African coun­
tries, real exchange rates appreciated by 31%. Exchange rate over­
valuations were particularly large in Ghana, Nigeria, Tanzania and 
Uganda. Over the same period, those countries whose cirrencies 
showed an annual average rate of appreciation experienced a lower 
growth rate in agriculture (1.5% growth per year, or 1. 1% excluding 
Botswana) than those whose currencies depreciated (2.6% growth 
per year). Moreover, although between 1969-71 and 1981-83 incen­
tives for cereal production in these countries- calculated in terms of 
S.'.ninal protection coefficients using official exchange rates - in­
creased by 51%, when real appreciations in currencies are taken into 
account, the actual increase in incentives was only 9%. For export 
crops, incentives increased nominally by about 2%but due to cur­
rency appreciation actually declined in real terms by 27% (see Table 
4.5).15 

Foodprices 
Over the long term, higher food prices could lead to higher rural 
real wages generally and improve the efficiency of resource­
allocation and use, thereby generating economic growth and 
increased employment. None the less, relying on this as a means 
of inducing economic behaviour more conducive to sustain­
able agriculture may have uncertain and unircended impacts, 
particufarly on equitability. For example, it is often believed 
that increasing domestic food prices provides greater incentives 
to farmers to increase the supply and sustainability of food 
production, by providing them with a secure income io invest 
in farming-system improvements which reduce environmental 
degradation. However, it may have the unintended result of 
reduced real incomes and creation of severe hardships for the 
poor, at least in the short term. 

As indicated in Table 4.6, both urban and rural poor are more 
responsive to food price changes than higher-income groups. 
In particular, landless rural labourers suffer from higher food 
prices, as they are increasingly paid with cash rather than goods, 
and their wages change more slowly than do prices. Many of the 
rural poor do not derive a large share of their income from either 
wage labour in food production or from the sale of food, and a 
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large proportion are net consumers of food. Often those who do have 
access to land produce food largely for themselves and have only a 
small marketed surplus. 

Thus thu proslpect of uncertain gains may be in1ufficient 
compensation for th poor who. in the short turin, are adversely 
affected. Moreover. markt imperfetions ard govurnment pol­
icy which reduce producers" share of the final price may weaken 
even the long-term impac.t of higher food priice, In terms of
higher farm incomus and increasud farm output. 

Although remunurative tPmod price,, as supp!y incenTives are 
essen Oal for -- utainahu agzricult ural development, raising food 
prJces alonc vihout cmplimuntarv structural reforms may 
aciuaflv uxaerbatc poverty. SULh ruforms include improve­
ment s in theCtlcic, '4f o'imarketing. Mreasing producers' 
price margins aid The nt r,'duh._tinn 1oo t -red ung tuchologi­
cal improvrrint ; vhJi i amu apprpriatc ti I,).al ;igroecological 

Table 4.6: Price elasticities of demand for rice among low­
income and high-income groups, selected countries 

L.,w Zm ,en, 111-h intcome 
P ert(:nttle I'rm,t I r-centile Price 

('ountrl. elIatIcIIV elasticity 

Bangladesh! rural,: 10 - !.30 90 -0.83 
Brazil 15 -4.31 90 -1.15 
Colombia Cali 1 -0.43 93 -1.19 
India (rural 3 - .39 96 -0.39 
India urhan, 1 - 1.23 92 -0.21 
Indonesia 8 -1.92 55 -0.72 
Philippines 12 -0.73 87 -0.40 
Sierra 1.eue 'rural 16 -2.16 8,1 -0.45 
Thailand 12 -0.74 87 -- 0.46 

.'fure: lCr I.ll;p-Andcr n. j ,, pr1.anrd ,hc poor in devtloping coun­
tries, in J.P'. ('mj .lic Q.I:rsingtor, eds.. I",oj PIolic.: integrating1ttvn,. J.I , 
sUppPv, di rib.ul,; and ,i urnt;hvi 'Baliniore: Johns I lopkin Universitv P'ess, 
1987,.
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conditions and resource endowments even in rural areas, without 
benefiting producers significantly. But because such reforms may 
take time to expand production and hold down prices, selectively 
targeted food subsidies must be used to ease poverty temporarily. 
In the long run, the hope is that expanded fo6od production will 
result in iess expensive food. as well as a reduction in any food 
imports. Furthermore, the economic gains from the temporarly 
higher fod prices in conj unction with long-term structural rcforms 
should exceed the cost of fullI compensation to the poor in the short 
terill . 1 ," 

Input ,ubs:it's 
Input subsidies aimed at increased food and cash-crop produc­
tion may also have important and unanticipated impacts, in this 
cawe on efficiency and sustainabilitv. In Indon'.:;i.;, for instance, 
'.ubsidies for fertilizers have reached 68% of world prices. As a 

result, consumption of fertilizer increased by 77% (12.3(% per year) 
over 1980-85. Thecurrent rate ofconsumption, 75 kilogrammes per 
hectarc 'kg ha) of arahbe land, is much higher than in other Asian 
countries e.g. 32 kg in the Philippines and 24 kg in Thailand), and is 
encouraging inappropriate application and wastage. Similarly, pes­
ticide subsidies (o-40" and irrigation subsidies of 87" in Indonesia 
arc encouraging wasteful use of these inputs. -

In addition to imposing a financial burden on Third World 
governments, inappropriate input subsidies for fertilizer, pesti­
cides and irrigation can impose considerable external costs in 
terms of agricultural pollution and resource depletion. Some 
of these can be considered user-costs; ihe farmer may lose 
futuie agricultural productivity because of pesticide resistance, 
or through misallocation of input investment or inappropriate 
use, or becaue of future scarcity of resources such as water. 
In Indonesia the total losses in irrigated rice production from 
the 1986 87 outbreak of brown planthopper attack is an esti­
mated US$390 million.", But inappropriate use of agricultural 
inputs also produces a wide range of negative externalities. 
These include damage to human health, fisheries and biologi­
cal diversity through pesticide misuse; problems of groundwater 
contamination and eutrophication of surface water from fertilizer 
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run-off; and the diversion of scarce water supplies to irrigation from 
other valuable uses (e.g. industrial purposes, domestic use and fish 
ponds). The environmental implications of agricultural input sub­
sidies are rarely considered in the design ofagricultural policies, yet 
the user and externality costs of these impacts are often very high. In 
all developing countries, the environmental dimension of major 
changes in economic incentives needs to be more thoroughly 
analysed, if policies for more sustainable agricultural development 
are to have arealistic chance ofsuccess. 

Pricing policy and sustainability: Indonesia 

Indonesia provides a good case for such an analysis. In particu­
lar, it clearly illustrates that governments can dramatically influ­
ence the incentives for sustainable agricultural development. 
Policies on commodity prices, farmer incentives and input subsi­
dies all have significant implications for erosion, pollution and 
the use ofscarce resources. 

Commodit'prices 
Agricultural markets in Indonesia are highly complex, and although 
govecinment management is pervasive, the degree of intervention 
varies significantly from market to market for the various crops 
cultivated. Some crops ar protected while others are not. The 
market for rice, for instance, is highly regulated, with the govern­
ment of Indonesia's (GOI) procurement agency, BULOG, main­
taining floor and ceiling prices through its accumulation and 
control of inventory stocks and imports. BULOG has also been ac­
tive in the markets for sugar, corn, soya beans and wheat, although 
mainly to restrict imprts. In addition, extremely high and effective 
protection rates exist for fruits, vegetables and dairy products as a 
stimulus to domestic production, which for the mo-,t part is not 
traded internationally. The rate has been as high as 200%.2 2

)Cassava, 

too, has been supported. Prices double in 1985 and again in 1987, 
largely reflecting the GOI's targeting objectives of overcoming 
domestic shortages and procuring sufficient supplies to meet the 
EEC export quota (see also Chapter 13).21 
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In contrast, there has traditionally been little government 
intervention in the markets for non-grain staples (apart from 
cassava), such as groundnuts and minor legumes (mungbeans, 
pigeon peas and so on), which are mostly nontradables. 

Examination of thL ratio of domestic producer prices to border 
prices (the nominal protection rate - NPR) suggests that despite 
the varying degrees of market intervention, prices for rice, corn 
and cassava have not been significantly distoi:-.d. But the mainly 
positive NPRs for soya beans and sugar between 1972 and 1985 
indicate that import controis have lifted domestic prices well 
above world levels. For export crops the long-term decline in 
world commodity prices has significantly eroded the nominal and 
real incentives to domestic producers, but recent devaluations have 
somewhat restored Indonesia's competitiveness. 

The overall effect of these interventions has been to reinforce 
the profitability of horticultural crops and, to a lesser extent, 
soya beans and livestock products. Protective pricing together 
with rigid impor! controls and stringent area-targeting have 
also resulted in expanded small-holder sugar production on 
Java. And there have been steady increases in rice production, 
although less a function of producer prices, which have been 
declining in teal terms, than of input subsidies. This, however, 
has had the effect of depressing prices for the less desirable sta­
ple substitutes produced mainly on rainfed lands, such as corn 
and root crops. They are strong substitutes for rice, especially 
among the rural poor. 

Pricingand the environment 
What have been the environmental implications of this agricultural 
pricing structure, particularly in the uplands of Java? The most 
notable effect arises from the dramatic increase in terms of trade 
for horticulture and livestock products. These appear, over the 
long term, to be encouraging upland agricultural production to 
move from less profitable cultivation of relatively inelastic, basic 
starchy staples to more profitable, income-elastic commodities 
such as fruits, vegetables, milk and meat. This may constitute an 
important incentive for upland farmers to invest in soil conservation 
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measures and improved land-management techniques, although 
increased profitability alone may not be sufficient. 22 However, 
the increased profitability of vegetable crops also means that farm­
ers are encouraged to cultivate thei. on steeply sloped volcanic 
soils, where water run-off and hence soil erosion are enhanced. 23 

Furthermore, as the average returns increase to these and other 
highly commercialized and input-intensive crops, such as sugar 
cane, then share tenancy and absentee ownership become more 
common. If these tenancy arrangements are insecure or if the 
objective of absentee owners is short-term profit maximiza,'on 
or land speculation, then incentives for long-term investments in 
improved land management may be greatly reduced. 

Finally, the recent and rapid rise of cassava prices is worrying, 
as some upland farmers are switching back from more protective 
farming systems, based on livestock rearing, agroforestry and 
multi-cropping, to growing cassava alone on highly erosive soils 
(see Chapter 3). 

Farmerinvestments 
To what extent are farmers making long-term investments? 
Improvements in terms of trade may not be directly benefiting 
farmers who need to make these investments. Although in the 
last few years the relative competitiveness of agricultural exports 
has improved due to devaluations, the considerable market power 
of exporter associations, licensed exporters and approved traders 
and other marketing intermediaries ensures that upland farmers 
are receiving relatively few of the benefits. 24 In general, farmers 
growing crops on marginal lands tend to have lower producer 
margins than farmers growing crops on the irrigated lowlands. For 
example, farmers receive 80-85% of the retail price for rice, 70-75% 
of the retail price for soya beans and only 60-65% of the final 
price for corn, which is predominantly a dryland crop. 25 Farmers 
on marginal lands are less likely to engage in marketing activities 
and more prone to price discrimination by marketing inter­
mediaries. In the Citanduy River Basin, West Java, only 10-20% 
of clove and peanut farmers perform marketing activities, such 
as drying or transporting the commodities to sub-district sellers. 26 

Iii addition, while pricing policies can encourage sustainable 
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agricultural practices they are rarely, by themselves, sufficient to 

ensure that new appropriate farming systems for marginal lands are 

ad pted. For instance, on steep uplands livestock- anti agro-forestry­
based systems are likely to be more sustainable than the cultivation of 
annual crops, while on acidic swamplands coconut-based systems 
may be more appropriate than irrigated rice. Yet if diversified small­
holder production systems such as these are to be \'able on marginal 
lands, improvements are needed in the quality and marketing of 
small-holder product;on, particularly of potentially tradable crops 
and import substitutes. As an example improved drying of coconut 
would increase the value of copra by at least Rp 25/kg, but for small­
holders this requires knowledge of better techniques (such as using 
the coconut shell for drying and not using the coconut husk for fuel) 
and collective investment, such as farmers' groups sharing the costs of 
more efficient drying kilns. 27 

Inputsubsidies 
What are the effects of such subsidies on sustainable practices? 
In Indonesia, input subsidies total about US$725 million in 
1985. The current effective subsidy for fertilizers to farmers is 
about 38% of the farmgate price (68% of the world price); for pes­
ticides more than 40%; for irrigation as much as 87%; and for credit 
an implicit rate of 8%. 

This policy of hcaviiy subsidizing agricultural inputs was one 
of the hallmarks of the rice self-sufficiency strategy of the 1960s 
and 1970s, and thus the bulk of the subsidies has benefited 
the lowland, irrigated, mainly rice-producing areas on Java, 
South Sumatra, South Sulawesi and Bali. The effects have 
been dramatic; the area of higher yielding ',.,rieties (HYVs) 
has expanded from 0.8 to 6.8 million ha, and on Java the average area 
planted with HYVs has reached 94%. The irrigated area increased 
from 3.7 to 4.9 million ha. Distribution of subsidized fertilizers rose 
from 0.2 to 4.1 million tonnes, and of subsidized pesticides from 
1,080 to 14,210 tonnes. 2x 

Now, with a new emphasis on agricultural diversification, 
these subsidies are increasingly being .,ed to stimulate produc­
tion of other crops - notably sugar, cassava, maize, palm oil 
and soya beans. Assuming no change in input policy, the total 
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cost of the subsidies is anticipated to increase, as they are 
gradually extended to agricultural cultivation on marginal lands. 
For example, rainfed crops on Java, with the exception of high­
valued vegetables, fruits and estate crops, still tend to use 
relatively fewer subsidized inputs than irrigated rice and sugar, 
but use relatively more organic fertilizers. This will change, but 
not ne.-ssarily for the better. 

Although the yields and net returns of i.:tensive irrigated rice 
on Java are substantially higher than for rainfed crops, this does 
not imply greater efficiency in use of inputs. For instance, 
despite the larger applications of chemical fertilizer and pesti­
cides on intensive irrigated paddy. their use on non-intensive 
irrigated paddy and on the predoir aantly rainfed staple crops, 
apart from maize, appears to incur lower per-unit costs. This 
supgests that subsidies are encouraging overuse of these inputs 
in intensive rice cropping. Similarly, per-unit irrigation costs for 
rice are strikingly low, given that irrigation accounts for 91% of 
the water use on Java. 29 Efficiency of input use is thus likely 
to decline and be accompanied by a greater and more wide­
spread environmental impact, particularly from fertilizers and 
pesticides. 

Fertilizers 
Overuse of fertilizers is already a substantial problem in lowland 
irrigated areas. In some areas of Indonesia, applications of urea 
can reach 200-250 kg. Since fertilizer comprises less than 10% of 
the production cost of rice and the largest production response 
is z:hieved at relatively low levels of application, the current 
high rice-fertilizer price ratio of 1.5-2 will continue to encour­
age inappropriate application withand waste, little stimulation 
to rice output. 3( Moreover, providing subsidized fertilizers to 
cultivators on marginal lands may be counter-productive, in 
that farmers will apply relatively cheap fertilizers to increase 
yields, ratner than consider more expensive but environmentally 
sound methods such as green manuring, mulching and using 
compost to maintain soil fertility. For example, in Ngadas, East 
Java, farmers are presently using over 1,000 kg of subsidized 
chemical fertilizers per hectare to produce two 10-tonne potato 
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crops. Yields are declining and, as experiments have shown, 
are less than one half of what could be attained with improved 

soil management and green manuring techniques. Recently, the 

farmers havL come to realize that increased fertilizer use was not 

offsetting yield reductions and have begun to use more organic 

fertilizer. ;I 

Pesticides 
The government has recently banned the use of 57 pesticides 

and is undertaking an integrated pest-management training pro-
Bank and the Food and Agriculturegramne with the World 

Organization (FAO). Nevertheless, the current subsidy levels will 

most likely continue to encourage inappropriate and excessive 

use. In fact, the pesticide ban was a belated response to the latest 

plague of rice brown planthopper, which was associated with mis­

application of pesticides that have wiped out natural enemies of 

pests. Pesticide subsidies tend to discourage traditional methods 

of eradicating pests and make integrated and biological pest-con­

trol nethods relatively less attractive to farmers. Subsidized pes­

ticides encourage farmers to ircat fields preventively even before 

an economically damaging insect population is present, causing 

natural enemties to be killed and releasing pests (e.g. brown plan­

thopper) from natural control. Even rice varieties normally resis­

tant to brown planthopperv, such as IR-36, have been known to 

be "hoppeiburned" (severely damaged from brown planthopper 

feeding) when treated too often with insecticides. For example, 
in Northern Sumatra, the population density of brown planthop­

per (between 0.5 and 40 per plant) rose directly as the number 

of reported insecticide applications increased; in five areas ex­

periencing hopperburn farmers were treating fields six to twenty 

times in --8 weeks without any success. 32 Recently there have 

been attempts to reduce pesticide subsidies. But while fiscal out­

lays for the subsidies have been reduced, preliminary indications 

suggest that the costs of these subsidies are being shifted from 

the official budget to the operations of parastatal producers, who 

are financing the cost burden through additional borrowing. 
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Irrigation 
The high level of subsidy for irrigation - US$401 million spread 
over approximately 4 million hectares - is also causing prob­
lems of overuse. With total operation and maintenance spending 
being reduced by budget cuts, the failure any signifi­to recover 
cant amount of irrigation costs is also jeopardizing the supply 
network. In the long run, failure to maintain the irrigation 
network will translate into losses of agricultural productivity, 
which will be exacerbated by any water scarcity problems caused 
by overuse. Allocation of scarce water supplies will become a 
pressing problem on Java in the near future, as municipal and 
industrial uses continue toexpand. 

Credit 
Credit is of crucial importance in furthering adoption of improved 
soil-conservation and land-management techniques on marginal 
lands. For example, investments in bench terracing require a 
medium-term loan for at least two years and short-term loans 
for succeeding years. Agroforestry requires long-term loans for 
at least seven years. Different rates and terms- are required for 
various private small-holder investments M marketing, trans­
port facilities, post-harvesting technologies and qualit) improve­
nments. 

Yet despite implicit subsidies, public liquidity credit is estimated 
to meet only 15%ofthedernand forcredit by farmers. Theother 85% 
is obtained informally at an interest rate of ..round 60%. Small far­
mers, particularly those outside lowland irrigated areas, are espe­
cially dependent on high cost, informal sources of funds. And, de­
spite the fact that over 50' of the subsidized liquidity credit goes to 
sugar production, it accounts for only 3.3% of the value of total crop 
production in Indonesia. concernThere is also that certain sub­
sidized and liquidity crcdit-financed priority programmes, such as 
in the major tree-crops sector, may distort the capacity of small-hol­
der producers to become financially viable. These distortions in the 
credit market, and the general lack ofmulti-purpose credit at afford­
able rates with medium- and long-term payback periods, are major 
constraints on the sustainable development ol agricultural lands. 
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Alterativepolicies 
How can existing policies be improved or replaced? Since pro­
ducer prices for the major food crops in Indonesia - rice and 
corn - have generally followed the underlying trend in world 
market prices, there seems little need to change these. But for 
uplznd soya bean and other higher valued upland crops, improved 
quality and yields may in the long term be a more effective 
way of increasing farmer incomes than the current practice of 
maintaining domestic prices well in excess of world levels. There 
is a particularly strong argument for reducing the very high 
effective protection rates for vegetables and sugar production, 
since these are not conducive to improved soil conservation prac­
tices in upland areas, and may in fact benefit the richer farmers 
more than poorer upland farmers. 

It may be necessary to continue some restrictive import con­
trols for perennial fruits and animal husbandry products so as to 
encourage the spread of agroforestry and livestock-based forage 
systems, particularly in the uplands of Java. But over the long 
term, Indonesia will need to develop export markets for certain 
products, such as tropical fruits, which will require a gradual 
dismantling of protectionist policies. In general, for all export 
crops vital to sustainable upland development (e.g. coffee, 
cloves, tea and cocoa), not only does international competitiveness 
need ,o be maintained by an effective exchange-rate policy, but 
monopolistic trading practices must be removed to allow the benefits 
of improved terms of trade to reach upland small-holders. 

Perhaps the major change is most needed in those policies - par­
ticularly input subsidies and investment strategies for research, ex­
tension and infrastructure - which are still largely biased towards 
lowland irrigated agriculture, especially rice cultivation. These re­
sult in an under-investment of resources in other agricultural areas 
that are currently absorbing labour and could potentially yield 
higher growth and incomes. They also artificially overvalue the con­
tribution of the lowlands to agricultural developme t. Further­
more, high input subsidies encourage wasteful use which is the direct 
cause of serious environmental problems (e.g. pest outbreaks, over­

2_'rtilization) and act as disincentives for proper management of land 
and water resources. With Indonesia now producii g rice surpluses­
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resulting in additional high costs for storage ofexcess stocks and for 
subsidized exports - there is a case for introducing a phased reduc­
tion of these subsidies and reallocating funds towards higher priority 
agricultural investments for sustainable agricultural development in 
non-rice growing areas. 

Reducing or eliminating input subsidies and reallocating research 
and extension funds could, in the short term, release US$275 million 
annually for investment in more sustainable agriculture. 34 Assum­
ing a complete phase out over time of the fertilizer s bsidy and a four­
fold increase in both research and extension budgets, this could in­
crease to as much as tJS$525 million per year. Such funds could be 
used, very effectively, for: 

(1) 	 integrated pest management (IPM), for .)rown planthopper 
control, to be gradually extended to IPM for other pests; 

(2) 	 increasing the availability of general rural credit, particularly to 
marginal farmers, at affordable rates and with multiple terms; 

(3) 	 research and extension to develop and support new farming sys­
tems and land-management techniquesappropriate for the mar­
ginal (mainly dryland and swampland) sedentary agriculture in 
the Outer Islands and the uplands of Java, as well 
as shifting cultivation. This would include the development 
and dissemination of new varieties appropriate to diverse 
agro-ecological conditions, research into pest and disease 
outbreaks, and improvements in small holder estate crop 
systems; and 

(4) 	 investment in: a) further improvements in farming systems for 
specific agro-ecological zones; and b) improve ments in the 
physical infrastructure serving these zones, including rural 
transport, integration of markets, credit facilities, post­
harvest technology and processing, and produce quality. 

We have discussed the particular case of Indonesia in some detail 
because it clearly illustrates the manner in which govern­
ment policies interact with one another to inhibit sustainable 
agricultural development. As we have tried to demonstrate, 
policies can be changed, and in ways that not only further sustaina­
bility but improve efficiency. The next question is how to translate 
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such policies into workable programmes and projects that which 

affect the livelihoods of small farms. We discuss this issue in the 

next chapter. 
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5. Farms and Livelihoods
 

In the preceding two chapters we have illustrated the importance 
of international and national policies in the promotion of sustain­
able development. Indeed, it could be argued that without such 
policies in place there is little chance of sustainable agriculture 
being achieved. No amount of research and appropriate exten­
sion will persuade farmers to conserve resources if powerful 
economic incentives are driving them in the other direction. 
Nevertheless, sustainable agriculture ultimately dependsi on the 
individual, day-to-day actions of millions of farmers and their 
families, pursuing a variety of strategies aimed at securing their 
livelihoods. 

While programmes of rescarch and analysis have a crucial 
role to play in policy reform, it is inevitable that the major 
proportion of development funding and effort over the next 
decade will go to executing projects whose primary focus is an 
identified group of farmers in a particular region, watershed, 
district or even village. The challeng, is ho'w to help them satisfy 
their needs in ways that are efficient and sustainable. In this 
chapter we examine the dimensions of the problem. 

Farming systems 

With the shift in focus in the 1970s - from the homogeneous, 
well-endowed and controlled environments typical of the green 
revolution lands, to the needs of farmers in more marginal and 
heterogeneous environments - came a significant change in 
research and extension emphasis. Because of the greater diver­
sity and complexity of farms in resource-poor environments, it 
became apparent that these farms had to be understood as whole 
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systems and not simply as collections of individual agricultural 
commodities. 'Moreover, the research was not to stop there, 
the 	new systems-understanding was to be used to develop new 
technologies that were appropriate in a system context. The 
result was the development of the approach known as Farming 
Systems Research and Extension(FSR&E)'. 

There is much discussion in the literature as to the precise 
nature and remit of FSR&E, but most practitioners would agree 
that FSR&E can be distinguished from traditional agricultural 
research and development by the following characteristics: 

(1) 	 1 systems framework of analysis rather than a commodity­
based approach; 

(2) 	 the explicit incorporation of social science perspectives 
and. methodologies, and attention to both biophysical and 
socio-economic constraints to production; 

(3) 	 an attempt to obtain participation by farmers in the 
research and development processes, especially through on­
farm trials; and 

(4) 	 the utilization of the small farm as the unit of analysis. 

In nearly 20 years, it has evolved in a number of different 
directions, in the hands of both the international agricultural 
research centres (IARCs) of the Consultative Group on Interna­
tional Agricultural Research (CGIAR), and of national research 
institutes and universities. Matching this variety of approaches 
has been a mixed record of success and failure, in terms of pro­
viding significant bene-fits to farmers on resource -poor lands. 

Technology push and farmers' needs pull 

In general the outcomes have depended on who has conducted 
FSR&E and for what purpose, both explicit and implicit. There 
have been many classifications of FSR&E but one which empha­
sizes goals and approach is the distinction between "Technology 
push" and "Farmers' need!. pull" FSR&E. 2 

The former arises from the desire of technology innova­
tors to see how well their innovations are adopted by farmers 
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in the field. It is the most immediate and obvious response 
to the "gap" between performance in farmers' fields and cn 

international or nationa! research stat:ins. The focus is "on­

farm research" (OFR) in which new technologies such as alley­

cropping, or disease-resistant varieties, are tried out in farmers' 

fields in the hope of better appreciating the environmental and 

socio-economic constraints to adoption. Trials are placed on 

plots in farmers' fields and under regimes that range from 

researcher-managed to farmer-managed. The potential for learn­

ing from this experience is considerable, but all too frequently 

the desire of the technology innovators to see success pro­

gressively reduces genuine farmer-participation (in some cases 

farmers are simply left with the mundane task of weeding the 

plots; in others, when farmers "fail," the researchkrs take over). 

The environmental constraints are often illuminated, but the 

socio-economic constraints continue to he ignored. 
The "Farmers' needs pull" form of FSR&E is, at least on 

paper, radically diffcrent. Here the sta-ting point is not new 

technology but the analysis of existing farming systems, in 

situ, to determine needs, problems and constraints to which 

subsequent technological innovation is directed. The Centro 

Internacional de Mejoramiento de Maiz y Trigo (CIMMYT) 
projicci in East and Southern Africa, although having a strong 
"maize-systems" orientation, has tried to follow this approach. 3 

Its procedure, which is termed "on-farm research with a 

farming systems perspective" (OFR/FSP) consists of the 
following steps: 

(1) diagnostic survey; 
(2) the identification of farmers' needs; 

(3) the search for appropriate technology; 
(4) testing via on-farm trials; and 
(5) recommendation for adoption. 

The steps are foliowed sequentially but the approach is intended 

to be iterative, a recurrent analysis of the farmer's system per­

mitting continuous learning and adaptation (this emphasis often 

results in the alternative name of "adaptive on-farm research"). 
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Another major "farmers' needs pull" programme has been 
developed under the rubric of agroecosystem analysis (AEA) 
rather than FSR&E, and initially focused on Southeast Asia 
(see Appendix). 4 

It is not easy to summarize the lessons from this range 
of FSR&E experience. In the donor community as a whole 
there is some degree of disillusionment with FSR&E, partly 
due to quite unrealistic expectations of rapid pay-offs. As a 
recent survey by the CIMMYT project reveals, it is difficult to 
point to clear cases of farmer adoption of technologies developed 
under the FSR&E rubric. But this, of course, is not surprising 
given the relatively short time that FSR&E programmes have 
been in operation, and the quite radical reorientation of people 
and institutions that successful FSR&E entails. It is easier 
to identify cases where technologies have been modified and 
research priorities changed in response to a better understanding 
of constraints. 

Perhaps the most conspicuous result has been quite dramatic 
changes in the perceptions of farming systems and farmers' 
needs among agricultural researchers in a number of universities 
and national research institutes. This has been most pronounced 
where demand for FSR&E has grown out of a frustration 
with conventional rescarch approaches and a genuine desire to 
understand the complexities of small farmers and their needs. In 
general, the response to this demand has been most successful in 
the absence of direct involvement by the IARCs. Where IARCs 
have been productively involved, as in the notable case of 
CIMMYT in Africa, they have not stuck to their mandate, and have 
been open to a farmers' needs approach. In the CIMMYT prog­
ramme the leadership has significantly been from socio-economics 
rather than agronomy and the maize-wheat mandate has not been 
dominant. The International Center for Agricultural Research 
in Dry Areas (ICARDA) has had a moderately successful impact 
for similar reasons - it has also had the advantage of including 
a livestock element in its mandate which helps to ensure that 
FSR&E does not remain narrowly focused on cropping systems. 
In general the broader the mandate of the IARC the more 
capable it is of responding to a "farmers' needs" approach. 
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Narrow, single crop mandates tend to generate a "technology 
push" form of FSR&E. 

Livelihoods 

Even where FSR&E is successful in terms of meeting farmers' 

needs, it still remains only a partial approach to the prob­

lem of attaining sustainable agriculture. This is primarily for 

two reasons. First, with surprisingly few exceptions, developing 

country farmers, particularly in resource-poor environments, 

do not rely exclusively on farming. Their aim is to secure 

a livelihood for themselves and their families and to achieve 

this they usually pursue a range of productive activities, only 

some of which involve crop or animal husbandry. Second, with 

even fewer exceptions, farms do not exist in social isolation but 

are integral components of communities, whose institutions, 

customs and systems of rights and obligations determine much 

of what farmers can and cannot do. 
A livelihood is usually defined as the means of securing 

a living, but this brief definition obscures a concept which 

is complex in both theory and practice. 5 Encompassed in a 

livelihood is the totality of resources, activities and products 

which go to securing a living. It relies on ownership of, or access 

to, resources, and on access to products or income-generating 

activities. A livelihood is measurable in terms of both the stocks 

- that is the reserves and assets - and the flows of food and cash. 

-he ways in which a rural livelihood may be obtained are 

almost innumerable. It may depend on land on which crops 

or livestock are husbanded; or on natural resources - timber, 

fuelwood, wild plants, fish and other wild animals - which may 

be harvested; or on opportunities for off-farm employment; or 

on skills employed on the farm in manufacture of handicrafts; 

or, most commonly, on some combination of these. In practice, 
rural families decide on livelihood goals and then determine the 

optimal mix of activities, depending on their environmental 
and social circumstances and the skills and resources at their 

disposal. 
Few comparative studies of livelihoods have been carried 
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out, but a particularly illuminating livelihood analysis has been 
conducted for four Amerindian groups in Central Brazil who 
practise a combination of gardening, hunting and fishing." Table 
5.1 shos the yields per person hour for these different produc­
tive enterprises, together with the time spent on each, which is 
a measure of how the people value these produ "tivities. 

In the case of fishing the relationship hetwccn yield and effort 
is fairly straightforward; the higher the productivity the greater 
the time spent fishing. For gardening and hunting though the 
relationship is more complex. 'he gardens of the Mckranoti, 
for example, produce far more calories than they could possibly" 
eat; the excess is stored as insurance a.,gainst bad years, ot kept 
to Iced visitors from outside, and this appears to be why they 
spend les;s time gardening than the others. Huting is also more 
productive for the Mekranoti, Fut here they devote more time to 
hunting than the other groups. In consequence they eat a large 
amount of animal protein, possibly because they have the time 
to do so and appreciate the quality of a high-protein diet. 

The Kancla have a high population Iensity and live in a 
much poorer habitat. Hunting and fishing are very unproductive 
and they spend a relatively large amount of time gardening, 
conLentrating on pro!cin-pout manioc to pro%'idc the calories 
they require. They also spend more time than Ihc other groups 
in producing handicrafts for sale or working for wages, in 
order to make Lip the protein short fall and to satisfy other 
requircments. The Xavante lit. between these two extremes. 

The Bororo also live in a pooi Cll\ironllltl fOr gardening, 
but fish prOdUCtion is high. They sell somc fish for high-calorie 
foods, but the market is fai away,, and they get a low price. 
Fishing is also very hard work and they suffer from a high 
rate of illness and invalidism. lIey also have the lowest ratio of 
dependent children which possibly gives them a lower inceutivc 
to increase production. 

Sueh an1analysis may seem of purely academic interest, but 
it clearly reveals some of the practical constraints to develop­
ment. The sustainability of these livelihoods depends on their 
diversity, and potential innovations - such as new crops to 
improve the vegetable protein intake of the Kanela, or the 
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calorie intake of the Bororo - must not conflict, in terms of 

labour demand, with the existing patterns ol profitable activ­

itv. It can be argued that livelihood analysis is an essential 

prerequisitc for sustainable development interventions, vet to 

Table 5.1: Productivities of four Brazilian Amerindian 

livelihoods 

Mekranoti Xazvante Bororo Kancla 

(;ardelng 
Ave yield/ 10 kcal per 

person hour 
1Irs gardening per day per 

17.6 

1.21 

7.1 

2.09 

1 

1.44 

5.1 

2.50 

ttuntt 

Yield kg dressed meat 0.69 0.40 0.20 0.11 

pC person hour 
IIs hunting per day per 0.87 0.47 0.09 0.55 

adult 

l~ishtng 
7t eld ,kg dressed fish) 0.20 0.40 0.68 0.05 

per person hour 
Iirs fishing per day per 0.21 0.44 0.50 0.13 

adut 

Prodution ,andconsumption 

Produe, I& kcal per pcrsoP. 21.3 14.8 2.20 2.80 

per day 

Vegct:ible p:otcin, g per 89 138 24 53 

pL rSon per day 
.nimal protein ,g captured 63 37 44 7 

per rerson per dit\ 
18Anima protein (g Icon- 72 28 81 

sumed per person per day 

Source: I). Werner, N.M. Flowers, M.L. Ritter and D.R. Grass, "Subsistence 

productivity and hunting effort in native South America", Human Fcolooy, 

v(l. 7, 1979, pp 301-15. 
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date few such livelihood analyses have been carried out for rural 
households. 

Off-farm income 

Another important outcome of livelihood analysis is an apprecia­
tion of the role of off-farm income in resource-poor lands. This 
is well illustrated by the case of two villages in upland Java, 
both situated on limestone soils which have suffered from severe 
erosion. 7 Table 5.2(a) shows the agricultural production in each 
village. 

Merden is the poorest village. It h" smaller landholdings, 
steeper slopes and greater erosion. The terraces are poor, only 
one crop a year is grown, and there are goats but no cattle. By
contrast the people of Bunder have larger landholdings and access 
to a nearby state forest. Their terraces are good, they grow two 
crops a year, and own cattle which are fed on elephant grass 
grown along the terraces and fodder trees introduced by a 

Table 5.2(a): Productivity of two upland villages in Central Java 

Crop production(kg/ha/year) Productionvalue 
Maize Cassava Rice Peanuts kcal/ha/yr Rp/ha/yr 

Bunder 
(000) (000) 

<0.5ha 
>0.Sha 

485 
270 

1,770 
1,025 

440 
415 

1,020 
655 

5,240 
3,565 

332 
233 

Mean 348 1,295 425 790 4,177 269 

Merden 
<0.5ha 795 3,790 - - 7,000 97 
>0.5ha 450 1,740 - _ 2,515 49 
Mean 700 3,200 - - 6,010 83 

Source: P'. van de Pod and H. Van Dijk, "Household economy and tree growing
in upland central Java", Agrojorestry ystems, vol. 5, 1987, pp. 181-4. 
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government regreening programme. Manure is applied to the 

crops. 
Yet in neither village is food production sufficient for subsist­

ence. Average family size in both villages is about five adults 
with a minimum food requirement of about 3.6 million kcals 

per year. In Bunder the average production per household is 

2.5 million kcals per year and in Merden it is 2.2 million kcals 

per year. Both villages survive because of off-farm income: govern­

ment jobs, carpentry, trade and the F lling of charcoal and wood 

in Bunder; and wage labour, mining, carpentry, trade and palm­
sugar production in Merden. The sources of cash income are given 

in Table 5.2(b). 
As in the previous example, agricultural innovation has to 

take into account the returns to agr;-ulture relative to those from 

other forms of productive activity, in this case off-farm labour. 

Moreover this comparison has to be made in terms of both the 
long-term and short-term trade-offs - the relative productivities 

have to be assessed for sustainability as well. 
In the case of these Javanese villages most of the outside income 

is earned locally, but frequently very large sums of money are 

Table 5.2(b): Estimated cash income and relative importance 
(%) of three sources of revenue in generating cash income 
(livestock sales not included) for two upland villages in Java 

Merden Bunder 
<0.5ha >0.5ha <0.5ha >0.5ha 

Total income per house- 221 250 769 481 

hold (Rp 1,000) 
Income per capita 

(Rp 1,000) 49 41 175 82 

Off-farm activities 95% 90% 93% 70% 

Crops 2% 4% 4% 16% 

Wood/fruits 3% 6% 3% 14% 

Source: P. Van de Poel and H. Van Dijk, "Household economy and tree-growing 
in upland Central Java", Agroforestv.Systems, vol. 5 (1987), pp.169-84. 
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are sent back to rural communities by individuals who have tem­
porarily or permanently migrated to the major urban centres or 
even overseas. In recent years, rural livelihoods in Mexico have 
significantly benefited through such remittances from the United 
States and, similarly, in southern African nations though remit­
tances from South Africa, and in many Asian countries from Saudi 
Arabia and the Gulf States. Even quite remote villages in the 
mountains of Pakistan or small islands in the Philippines are tied in 
this way to the economies of the oil-rich Arab states. The total 
amounts involved in world-wide remittances are not known; they 
probably exceed official development assistance. More important, 
very little is yet known about how such remittance moneys are 
used. To what extent are they spent on food, on consumer goods, on 
education, or on investment in land and long-term agricultural 
production? 

Security 

There does seem to be growing empirical evidence, however, 
that farmers are likely to invest such moneys and, indeed, any 
other savings, in activities that have a significant long-term 
pay-off. Much depends on the circumstances. For the very poor 
, sheer survival is the priority, and however much they may wish 
to, people find it difficult to take the long-term view. For the 
poor, though, once basic survival is assured, and given safe and 
secure conditions, there appears to be a strong propensity to 
stint and save when the opportunity presents.8 Security, in one 
form or another, seems to be the key to encouraging investment 
of labour and funds in resource conservation and enhancement. 

An example of such investment occurs in Kakamega and 
other districts in the Western Provinces of Kenya. There, rapid 
population growth has produced densities of the order of 700 
persons per km 2, yet contrary to the conventional wisdom that 
such environments should be suffering from acute deforestation, 
the hillsides are covered with trees, although they are planted 
rather than natural. On some farms, as illustrated in Figure 5.1, 
the trees are essentially a kind of subsistence crop, being sold to 
obtain basic food during the lean months of the year; on other 
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Figure 5.1: A modern half-acre farm, Kakamega, Western Kenya 
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farms they are savings for the inevitable bad year or the expense 
of a wedding or funeral; on yet others they are grown for cash 
and, in particular, for the regular payment of school fees. In 
the latter situation the sustainable investment is in the long-term 
future of the children. The clue to this remarkable pattern of 
investment appears to be that the farmers have secure ownership 
of their land, however small it may be. Thc example is not an 
isolated one: similar patterns of tree planting under conditions 
of security have been reported from India and Haiti. 9 

Governance 

The equation of land security and investment for sustainability 
is probably too simplistic, however. Most rural communities are 
characterized by quite complex systems of rights and obligations 
to land and other property, and to resources in general. The 
outcomes in terms of long-term resource conservation may not 
be readily predicted if only one aspect is considered. Thus 
ownership of land may not be sufficient to encourage tree 
planting or terracing if other rights are not also secured or other 
conditions arenot satisfied. 

For example, evidence from Java suggests that economic 
status and security of tenure of upland farmers are important 
determinants for adoption of conservation packages on shallow, 
poor, erosion-prone soils. On the other hand, on deeper, more 
fertile soils which are to erosion haveequally subject and yet 
":ttle short-term loss of productivity as a result, even better-off 
farmers with security are less likely to practise soil conservation 
as they cannot perceive a tangible gain. They apparently do 
not appreciate the long-term degrading effect of erosion and 
indeed they are not the principal sufferers: these are the farmers 
downstream whose irrigation systems become silted. Upstream 
farmers have no traditional obligations to those downstream. 

Evidence from northern Thailand also indicates that these 
links between land insecurity and environmental degradation 

.are complex. Results of a study for Nakhon Ratchasima, Lop 
Buri and Khon Kaen suggest that land security is important 
for land investment, but this is mainly due to the ability of 
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secure owners to obtain institutional credit. Another survey of 
villages in northern Thailand seems to contradict the claims that 
land ownership is a necessary pre-condition for sound resource 
management. In the villages surveyed, lack of labour and money 
appear to be the two greatest impediments to ,oil conservation, 
whereas insecure land tenure appears to be 'iardly significant. 
This is explained by the continued availability of new lands, the 
security of some farmers' tenure, and the quasi-legal recognition 
ef rights of shifting cultivators to clear and till land. 1) 

The common property problem 

Similarly it is often believed that the common ownership of 
resources, such as land, is the major cause of resource degra­
dation in agriculture. That is, each user of the commonly-owned 
resource may maximize his or her "share" at the expense of the 
externality impacts of any res,.lting degradation on others, or on 
his or her future use. I Rangeland management in tropical semi­
arid areas is often assumed to suffer from the "common-property 
problem". Under communal land ownership each individual can 
maximize his or her "share" of pasture by increasing his or her 
own livestock. This is presumed to lead in aggregate to collective 
overstocking, producing degradation of the pasture, something 
which, conversely, the individual cannot avoid by unilaterally 
limiting his or her herd. Many traditional pastoral livestock 
systems, however, have evolved highly organized controls on 
the use of common-property land, with sanctions by the commu­
nity against individual over-explcitation. Where such traditional 
controls exist, resource sustainability is not a problem. 

Nevertheless, many rapid changes in pastoral areas may be 
transforming common-property resources into "open-access" 
resources, where traditional communal management institutions 
no longer apply. These include: 

* the introduction of technological changes, such as trucks 
to transport people and animals; and government interven­
tions, such as declaring grazing land to be public property 

" increasing competition between different ethnic groups, 
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some perhaps dislodged from their traditional grazing 
areas 

* 	 growing stratification of income and wealth, alongside ero­
sion of social cohesiveness and reciprocal caring arrange­
ments which, in particular, cause conflicts among large and 
small livestock owners 

" 	 rapid population growth and the aibrogation of traditional lands 
which, in particular, confines traditional migratory patterns 
during dry seasons and thus increases grazing pressure. 12 

Rights and the resource base 

The general conclusion from these examples is that without 
careful empirical study of actual relationships at the grassroots 
level, the tendency may be to misinterpret the impacts which 
in,;titutional arrangements for land ownership, rights of access 
and tenancy have on environmental degradation. The analysis 
is further complicated by the fact that few Third World rural 
households are bound by one set of institutional property rights 
arrangements; many own a little land, rent in a little more, 
do some farm labour for other, bigger owners and even have 
some rights over certain commonlif-owned resources. More­
over, securitv of access to land affcts poverty and resources 
differently in favoured and marginal agricultural regions. Under 
irrigated, improved or modern farming conditions leading to 
high net returns per hectare, access to even a little bit of land, 
despite being associated with larger household size, reduces the 
probability of poverty in an average year. On very resource­
poor lands, however, farmers with small and even middle-size 
holdings tend to be only marginally better off than landless 
labourers. 

For example, data from western India's seni-arid lands indi­
cate that the incidence of poverty hardly changes as owned 
landholding rises from about 0.5 acres to 7.5 acres. One expla­
nation may be that such marginal lands, under the present state 
of knowledge, do not yield enough to pay for capital invest­
ments and are thus worked with much labour and draught­
animal power relative to capital. Thus the small farmer is 
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little better-off than the landless labourer, because the latter 

is less readily displaced by capital; and until recently with the 

increasing loss of common grazing rights, both groups may 

be less worse-off than the middle farmer, because livestock 

is more equally distributed than land. In general, institutional 

property-right arrangements may be less determined by notions 

of "optimum size" of landholding than by relations among 

groups of producers and by farmers seeking to adjust land 

to other resource endowments. This explains, for example, 
why imperfections in the market for oxen hire are frequently 

associated with shifts of land from owners with few oxen to 

operators with many. 13 

Households 

The final important point about livelihoods is that they rarely 

relate to an individual. Most rural livelihoods are those of 

family households, comprising men and women, and further 
distinguishable as adults, children and the elderly. In some cases 

it i; appropriate to consider the collective livelihood of extended 

families, in which case the household includes aunts, uncles, 

Cisins and people of even more distant kin relationship. 

Each household not only determines the optimal mix of on­

farm and off-farm activities which goes to make up its livelihood 

but also allocates these tasks among its members. In recent 

years the interest among developmcnt workers in gender issues 

has provided a growing knowledge of how these decisions are 

made, their :onsequences and their implications for sustainable 

development. 14 

The complexity of both inter- and intra-household decision­

making is well illustrated by studies of the Tswana people in 

Botswana." IlIke many other rural communities in southern 

Africa their livelihoods are a combination of crop production, 

stock ra-sing and off-farm employment, including wage hbour. 

Yields of sorghum and maize are extremely low (250 kilo­

grammes per hectare (kg/ha) and few families have the 8 ha or 

that would be necessary for a iub:istence diet. Because of more 
good marketing and high prices, cattle raising for beef is a better 
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income earner, but cattle holding is very skewed. In particular, 
a significant proportion of the population does not have cattle 
for ploughing, or has unreliable access to cattle, and hence 
the timeliness of ploughing on which good harvests depend is 
jeopardized. Remittances, particularly from South Africa, are 
crucial and, indeed, the poorer 50% of households rely on such 
remittances as their primary source of income. 

Such a livelihood system creates many problems. First, if men 
are away from home, who looks after the cattle? This is solved 
by the men taking turns at being away, a process which may 
span several generations. For example: 

In generation A, a young man goes as a migrant labourer to South 
Africa. ie remits moneys to his parents and sister 't home, where they 
grow food crops and maintain a small herd of cattle. After the parents 
die, the sister, who remains unmarried but has children, maintains the 
fields, and her growing sons herd the cattle. In generation B, the now 
elderly, former migrant labourer keeps the cattle belonging to his dead 
sister's sons, who now work as migrant labourers. The labour of the 
late sister on the fields and her sons in herding has helped build the herd 
which, on the death ofnow-old man, will be divided among his children 
and his sister's children."' 

Another problem is that ofgetting access to draft animals. This is 
solved by exchanges of human labour, for the most part female 
labour, and this is one of the areas in which women play a crucial 
role as negotiators and managers. The studies have also shown that 
the stereotypes of sexual divisions of labour are too simplistic. For 
example, women do plough, and they play a more direct role in 
cattle-keeping than has been supposed. Surveys have also shown 
that in a great many areas husbands and wives make joint decisions, 
and indeed, because of their managerial role, women can be 
regarded as the "lynch pin" in the diversified activities of the 
Tswana household. These and other similar studies clearly show 
that development interventions in terms of, say, new crop varieties 
and breeds ofcattle, are only likely to be acceptable and sustainable 
if they take "ntoaccount the effects they may have on these complex 
inter- and intra-household relationships. 
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Participation 

The complexity of farms, households and livelihoods is a daunting 
prospect for the designers and maragers of development projects. 
It would seem impossible to obtain, in a reasonable period of time, 
sufficient understanding of the dynamics and trade-offs involved 
in any particular situation so as to identify the real opportunities 
for sustainable development. However, there are solutions to 
the problem. Part of the answer lies in ths, use of relatively 
quick, multidisciplinary techniques of analysis and appraisal, 
some of which are described in the Appendix. But perhaps 
the most compelling solution lies in involving farmers and their 
families themselves in the design, selection and management of 
innovations intended to improve their lives.16 The logic is fairly 
clear; they, after all, live with the complexity'of their physical and 
social environment and with the need to make difficult trade-off 
decisions on a day-to-day basis. Moreover there is good evidence, 
from many parts of the world, that the understanding by farmers 
of their own situations is deeper and more insightful than has been 
commonly supposed. 

First, there is abundant evidence of the capacity of farmers to 
respond positively to innovations and new opportunities if they 
can see the benefits in both the short term and the long term. A 
case in point is the response of farmers to new rice varieties in 
India. Much effort by breeders at the national breeding centres 
in India and at the International Rice Research Institute (IRRI) 
has gone into breeding new high-yielding varieties, but when 
released many have not been adopted by farmers, for one reason 
or another. 17 Y. there have been strains, rejected during trials 
by the breeders, which have won ready acceptance from the 
farmers. The variety Mahsuri, for instance, was rejected by 
breeders in the All-India Coordinated Tests because it tended to 
lodge, but farmers who saw it growing liked its positive qualities 
- its semi-tall habit, high tillering, heavy panicle, ease of milling 
and grain quality - and obtained seed for their own farms. 
Today it is the third most popular variety in India. Another 
variety from IRRI, designated IR24, was rejected by breeders 
because it flowered poorly tinder low temperatures when it was 

http:lives.16
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late planted. But one farmer obtained a sample, grew it on his 
own farm and saved the seed from those few plants which 
did flower well. He called this new variety "Indrasan" which 
became widely grown in the states of Uitar Pradesh and Haryana 
and proved to be resistant to a major attack of white-backed 
planthopper which occurred in 1985. 

Second, farmers are experimenters and innovators in their 
own right, and literature has many examples of quite sophisti­
cated experimentation among farmers. Paul Richards describes 
the varietal trials that the Mende people of central Sierra Leone 
carry out as a matter of course. 18 They acquire new rice material 
by begging or buying from friends and visitors and sometimes 
in the course of their travels to other parts of the country. Such 
material is first tried out near the farm hut; it is harvested 
with a knife, panicle by panicle so that the best grains can 
be retained. Full-scale trials are then undertaken in the "seep 
zone". This is the marginal land between the uplands and the 
swamps below. Depending on the behaviour of the new material 
the farmer does further trials up or down the escarpment. In 
each case he makes accurate input-output measurements, using 
for example the same sized calabash to record the amount sown 
and harvested. Paul Richards also reports farmers in Nigeria, 
worried by reduced fallows and declining fertility, experiment­
ing with new intercropping systems, for example water yams 
and white yams. For these farmers experimentation is seen 
as an end in itself, which might or might not have practical 
consequences. 

What is often forgotten by development experts is that much 
of the agricultural innovation in the West, particularly during 
the so-called agricultural revolution of the eighteenth century, 
came from the farmers themselves. The Norfolk four course 
rotation, Jethro Tull's seed drill and the plaster and clover 
system of Pennsylvania were all the products of experimenting 
farmers. There is no reason to suppose that such a capacity 
is not present among the peasantry of the developing coun­
tries today. 

Until recently farmer participation in development projects 
has been largely confined to on-farm trials. Far too often these 
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have simply been reflections of a technology push FSR&E 
approach (as previously described), in which farmers are little 

more than experimental field assistants labouring on experi­
ments on their own land. Nevertheless, there have been a 
number of conscious attempts to increase the true level of 

participation. 

Farmer participation in research 

In India, when it was realized that breeders' and farmers' objec­
tives were often at variance, farmers were enlisted in conducting 
and assessing the trials. Advanced on-station rice lines were 
matched as closely as possible with the traditional varieties the 
farmers were growing' 7. Participating farmers were then encour­
aged to grow the traditional and the experimental lines alongside 
each other in split plots on their farms. As the rice matured the 
farmers visited all the plots, in a group, and gave their opinions 
on the relative performances of the varieties. They also later 

assessed the harvesting, threshing, milling and cooking qualities 
of the grains. In virtually all cases the improved lines outyielded 
the traditional varieties and were pronounced superior in several 
respects. The enthusiasm of the farmers for this approach was 
such that they asked for it to be extended to lowland rice and 
to the winter crops of wheat and barley. From the research­
ers' point of view, apart from the satisfaction of producing 
material that was clearly acceptable, this process short-circuited 
a normally lengthy and costly sequence of screening procedures 
which has become the norm for breeding programmes. 

Further examples are the experiments in farmer participation 
conducted by the Centro Internacional de Agricultura Tropical 
(CIAT). 19 These, like the Indian project, were begun because 
scientists began to realize that the varieties developed according 
to research station criteria are often not automatically accepted 
by farmers, and sometimes farmers adopt what researchers con­
sider as inferior varieties. 

In the programme, CIAT anthropologists and agronomists 
attempted to involve farmers as integral components in the 
whole chain of events from diagnosis, problem-definition and 



132 After the GreenRevolution 

design of experiments to exploration of potential improvements. 
They began by asking farmers to rank a wide range of bush bean 
grains, and compared these with the ranking of the breeders. 
There were significant differences both between the breeders 
and the farmers, and between men and women, the latter 
choosing, for example, smaller grains which were better fla­
voured, while the men - with an eye on marketing - showed 
a preference for the larger grain types. Expert farmers were then 
selected by the community to conduct the trials on their farms 
and were involved in the choice of what to evaluate. They also 
carried out the evaluiations and expressed their final rankings of 
the varieties on the basis of the trial. Table 5.3 indicates the 
relative rankings after the trials of three bean varieties and the 
reasons the farmers gave for the rankings. 

CIAT has also successfully established "innovators' work­
shops" - groups of farmers who are able to design and evaluate 
experiments. In one case, involving snap beans, they suggested 
a trial to address the problem of lack of stakes for climbing 
snap beans. Their solution was a rotation with tomatoes which 
utilized the residual tomato fertilization and standing tomato 
stakes to support the beans. The trial was carried out and 
the same group of farmers reconvened in the field for its 
evaluation. They established a set of criteria, including yield, 
disease condition and various quality characteristics of the bean, 
and on these criteria agreed on two varieties which were out­
standing. 

Sukhomajri 

Livelihood and household analysis, participatory research, secur­
ing rights, and governance, are all ingredients of sustainable 
livelihood development. As yet, though, there are few examples 
of successful projects where all or most of these are present.
In conclusion to this chapter we present two such projects, 
drawn from a conference held in London in 1987 that 
was expressly aimed at examining successful case studies of 
sustainable development. 20 

The first of these is the relatively well-known Sukhomajri 



Table 5.3 Examples of farmers' reasons for selecting or rejecting bush 
evaluations of on-farm trials 

Varie v 
Breeders' ranking 
Farmers'final 
ranking 
Reasons 
for 
choosing 

Negative 
aspects 

Example I 

BAT-1297 
10th place (least acceptable) 
2nd place 

- "although its grain is small and priceis 
lower, it is still profitable" 

- "because it is high yielding" 
- "becauseflavour is good" 
- "because it is resistant to disease and pests" 
- because it withstands drought" 
- "it germinates better than other varieties" 
- "it is good for consumption purposes because 

it swells to a good size when cooked, it
 
yields in the cooking pot"


- "the grain is very small" 

- "it is a later variety than the local one, Calima" 


Example 2 

A-486 
2nd place 
6th place 

- "the size and colour of 
the grain is very aice 
when freshly harvested" 

- "it yields well and is 
delicious to eat" 

- "'itis early" 

- "it is very quickly 
infested by storage 
pests" 

- "a short time after 
harvest the dried grain
changes colour and is 
difficult to market" 

bean varieties, obtained from farmer 

Example 3 

ANTIOQUIA BL-40 
5th place 

8th place (least acceptable) 

- "because it yieldswell" 

- "the grain is very variable in colour which 
makes marketing difficult" 
- "it is a very bushy or sprawling plant and in 

the rainy season is much affected by disease, 
also type of plant makes weeding difficult" 
- "it has a lot of small pods or immature pods 

at harvest time" 
- "it yields well, but a lot of the beans are no

good, some are rotten, others are still green" 
- "it is very late" (compared to the local 

variety" 
- "it requires more care, (fumigation) because 

the plart is large and bushy" 

Source: Jacqueline A. Ashby, Carlos A. Quiros and Yolanda M. Rivera, "Farmer participation in on-farm trials", AgriculturalAdminis­
tration (Research and Extension) Network, Discussion Paper 22, (London: Overseas Development Institute, 1987). 

'-' 
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project in India. 21 Sukhomajri lies in the Shivalik hills, not far 
from the city of Chandigarh in north-western India. The hills, 
once heavily wooded, have suffered from increasing human and 
livestock populations, leading to overgrazing and severe erosion. 
Near Sukhomajri barely 5% of the uplands had vegetation cover 
in the 1970s, and erosion rates of 150-200 tonnes/ha were not 
uncommon. In 1958 a dam had been constructed, creating a 
lake to serve the city of Chandigarh, but by 1974 over 60% of 
the lake was filled with sediment. 

To protect the lake, th authorities first tried to persuade 
the gujiar herdsmen of the village to stop using the hills for 
their cattle and goats, but with little result. The breakthrough 
came when it was decided to build a small earthen dam in 
the hills to provide water ft the village itself and then to 
stabilize the catchment of this dam with contour trenches, 
check dams and the planting of vegetation. The stored water was 
used to irrigate nearby fields and farmers were provided with 
subsidized seed and fertilizer. Yields were greatly increased, 
but the farmers who did not benefit continued to use the 
hills for grazing. It was rhen that the villagers collectively 
proposed that more small dams should be created so as to 
extend the irrigation sstelm. they also suggested the creation 
of a water-users' society, based or' the principle of equity, to 
manage the water. The ,.ocietv wa; duly established; each famil. 
had a representative as i. mc'nber of the society with an equal 
right to the vater. A "coupon" svstem was introduced and 
families with little or nt, land could thus sell their water rights 
or use the water to share-crop on land belonging to others who 
were short of water. Any member whose livestock was fbund 
grazing in the hiPs lost his or her rights to the water. The 
society was given responsibility for maintaining the dams ano 
their catchments, for distributing the water, and for maintaining 
records. 

From then on thL village began to develop rapidly. The 
villagers sold off their goats and replaced them with high­
yielding buffaloes to provide milk for the growing towns nearby. 
The buffaloes are stall fed, using the rapidly growing fodder 
grasses in the hills. The forest department decided to give the 
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grass-cutting rights to the village rather than, as previously, to 

a private contractor. They also granted the village the right 

to grow bhabbar grass in the catchment and machines were 

introduced to turn the grass into rope:;, for which there is a 

large demand. This, particularly, provided a source of income 

for the poorer, landless members of the community. Over the 

past decade the livelihoods of the villagers have continued to 

grow in diversity and in value, while the hills above are now 

beginning to be well covered in vegetation and the rates of 

erosion have dramatically fallen. 

Guinope 

The second example concerns the Guinope area of Honduras. 22 

Like Sukhomajri it was afflicted by severe erosion, com­

pounded by continuous monocropping of maize. The yields 

were extremely lov (around 400 kg'ha). Many farmers were 

having to make long journeys, even going by bus, to find 

arable land. There was considerable migration to the slums of 

the nearby towns, among those who stayed, malnutrition was 

increasing. 
The Guinope project was a collaborative effort between the 

Ministry of Natural Resources, a private voluntary organization 

,PVO) in Ilooduras - the Association for the Co-ordination of 

Development Resources tACORDE) - and an American-based 

PVO, World Neighbour', which had pioneered a low cost, par­

ticipatory approach to devclopment in neighbouring Guatemala. 

The project began by identif'ing the key limiting factor - poor 

soil quality - and then trying out a small number of appropriate 

technologies which promised immediate and significant returns. 

These turned out to be simple on-farm conservation practices, 

such as contour or drainage ditches, contour rock walls or 

grass barriers and in-row tillage - most of which had been 

proven from previous experience in Guatemala - and the use 

of chicken manure to increase maize yields. These were all tried 

by the farmers as experiments on their own land. They were 

encouraged to keep simple accounts and to share results with 

each other. 
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These first steps immediately brought benefits - in some 
cases yield increases of three or four fold - and helped enlist 
villagers in further experiments in improvement. For instance, 
the 	 farmers began to experiment with green manures, which 
had 	not been tried in the Guatemalan project, and developed 
new technologies based on velvet bean and lablab bean. As 
maize yields increased and subsistence was assured, the farmers 
began to turn to vegetable growing. This entailed further experi­
mentation, the building of a vegetable store and ventures into 
marketing which initially suffered from considerable set-backs 
but 	eventually proved successful. The project is entirely on a 
self-help basis, with no subsidies provided. By the time of the 
report some 300 km of erosion works had been constructed 
by 	 the farmers with their own labour. Over the six years the 
agricultural programme cost some US $254,000, for project 
staff, vehicles and office - about US $212 per family for each 
of the 1,200 families affected. 

Outmigration has largely ceased and the landless in the area are 
benefiting from an increase in the daily wage from US $2.00 to US 
$2.50 and US $3.00. Many landless have now begun to establish 
rights to lands which previously they had considered useless, but 
which under the new technologies are proving productive. Physical 
and biological sustainability appears to be assured by the emphasis 
on soil erosion work and the use of indigenous manures. Social and 
institutional sustainability is being encouraged by the formation of 
village-level agricultural clubs to co-ordinate and share the results 
of experiments, a village producers' association which runs the 
vegetable store, and the training and subsequent employment of 
villagers as extension agents. 

Ingredients of success 

The analysis of these and other success stories presented at 
the conference suggested that there were five key ingredients

23of success: 

(1) 	 The importance of pursuing an iterative learning appro, ch. 
The Sukhomajri project began as a conventional soil con­
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servation project but was transformed over time through 
intensive interaction between the project staff and the vil­
lagers into a genuine community project. In Guinope the 
learning process was built in from the start. 

(2) 	A conscious decision to put "people's priorities first". Ben­
efits were clearly apparent and accessible to all, however 
poor they were to start with. Far too often, soil conservation 
projects, in particular, have ostensibly been carried out 
for the benefit of communities, but have rarely satisfied 
immediate needs and hence have foundered. 

(3) 	Security of rights and gains for the poor. As the Sukhomajri 
project demonstrates these do not have to be based on 
individual rights to land but can be communal, providing 
the allocation is equitable and appropriate both to the nature 
of the resources being conserved and the benefits that can 
be derived. 

(4) 	 The importance of self-help. In Sukhomajri, for example, 
half the cost of land levelling was born by the farmers and 
each family contributed an equal share of labour for laying 
pipes, desilting and so ci. In Guinope self-help was the 
corner-stone of the project. The aim was to arrive at a 
situation in which the villagers only worked because they 
could see a successful outcome by their own standards. The 
importance of self-help in the context of sustainability is that 
it enhances people's capacity to innovate and adapt and so 
provides them with skills and abilities for the future. In 
Guinope farmers were encouraged to undertake small-scale 
experiments, to keep simple records and to share them with 
each other. Out of the project came a loose-knit federation 
of village-level agricultural clubs, which shared their knowl­
edge and began to co-ordinate experiments. 

(5) 	The need for "good" project staff. Good staff are defined 
by their sensitivity to farmers' needs, their capacity for 
insight, and their competence. They also share a capacity 
for hard work, determination, self-sacrifice and dedication, 
together with a willingness to stay with projects for a long 
time and see them through. 
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6. Conclusions
 

In the preced;ng chapters we have concentrated on the critical 
issues which need to be addressed if a productive, sustainable 
and equitabie agriculture is to be achieved in the developing 
countries. As we have stressed throughout, progress depends 
on evaluating and resolving numerous tough trade-offs at all 
levels of intervention, from international trade down to the 
individual farm. We do not pretend to have all the answers 
and, indeed, this book should be seen more as providing a 
framework for raising issues and setting priorities for analysis 
and action than giving definite answers. Nevertheless, we have 
indicated a number of approaches which we feel will, together, 
make flor a programme that promises real progress. In this 
concluding chapter we summarize our suggestions, indicating 
what international conditions we need to be aware of, what 
national policies we need to advocate and what approaches at the 
local level we need to adopt, to ensure this goal of agricultural 
sustainability. 

The continuing importance of population 

It is perhaps an obvious point, but achieving a stable population 
is an essential precondition for a truly sustainable development. 
The real achievements of the green revolution have been to 
maintain and, in some parts of the world, increase the per 
capita production of food, but it is not at all clear that food 
production can continue to keep pace with population growth. 
Even if global production matches global demand, food security 
may continue to deteriorate because there are growing numbers 
of people without the land to produce their own food, or 
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the purchasing power to buy it. In India, for example, the 
proportion of the population below the poverty line persists 
at about 40%, i.e. over 300 miltion people, and although the 
population growth rate is falling (currently 2.1%), the number 
below the poverty line will exceed 500 million by the year 2025 
if present trends continue. 

In Africa all the indications are that per capita production will 
continue to decline. This is not primarily because of growing 
populations, but it is clear that in countries with particularly 
high growth rates the decline is likely to be especially severe. In 
Kenya, for instance, a population growth rate of 4. 1%threatens 
to destroy some very real gains in achieving productive and 
sustainable systems of agriculture. The tiny 0.2 ha farm in the 
western provinces of Kenya, depicted in Figure 5.1, is a model 

of farmer innovation, furnishing what appears to be a highly 
sustainable although barely sufficient livelihood for the family 
living there. But the family already consists of a middle- aged 
couple and three children, one daughter in turn having a child. 
Because the farm is already highly intensively cultivated, it 
is difficult to see how its productivity can be dramatically 
increased. The hope for the family is that the expenditure 
on education (paid for by the tree cropping) will result in 
sufficient off-farm income for the children as they grow older. 
But for this and thousands of other smallholdings in Kenya, 

the great ingenuity that has gone into creating productive and 
sustainable agroecosystems will be lost if population growth is 

not dramatically curtailed. 
To a large extent policies to reduce population growth lie 

firmly in the province of national responsibility. None the less, 

there is a crucial international dimension, in the provision of 
support for such policies, and in the provision of aid through 
multilateral and bilateral funding for the technical and institu­
tional needs of family planning and related health programmes. 

international economic relations 

Developing countries are increasingly being urged to partici­
pate in the global economy, particularly through the export 
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of agricultural commodities. Yet the current unstable interna­
tional economic climate - with major swings in the dollar, high 
real interest rates and general financial uncertainties - coupled 
with chronic indebtedness in many developing countries, is 
undermining the benefits of such participation. 

As small actors in the global economy, developing countries 
exert little influence on international economic conditions. The 
control of the major trading currencies, of world interest rates 
and of financial conditions in general, will continue to rest 
in the hands of the seven major industrialized nations - the 
United States, the United Kingdom, Japan, West Germany, 
France, Canada and Italy. And they, inevitably, will endeavour 
to create an international financial climate favourable to their 
own interests. The periodic economic summits of the "Group of 
Five" and the "Group of Seven", aimed at co-ordinating national 
economic strategies and a common approach to international 
economic management, arc evidence of how vital the major 
industrialized countries see the need to exert control over the 
global econcmy. 

So far they have seen the interests of the developing countries 
as of peripheral concern. It is true that, in recent years, there 
has been increasing attention to the threat to global financial 
stability posed by the Third World debt problem. The so-called 
"Brady Initiative", launched by the United States Treasury 
Secretary, has been one attempt to find common agreement 
on a solution to this problem among the "Group of Seven", the 
commercial banks, and the most heavily-indebted developing 
countries. Yet this and other initiatives have resulted less from 
concern over the economic and social damage inflicted on the 
developing countries by high levels of debt repayment, than 
from fears that the inability of certain key debtors to pay
back their loans may destabilize the global financial system. 
With a lessening of these fears, the political will to solve the 
debt crisis is evaporating, leaving some of the most hard-pressed 
developing countries with their problems unsolved. 

A similar attitude characterizes North-South economic co­
operation. In the 1970s the Brandt Report argued that the 
advanced economies of the North needed to treat develop­
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ing countries of the South as "equal partners" in global eco­
nomic relations and development, through a "new international 
economic order". But to a large extent this plea for greater 
co-operation has been ignored, essentially because there was 
little incentive for the advanced economies to create a "new" 
international economic order when the existing one seemed to 
be continuing to serve their interests well enough. 

Now there is a new international concern - the environment 
and global sustainability. The Brundtland Report argues that 
Northern and Southern countries have a "common cause" in the 
need for more sustainable global development. The industrial­
ized countries are being urged to provide more environmentally­
sensitive aid-flows to developing countries - including invest­
ments which reduce energy and material consumption - to 
unilaterally relieve debt burdens, to remove trade barriers to 
imports from developing countries, and so on. However, as 
critics were soon to point out, if the industrialized nations have 
little incentive to encourage greater co-operation with the Third 
World, what incentive do they have to make actual concessions in 
order to encourage more sustainable global development? 

Nevertheless, it is becoming apparent that public concern 
about the environment and global sustainability continues to 
grow in both the North and the South. The greenhouse effect, 
ozone-layer depletion, deforestation and land degradation are 
now major political issues in all countries. While the environ­
mental concerns of the 1960s and 1970s were largely local in 
their impact, these new concerns are daunting in the scale of 
their potential effect and in the corresponding magnitude of 
the policy responses required. The effects of global warming 
on agriculture, for instance, are likely to be widespread and, 
for some countries, catastrophic. Increasing global temperatures 
imply shifting climatic zones with, in many regions, much 
greater climatic variability. Certain countries will suffer more 
from droughts and floods. 

At greatest risk in the developing countries are: 

* 	 the lowland areas and island countries of the humid tropics 
in Asia, the Pacific and the Caribbean 
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* 	 the arid and semi-arid tropics of Africa and South Asia, aiJ 
the Mediterranean climate of West Asia and North Africa 

" 	 the rainfed uplands and highland regions, particularly with 
poor soil conditions. I 

Such is the present level of concern over global warming that 
there have been serious proposals for such measures as a "carbon 
tax" in industrialized countries to reduce the emissions of carbon 
dioxide. The evidence for ozone-layer depletion has already led to 
the Montreal Protocol, committing all signatories to reduce and 
eventually eliminate production of chlorofluorocarbons (CFCs). 
Serious global negotiations are also proceeding over international 
compensation, including debt reli.f. t. encourage tropical coun­
tries to reduce the rate of defotestation and to preserve areas 
of unique biological diversity. And virtually all bilateral and 
multilateral donor and lending agencies are reviewing their 
programmes and aid strategies in order to improve their ability 
to assist more sustainable management of natural resources. 

In all these situations the industrialized countries are becom­
ing aware that they cannot solve problems unihitcrally. Enis­
sions of carbon dioxide and CFs have to bc reduced globally. 
Even if per capita pollution is much higher in the industrialized 
countries, the developing countries are significant and growing 
polluters. Mutual agreements are essential. There is thus now 
a real possibility of North-South co-operation over global envi­
ronmlental issues. Ironically this may bc the catalyst for bridging 
the seemingly intractable divisions between industrialized anddeveloping countries over global econonic issues. 

Conlnodito Prices 
One such issue needing Urgent attention is the long-term decline 
in real prices of globally-traded commodities. Very little can 
be done to reverse those trends which have determined the 
weakness of demand for raw materials in industrialized coun­
tries. Substitutions in consumption, or changes in tastes, or the 
development of production processes which use raw materials 
less intensively, are likel. to be permanent. It is true that 
overproduction of certain export crops in developing countries, 



CTchlons 147 

due to price rises of the 1970s, seems to be petering out, but 
many countries are still trying to boost production so as to 
increase export revenues or their share of the world market. Per­
haps the most significant measure which could be undertaken 
is a reduction in tile subsidies to, and protection of, domestic 
agriculture in industrialized countries. 

As we argued in Chapter 3,present agricultural trade and 
pricing policies in developing and developed countries are rarely 
either efficient Or sustainable. Fron tile developing countries' 
viewpoint, increasing agricultural oIMductiont of exportable com­
inodities is undesirable if the associated total costs - which 
include the financial burden of subsidies, the cost of' envi­
ronmental impacts and the social costs of regional changes in 
cropping patterns, farming systems and crop output (e.g. from 
"food" to "export" crops) - exceed the benefits of increased 
export earnings or share Of' the world market. Too often, only 
these benefits are considered while the costs are ignored or 
overlooked. But it needs to be realized that this is no longer 
a realistic strategy, given the long-term trends in real prices, 
the frequent scarcity of domestic financial resources and the 
evidence that sustainable agricultural development depends on 
a careful management of the natural resource base. 

However, such a reform of agricultural policies in developing 
countries will be largely fruitless without similar steps in indus­
trialized economies. As we have seen, depressed commodity 
prices are also a result of the domestic agricultural policies and 
protectionism of the United States and the European Commu­
nity. This argument, though, still has little force. The effects 
of these policies on global agriculture, and in particular on 
production in developing countries, are largely peripheral to 
the policy debates in industrialized countries. Indeed, it is 
the "fear" of losing domestic markets to external competitors, 
including developing country producers, that has kept up the 
pressure for agricultural protectionism in many industrialized 
economies. If reform does occur, it will be a consequence of 
the perceived financial burden imposed by these policies on 
industrialized countries themselves - coupled, rerhaps, with 
concern over any environmental degradation resulting from the 
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subsequent distortions in agricultural production. 

Freetrade andstructuralreform 
At the end of Chapter 3 we discussed briefly the trade-off between 
the pursuit of global economic efficiency, through the promotion 
of free trade and structural reforms in the developing countries, 
and the goal of increasing sustainability and equity. Our verdict 
was that without detailed analysis of how national policies affect 
sustainability and equity issues within their national boundaries it 
is difficult to come to general conclusions. As Chapter 4 revealed, 
however, much depends on the nature of the environment, the 
resources being exploited and the commodity being produced. 
Trade liberalization may encourage the development of highly
sustainable and equitable agroecosystems, yet equally it can 
provide a licence for highly exploitative systems which are 
environmentally and socially destructive in the long term. 

National strategies 

In Chapter 4 we discussed two key strategic issues that illustrate 
this point. One of the structural adjustment reforms being 
urged on developing countries consists of a reorientation toward 
production of agricultural commodities for export. It is claimed 
that this strategy will help countries reduce their debt burden 
in ways that make optimal use of available labour. The counter 
argument is that this is likely to result in serious environmental 
damage. But, as we pointed out, this objection is too simplistic. 
There is, first of all, no clear ecological distinction between 
export and food crops ­ some food crops, such as rice in Thailand, 
constitute major exports. The question as to whether promotion of 
export crops is environmentally sustainable depends on the nature 
of the crop and the conditions under which it is grown. We gave 
examples of situations where expansion of export crops in fertile 
lands is pushing food production into more marginal environments 
and, on the other hand, where growing of food crops such as maize 
is replacing the growing of tree crops on hilly land, with consequent 
increases in soil erosion. 

Similar considerations apply to the argument over whether to 
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invest in more favoured or marginal lands. It is often claimed 
that the best use of agricultural investment, whether it be in 
research, infrastructure or development projects, is in envi­
ronments which are well endowed in terms of soil, water, 
topography and access to markets. By contrast, investment in 
marginal lands is more problematic and less likely to be sus­
tainable. As we argued, these polarized positions are again too 
simplistic. There is good evidence that the incremental returns 
to investment in the best favoured lands is declining and that 
such returns are for the most part reliant on increasing inputs, 
such as pesticides and fertilizers, which in both economic and 
ecological terms are unlikely to be sustainable. On the other 
hand, although the potential productivity on marginal lands is 
less than on the best favoured lands, the incremental returns 
may well be higher. There is a much greater gap between actual 
and potential productivity in marginal lands than on the best 
favoured lands. As the two examples of development projects 
cited in Chapter 5 - Sukhomajri and Guinope - clearly show, 
it is possible to develop productive, equitable and sustainable 
systems tinder the most difficult conditions. 

We also mentioned two other key issues of national strategy 
- investment in small-scale farming versus large-scale farming, 
and the role of private, versus public, investment. Again, for 
the criteria of sustainability and equitability much depends on 
the nature of the agroecosystem under consideration, its socio­
economic as well as ecological features. Some large-scale agri­
culture, for instance rubber plantations in Malaysia, has proven 
highly productive and sustainable. On the other hand, small­
scale "pioneer" shifting cultivators in the forests of Indonesia 
and Brazil are some of the most environmentally destructive 
farmers in the world. Similarly, while it is theoretically easier 
for public agricultural investment to take a longer term view 
and build in sustainability practices, the record shows that 
this does not necessarily happen. There are numerous exam­
pies of publicly funded agricultural developments which have 
been disastrous environmentally - the notorious "Groundnuts 
Scheme" in Tanzania in the 1950s, for instance. Even the highly 
successful and apparently sustainable Gezira cotton scheme in 
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the Sudan has suffered severe declines in productivity in recent 
years due to reduction in the fallow period, too high an inten­
sity of cropping and serious pest problems which appear, in 
part, to be due to pesticide overuse. By contrast, there are an 
equal number of examples of sustainable private investments. 
One such is the little known expansion of Turkish tobacco in 
north-east Thailand which has brought considerable economic 
benefits to small farmers in a highly impoverished area, and in 
such a manner that cultivation exploits, without destroying, the 
potentials of very marginal environmental conditions. 

Policy criteria 

What this discussion highlights is that such controversial issues 
cannot be resolved in isolation. Whether sustainable and equi­
table agricultural development is attained or not depends on the 
broader policy environment and the degree to which it is in tune 
with the biophysical environment of agriculture. 

We further suggest that the creation of such a favourable 
policy environment depends, in turn, on whether developing 
nations are able to meet five crucial criteria­

(1) 	Governments will only be concerned wo!h long-term 
natural resource management issues especially the appro­
priate development of resource-poor lands, it the) perceivC 
it to be economically essential to do so. Ve reer to !his as the 
"politicalwill" criterion; 

(2) Proper 	 economic analysis of policy options, especialiy 
of their impacts on small and marginal farmers in resource­
poor regions, requires appropriate data, methodology an 
analytical tools ior economic valuation of environmental 
impacts. This . tht "ccononi analysis" criierion; 

i3) 	 Small farmers and pastoralists will only change their 
farming practices and current uses of the resource base it they 
have the appropriate economic incentives to do so. Equally, 
their response to programmes and projects is only likely to be 
sustainable if they are genuinely involved in their design and 
implementation. This is the "appropriateincentives" criterion; 
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(4) 	 Policies and programmes for sustainable development 
will only be properly implemented if the appropriate insti­

tutional framework is established (e.g. one that is multi­

sectoral, coordinated over natural resource boundaries, and 
"bottom-up" in orientation). Th*s is th "nstitutionalJtexibil­

ity" criterion; and 
(5) 	Sustainable agricultural devulopnv.-nt cannot be pursued 

in isolation. Its success depends on its place within 

an infrastructural development "hich complements and 

reinforces sustainable policies and programmes. This is the 
CoIpleeinltal,infrastructure" criterion. 

The politicalwill 
The "political will" criterion can be met in a number of ways. 

One is for international lending agencies and other donors to 

insist, as part of the conditions of structural adjustment, that 

governments of developing countries adopt sustainable agrictil­

tural policies. Second, governments may be persuaded that sus­

tainable management of their natural resource base is essential 
to meeting their debt obligations and long-term development 
goals. Third they may become convinced of the significance 
of the poteritia! economic contribution of smallholders and 

pasrcralists on margin:'l lands. These, however, are interlinked 
rguments. The acceptability of "conditionality" will depend, to 

large extent, on the acceptance of the last two arguments. It 
is unlikely thiat "conditionality" on its own will be sufficient in 

meeting the "political wil' criterion. 
But there is, in our view, a much more powerful argument 

which we advanced in Chapter 3; a ,arge number of low and 

lower-mniddle income economies are directly dependent on agri-

Lultural commodities for the over, helming majority of their 
exports, and this is likely to remain true for a long time to 

come. In this situation export performance is a direct function of 

the efficient and sustainable use of the natural resource base that 

supports agricultural production. Furthermore, in the absence 

of sustainable resource use policies such countries will become 

increasingly vulnerable to the economic stresses imposed by 
external debt. 
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Economic analysis 
However good these arguments in theory, they have to be 
backed up by detailed economic analyses both at the macro 
and micro level. For instance, there is a need for substantive 
and extensive analysis of the implications of various macro­
economic, trade and sectoral policies on the local resources upon
which the livelihoods of smallholders and pastoralists depend.
In particular, better evaluation of the economic costs of these 
environmental impacts is required. At the micro level, attention 
has to be paid to the natural resource allocation decisions made by
farmers and village communities, both to help design appropriate 
policies and investment programmes and to monitor their impacts. 

There are two prk' lems facing analysis of this kind. The first 
is the lack of a data base and a methodology for evaluating 
resource and environmental impacts.2 Current data bases in 
developing countries, where they are reliable, are disaggregated 
by administrative and political boundaries (i.e. region, prov­
ince, district, sub-district and so on). It is often extremely 
difficult to obtain the same economic and environmental data 
by major agro-ecological and resource system zones; e.g. water­
sheds, semi-arid lands, uplands, forests, coastal resource sys­
tems. Equally, it is difficult to obtain reliable data on certain 
key marginal socio-economic groups, such as agropastoralists, 
nomads, upland farmers, shifting cultivators and indigenous 
tribes. The second problem is that although techniques for 
evaluating the environmental impacts of economic policies and 
projects have been developed in recent years, they have yet to 
be applied in developing countries. 3 Systems of natural resource 
accounts, which attempt to show both the full economic contri­
butions of the resource base and the costs of its depletion and 
degradation, have been greeted with enthusiasm in some devel­
oping countries, but still have to be systematically adopted. 4 

Appropriateincentives 
Meeting the first two criteria establishes the need and the will to 
act. The success of that action depends on the remaining three 
criteria. The first of these is the capacity to design "appropriate 
incentives", of which two kinds can be distinguished. 
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"VARIABLE" INCENTIVES 
These focus on price changes to induce producers and consum­
ers to manage natural resources in a more sustainable manner.5 

They include altering input and output pricing, exchange-rate 
modification, tax and subsidy reform, adjusting middlemen mar­
gins, and so on. 

In theory such policies should provide economic incentives for 
smallholders and pastoralists to increase productivity without 
generating environmental degradation. However, in practice it 
is not quite so simple. As the example of rising food prices 
discussed in Chapter 4 illustrates, different ""ral groups will 
be affected differently by changing prices. Moreover, there 
is still little empirical understanding of the linkage between 
price changes and agricultural supply and demand responses, 
and natural resource effects. 6 

In the case of subsidies of agricultural inputs, a more substantial 
link has been established between wasteful and inappropriate use of 
these inputs and envizonmental pollution and degradation. 7 But we 
are far from being able to determine the optimal level of fertilizer, 
pesticide and other input use in terms of sustaining agricultural 
production in developing regions. Thus in some countries, like 
Nepal, natural geographical constraints may require the continua­
tion of transportation subsidies for fertilizers and other inputs in 
order to ensure distribution to remote areas. But other factors have 
to be taken into account. Nepal is not free to set its own input sub­
sidies but must keep parity with its dominant neighbour, India. If 
Nepal's fertilizer prices fall too low, scarce supplies are rapidly 
smuggled across the large open border.8 The optimum level ofsub­
sidy is thus, at present, largely an empirical compromise. 

Moreover, working with only one set of these incentives is 
likely to be ineffective. The challenge for agricultural policy is to 
design the right combination for a given target group of farmers 
and pastoralists. 

"USER ENABLING" INCENTIVES 

These directly address the needs of the resource user. They 
include changes in land and resource rights, for example., and, 
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most important, increased participation in decision making. 
Their design, inevitably, requires careful analysis of the impact 
of institutional arragigCmcnts 1,r land ownership, and rights of 
access and tclnallcy, il environienrlal degridiiion Such analy­
sis, t1-ugh, is complicated by the fact that l'cw Third World 
rural households are bound 1) one set of insHilinional propcrt\, 
rights; many own little land, renl in a little 1mC, do0 soeic farmn 
labour for olicr, bigger owners ,rid even have Nome rights over 
cerltlin comonl -owned resources. AlorCover, the relatioinships 
between resource access, Cspcially to land, uid poverty may be 
completCIl di ffereiit in ia-igiial as oppos.d to irrigated agricil­
tural regions with morc favotiiable cnvironnieitaf condilions 
Under irrIated, iiproved r iiCIodern fariIIing colnditioMs tllil 
produce high net retrins p hectare, access to cven a liItIl 
bit of land, despite hcing associated with larger hou'seold size, 
tIlds to reduce the probability (& pvCry ill in average year. On 
VCI r ice- 'oor lands, howevcr, f;rIerslltP with small and even 
middle-sized holdings tend to be only n'irginally beter off tIhi 
lindless laboticis." 

The design oflappropriale user-eiiablinig iiiccitivcs also requires 
a good tuIderstlanding (t lira' cconoinic incentives determine the 
behaviour of fairmiers and pastoralisls. l'ofitability is often a 
powerful motive, even 1'0" res)tlrce-poor ru.1ral households. The 
studies of upland Eirming on Java, rctrrCd 1o in earlier chapters, 
suggest that (a): failers will niodifyt heir land ianagemient prac­
ticcs and fariiiig systems to improve Soil and w'ltr cOnscrvAtioll if 
they p,rccive an economic ad vantage from doing so aiid (b); this 
"ecoinomic advantage" is largely dCteriiiiiiCd I y lie polntial for in­
creasing productiviiy and thus net r-eturns fr.om working the land. 
This decision will be aficCtLd by such factors as tile ability to earn 
grealer rCLurns froii ofi-fa "i emnployment, the security of land te­
iitire, transportation and niarketing facililtics and the access to in­
lornatioi on technology, inputs and falrming methods. But ,in gen­
eral, the relationship bC\VCCn the crodibilit, aind profitability of 
different alining systems on different soils and slopes is a critical 
determinant of whether upland farmers adopt a soil conservation 

0strategy. 
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Incentives to ,Yreater participation by small farmers in develop­

rment programmes and proiects are largely a function of creating 

the right institutional framework, and this is addressed in the 

next section. 

In) many ways this is the most difficult of the criteria to meet. It 

is not simply a question of central governments devolving power 

autonmatically to provincial or regional authorities or below. 

There may he formidable political obstacles to this approach 

and a lack of institutinnal and administrative competence at 

the decentralized lcvCls. ()n answer, in the short term, is to 

establish stronger sectoral and sub-sectoral links among exist-

Ing ministries commitCd ton improving the integration and co­

ordination of the activities InI terI:; of nexw' sustainability targets. 

In the past there has been too great a reliance on single physical 

planning targets, such as increases in yields of specific crops, 

the nutmber of trees planted or the number of dams built, as 

the measures of pcibrinatilce Moro attention needs to be paid 

io improving thc technical and adminiStrativI, capacity across 

all agencies fhr maIiIin: activities based oI natural resource 

syStCl boundaries anld OIIeCS "e.g. \vatersheds, .coastal zones) 

rahe'r tha11 political adinistrative units, and on improving the 

pcrf )rnnn,c of i'ill-, SvstCnIs and livelihoods rather than 

specific conimodity . rop,. 

Among other things. thi implies incentives for rural exten­

sion workers to w(orhl cfcClivev in the remote regions where 

res farmers pastoralists)urc 1-p1tr aiLd arc loLatcd. )evelop­

ment Institutions at thc lo,:al level have I,) be strengthened 

and given a newv sense of purpose and ideology, based on 
ai "bot tom-tp approach to development. Techniques such as 

now exist to make such an approachRapid Rural Appraisal 
practical r;ther than a theoretical proposition. In the hands 

Of both research and extension workers ,he. have proven suc­

k ssfI both in ensuring local participation and in providing 

,ppropriatc analy,,O- fkr tistainable agricultural development 

,-c Appendix). 
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It needs also to be recognized that such invigoration of localdevelopment competence cannot be left solely in the handsof government. In recent years the pioneers of "bottom-up"approaches have frequently been non-government organizations(NGOs), imbued with a sense of idealism and unconstrainedby bureaucratic procedures. In particular they have been inno­vators in the development and implementation of sustainabletechnologies and village-level institutions. Their role needs tobe encouraged and supported, particularly where, as in the caseof Sukhomajri and Guinope, they operate in close partnership
with local government agencies. 

Cornplementapy infrastructure
Finally there is a need to encourage, particularly in marginalagricultural areas, co-ordinated rural development efforts whichcombine economic incentives with appropriate physical infra­structure and institutional investments. These will includeimproved marketing and transport, post-harvest technology andprocessing, the provision of rural credit, and the development ofcomplementary research and extension.

Besides their contribution to agricultural production,infrastructure investments in rural 
such 

areas also have the potentialfor direct and indirect generation of off-farm employment. Thusthe increased investment in rural infrastructure, which accom­panied the rice-based expansion in the lowlands of Java, resultedin expanded off-farm employment opportunities in trade, trans­portation, private construction and services, and this especially
benefited the landless and those with marginal holdings. Greaterinfrastructure investments in hitherto neglected marginal areascould have similar important income-generating and multiplieremployment effects. One example is the establishment of foodprocessing industries in rural areas which generates the need forstorage, transportation, sorting, grading and packing in addition 
to the actual processing. IThere is some evidence that the availability of off-farm in­come may lessen farmers' attachment to the land and hencetheir willingness to invest in improved land management. Butif physical infrastructure investment is well co-ordinated with 
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agricultural and rural development activities, the effect should 
be to expand overall incomes and employment opportunities so 
that the additional resources will be invested in land improve­
ments. 12 This is, after all, one of the little-acknowledged lessons 
learned from the co-ordination of investment efforts that estab­
lished the green revolution on the lowland rice-growing areas 
of Java. 

Similarly, investment in agricultural research and extension 
needs to be redirected away from the more favoured agricultural 
regions and their crops. In Thailand, until recently, the irrigated 
rice-growing Central Plains received most of agricultural invest­
ment, whereas the mainly rainfed, more marginal, north-east 
region received little over 10% of the official development assis­
tance for agriculture. "3In Indonesia, where expenditure on agri­
cultural research is far below that of Thailand and comparable 
economics, amounting to only 0.3% of agricultural GDP, the 
overwhelming emphasis is on research on rice that favours the 

irrigated lowland areas. 
In Sub-Saharan Africa the situation is even wor:;c. The needs 

of small countries and the diversity of agroclimatic conditions 
were matched by a mere US $170 million of agricultural research 
expenditure in 1080. The World Bank recommends this is 
doubled in real terms by 1990. But perhaps more important 
is the nature of the research investment. Much current research 
fails to meet the region's needs. This is linked to two causes: 
an inadequate understanding of small-farmer goals and resource 
limitations - for example the vast importance of intercropping 
compared to monocrop systems; and (with a few exceptions, 
such as hybrid maize in Zimbabwe and Kenya and irrigated 
rice where environments can be modified to suit the crop), the 
inappropriateness of transferring green revolution technologies 
which were successful in Latin America and Asia. Africa has 
a higher rate of demographic change, comparatively low-input 
agriculture and more difficult agroclimatic conditions. 14 

Sustainable livelihood development 

The issues of appropriate incentives, infrastructure and institu­
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tions lead directly to a consideration of the tasks facing sustain­
able and equitable development at the local level. Working with 
only one set of incentives is unlikely to be effective. The chal­
lenge for policy makers is to design the appropriate combination 
of 	 incentives for particular groups of farmers in particular, 
well-defined and understood environmental and socio-economic 
circumstances. Appropriate infrastructure investments and insti­
tutions must also take these circumstances into consideration. 
These are necessary conditions for success, but bv themselves 
are not sufficient. 

In 	 the last chapter we described two examples of successful 
development projects that hold the promise of sustainability. 
We listed some of the elements of their apparent success ­
iterative learning, securitv of rights, a bottom-up, self-help 
approach and the presence of dedicated development staff. But 
there is also a more fundamental ingredient: the process of 
seeking out and agreeing on a series of "deals" which minimize 
the 	trade-offs between productivity, stability, sustainability and 
equitability. 

The Sukhomairi case study makes this very clear. Success 
there has depended on a series of deals or agreements between 
'he government agencies and the vili; gers, between the poor 
and landless and the better-off in the village, between the milk 
producers and the middlemen and so on. In these deals everyone 
has benefited to a considerable extent. The government has 
achieved its goals of arresting watershed erosion and refor­
estation, while the village has grown in prosperity. Moreover 
the increased wealth has been relatively equally shared. Most 
important, stability and sustainability have been assured not 
only because of the nature of the deals but also because they 
have been freely entered into and have become part of the new 
institutional arrangements of the locality. 

Perhaps there are broader lessons here. In this book we 
have stressed three central themes of sustainable agricultural 
development: 

0 	 that incorporating sustainability of agricultural production 
as a development objective requires explicit recognition and 
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understanding of the trade-offs involved with other objectives 
* 	 that the uniqueness of each production system in the agri­

cultural hierarchy and the hierarchical linkage between the 
different levels means that the problem confronting sustain­
able agriculture must be tackled at all levels - local, national 
and international 

* 	 that proper analysis of sustainable agriculture for devel­
opment requires a consideration of the trade-off between 
sustainability and other development objectives among, 
as well as within, the different levels of the agricultural 
hierarchy. 

What we are suggesting is that, once such analyses are car­
ried out, the route to sustainable and equitable agricultural 
development depends on seeking out anu ... lementing those 
agreements, both within and between the levels in the agricul­
tural hierarchy, that will minimize the trade-offs and maximize 
the manifold benefits from achieving high levels of productivity, 
stability, sustainability and equitability. 

We do not suggest that we have found the ultimate solution 
to the questions we have raised. But we do believe that this 
book provides a comprehensive framework for thinking about 
sustainable agriculture for development - a framework that has 
been built upon the simple but non-trivial notions of hierarchical 
linkage and trade-off. 
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Agroecosystem Analysis 

Much of this book has been comerned with the difficulties of 
developing appropriate polikies and programmes for sustainable 
agriculture, but there are also ser:oi. ,practdca challenges faing 
the designers and implementers of sustainable projects. First, 
since the various components of .siainabilitv - ecological, eco­
nomic, social and institutional - are so closely intertwined, 
successful projects must necessarisv involve a wide %arietv of 
skills and disciplines. As experience shows, getting these to 
work together in design and imlplementation is by no means 
eas\. Second, while the sustainability of development is, by 
definition, impossible to judge in the short term, there are few 
situations where it is practical to wait for the results of long-term 
research. Actions have to be taken quickly and efficiently, and 
as cheaply as possible, using whatever kno%, ledge is to hand. 
Fortunately, a number of method, and techniques now exist 
which offer partial solutions to thec challenges. 

Development of the approach 

One such method is that of Agroecosystem Analysis (AEA).1 
Work on the development of this method began at the Uni­
versity of Chiang Mai in northe n Thailand about ten years 
ago. In 1968 a Ford Fotindaton grant had been given to 
create a multiple cropping project (MCP) aimed at designing 
advanced triple-crop, rotational systems which farmers could 
use to capitalize on the government irrigation schemes which 
had recently been installed in the Chiang Mai valley. At the 
same time, many of the young staff were given sLholarships 
to go abroad for further graduatt training. In the late 1970s 
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they returned, eager to use their new skills and experience 
in the task of helping the farmers of the valley. But, almost 
immediately, they realized that much of the work of tile MCP 
in the intervening years had not proved particularly relevant. 
Although the MCP had developed some half dozen apparently 
superior and productive crop vstcins, there were very few cases 
of, adoption by tile farmers; on tile other hand tile farmers 
themselves had dcveloped a !arge number of triple-crop systems 
in respoime to tile new opportunities that the irrigation had 
provided. This rcalization raised qlestions in the ininds of tile 
stalf as to the role they, a., university researchers, could most 
effectively play. II terms of helping the farmers of tile valley, 
wIherc did their comp'arativ a Ivantamc lie? Should they continue 
to design new systems? If not, what 'Kind of research should they 
unudertake? 'hev further reaiicd that these questions could not 
be answeicd until thCV had a better idea of the existing farming 
systetns in the valley and the particular problems the farmers 
were currently facing. The group at Chiang Mai, numbering 
some twenty academic staff, then spent approximately a year 

developing an approach that would give them tile answers.-
The group soon realized tha! muhltidisciplinary analysis reLltires 

more than simply having a research or development team that 
works well together and is sensitive to tile requirements of 
good communication. The generation of good interdisciplinary 
insights also requires organizing concepts and relatively formal, 
i.e. semi-st ructu red, working procedures. The key concepts they 
developed - the agroecosystci, agroecosystem properties and 
hierarchies - have been described earlier in Chapter 2; they are 
relatively simple and generally acceptable to all disciplines. They 
are also understandable, at least in essence, bv those with whom 
the development professionals are working; that is, both policy 
makers and the farmers. 

The next step was to use these concepts as a basis for analysis, 
both in the field and in a workshop environment. It was soon 
found that the most powerful analytical tools were simple, 
but well designed, descriptive diagrams. These were prepared 
in the field, from direct observation and through interviews 
with farmers. They were then used in a workshop to facilitate 
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communication between the different disciplines and to pin­
point the critical problems and opportunities facing farmers and 
hence to identify the key research priorities. The priorities were 
laid out as a set of key research questions with accompanying 
hypotheses and an outline of the research work that was needed. 
In the years that followed the Chiang Mai team has used the 
list as a guide to its research and has been able to provide an 
impressive number of answers to the questions. 

The method was taken subsequently to Khon Kaen Univer­
sity in the north-east of Thailand, where it was adapted to the 
problems of analysing the semi-arid agroecosystems of north-east 
Thailand, 3 and thence to Indonesia where it was applied to 
the analysis of the research needs of, respectively, the uplands 
of East Java, the tidal swamplands of Kalimantan and the 
semi-arid drylands of Timor.4 More recently, AEA has been 
used as a method for determining development priorities for 
the Aga Khan Rural Support Programme in the northern areas 
of Pakistan 5 and for the Ethiopian Red Cross Society in Wollo 
province in Ethiopia. 6 In both these situations the need was for 
even more rapid multidisciplinary diagnosis and the method has 
undergone considerable simplification. 

AEA is similar to the CIMMYT OFR/FSP (On-Farm Research 
with a Farming Systems Perspective - see Chapter 5) but differs 
in several important respects: 

(1) 	an emphasis on the use of multidisciplinary workshops and 
rapid appraisal techniques; 

(2) 	a foundation on ecological as well as socio-economic con­
cepts; 

(3) 	a recognition of the importance of the trade-offs in agricultural 
development between productivity, stability, sustainability 
and equitability; and 

(4) 	 its applicability not only to farming systems but to the 
analysis and development of larger systems at the village, 
watershed, regional and even national level. 

The first step in AEA is to carry out some kind of zoning of the 
project area. 
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RapidAgroecosystem Zoning 
In most developing countries, agricultural investment and plan­
ning is usually channelled down a hierarchy of administra­
tive/political units - from the national and regional level to 
provincial, districts and sub-distrits and finally to the village 
level. Agricultural data are collectea and aggregated through this 
hierarchy, which serves as the basis for research and extension 
activity and the dissemination of agricultural improvements. On 
the other hand, many environmental and resource problems 
in agriculture do not neatly conform to such administrative 
or political units, but instead are contained by ecological and 
socio-economic boundaries. Soil erosion, for example, relates to 
the extent of an upper watershed, desertification to the range of 
a pastoral tribe and salinization to an irrigation command area. 
Moreover, under diverse agroclimatic and socio-economic con­
ditions, even a relatively small-scale administrative/political unit 
(e.g. a district or sub-district or even village) may contain many 
diverse and complex resource systems, each with its distinct set 
of cropping patterns, soil type, institutional arrangements and 
economic circumstances. 

Various methods of land-use appraisal are currently available. 7 

They include land suitability analysis, agroecological zoning 
and life zone classification. All of these are powerful analytical 
approaches but they are also data hungry, requiring extensive 
field surveys and detailed information on climate, soils, veg­
etation and so on. They also concentrate on biophysical to the 
exclusion of socio-economic variables. 

Often, development projects cannot wait for such detailed 
land suitability analysis. Yet the immediate need is for a char­
acterization of the area into zones such that development inno­
vations tested in one part of a zone should be extendible to other 
parts of the zone, and possibly to other similar zones in different 
valleys. Zones defined in this way are referred to as General Recom­
mendatiun Domains. In development terms they may be regarded 
as broadly homogeneous. Such zones need not be immutably fixed, 
however; they may develop incrementally and iteratively, the 
boundaries changing with time, following the acquisition of more 
data and greater experience from development interventions. 
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Most important, General Recommendation Domains need not be 
characterized solely in terms ol biophysical features, but can also be 
determined by socio-economic factors. In effect this means that the 
domains are agroecosystems, as defined in Chapter 2, which lie 
between the village and valley agroecosystems in the hierarchy. 
The method is accordingly referred to as Rapid Agroecosystem 
Zoning (RAZ) and is characterized by a rapid, iterative classifi­
cation process. 

The Hunza Valley 
An example of such a zoning was carried out in the Hunza 
Valley of northern Pakistan for the Aga Khan Rural Support 
Programme.' An initial secondary data survey suggested that 
the primary biophysical determinants of the recommendation 
domains were likely to be growing period and resource availabil­
ity, with topography and soils playing an important role within 
the domains and within the village agroecosystems. 

The zoning was begun with growing period since some rele­
vant meteorological data were available. Although temperature 
data were only available for three locations in the valley, these 
were suppleniented by da ', from a furthet three lot-ations in 
the district to deterniiin a tempcrature lapse rate for each 
500 feet of a!tt:e. From these figures it was then poss­
ible to derive growing pu.iH,.! as a function of altitude along 
the valley, taking 5"C a.,,hc temperature below which growth 
ceases. 

At this stage a rapid field survey was undertaken in which 
farmers along the valie. were interviewed to determic sowing 
and harvesting dates, thi dates o: :he first frosts, and so on. 
The farmers' own sense itf:uning was also explored. In each 
village they were asked to compare their village with neigh­
bouring villages and to point out the major differences - not 
just in terms of crops or livestock but any feature that occurred 
to them. 

Based on the secondary data and the survey, the valley was 
zoned as in Figure A.1, and the team produced for each zone 
a brief portrait and an initial set of strategies for development 
(Table A. 1). 
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Figure A. 1: The nine valley zones of the Hunza Valley produced 

by the first iteration of the Rapid Agroecosystem Zoning 
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Table A.I: Characterization of the Zones of the Hunza Valley following the first iteration of the Rapid Agroecosystem Zoning 
Zone 

1. 	 Gilgit 

2. 	 Nomal-

Rahimabad 


3. 	 Chaht 

4. 	 Sikandarabad-
Nasirabad 

5. 	 Central Hunza 

6. 	 Ahmedabad 

7. 	 Gulmit 

8. 	 Khaiber-Sost 

9. 	 Misgar 

Growing
dai's 

379 

310 

280 

280 

260 

260 

240 

220 

190 

Crops 3% Portrait 

2 Dominated by Gilgit which provides market opportunities for high-value specialist crops, 
livestock products. timber and firewood that can be produced in the long growing period

2 A two-crop zone with a long growing period and good resources which requires a balanced and 
flexible development of frt,it. vegetable. dairying and poultry for the Gilgit market 

2 The highest fully two-crop zone with extensive natural resources. Development should focus 
on irrigated and natural forest and pasture, with specialization in dairying

1 2 A relatively narrow transitional zone with limited land. The major requirement is for early
maturing, high yielding wheat varieties and intensification of fruit production, processing 
and marketing 

I'2 A broad btiwl of good quality land. all under cultivation.,where the future lies in urbanization 
and intensification ofarable land use. emphasising fruit, vegetables, dairying and poultry

1.12 A narrow, extremely land-scarce zone ,hich is the uppermost area for doubling cropping. The 
only future lies in land intensification based on new varieties, better cultivation practices and 
plant protection and a shift to fruit and forest trees 

1 	 The lowest of the single-crop zones where the future lies in servicing tourism through

provision of high quality crop and livestock products and the immediate priority is
 
stabilization of seed potato production and marketing
 

1 With a growing period of only 220 days, the future lies in forest production primarily for timber 
and firewood, intensive livestock production using irrigated fodder, and seed potato 
production 

1 The uppermost zone in the valley characterized by a very short growing period and a serious
shortage of labour. The immediate need is for rapidly maturing cereals and vegetables, and for 
the growth of seed potato production, while long-term development should emphasize forest 
production 



Figure A.2: Transect of a village in the Hunza Valley 
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Source: Gordon R. Conway, et al., Agroecos_,stem Analysis and Development for the Northern Areas of Pakistan 
(Gilgit, Pakistan: Aga Khan Rural Support Programme, 1986). 
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A more recent example of RAZ was carried out in the Alpuri 
subdivision of Swat l)istrict in the Nort h \Vest Frontier IProv­
ince of Pakistan." It was undertaken at the beginning of a project 
to develop horticulturC and vegetable production in tile area 
and the general recommendation domains with their associated 
strategies wcre definCed in these terms. 

1'ilwy ALrotcosvstcm . lnavsis 
The next siage is to investigate id characterize further the 
RAZ zonies an L n lprsctlllltiveh An',A ondt1,1 ll villages. 
The prinary im is it, deterillic k,: , hypoithescs f res(.:rch 
alld dcvCopnltC appoplriatC f r caCh Zone. 

Fllhowing a ScCold:rv datA review of tihe Vill!gc the aiialysis 
begins with 1 field viil whose liam is to produce a series 
of diagrams of the agroecosvlstem based tiI dirvct observation 
and semi-,teructired inerview. These diagrais are designed 
to relate l, f o basic ',\stemn patterns - in space and linc, 
and of lows and decisim nmakig. ,aps aid transects ig-
Lire A.2) describe the spalial pattern:. and, in particular, tile 
localion of paiticrlirar problCHs and ojppo1tunitiCs. Seasonal cal­
endars (lFigure A.3 1 and grphs summarize patterns in time, 
showing inicrreltionships betwcen a wide varielv of" activities. 
SOUrcCs an1d of incomlle. are sUillularii'd ill bar" diagram1111sOf' 
based on- sCmi-strUettirCd FIOWlo\ toin1CrviCws. diagrams arC used 
summarize productio alld marketing cycles and the actual or 
potential impact of major innovations or intervcntions (Figure 
A.4). Finaly, dCcisiol trees describe the choices of different 
tarming strategies and the flctors affecting these choices (Figuore 
A.5), while Vcn diagrams are used to aialyse institutional 
interactions in decision making. 

The ficld visits take about two days lpcr Village. 'he diagrams 
are then converted to overhead transparencies and used as the 
f'ocus of a h,,lf- to onc-day workshop. This involves the field 
team and other mem bers of the development group and is 
structired around the procedure shown' in Figure A.6. F;l­
lowing a brief discussion of objectives and system boundaries 
the team concentrates on the analysis of the diagrams. This has 
two outcomes: first, as an intermediate step, a table of the most 



-- 

Appendix 171 

Figure A.3: Seasonal calendar for a village in the Hunza Valley 
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Figure A.4: Impact flow diagram for a village in the Hunza 
Valley: effect of a new highway 
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Figure A.5: Decision tree for livelihood systems for a village 
in the Hunza Valley 
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Figure A.6: The procedure of agroecosystem analysis 
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important factors affecting the system properties of productivity, 
stability, sustainability and equitability; and, second, a set of 
key questions and related hypotheses that the team as a whole 
agrees are of primary importance. Table A.2 provides examples 
of the kinds of questions that emerge. 

The final stage is for the team to assess the innovations and inter­
ventions implicit in the key questions in terms of their effects on 
system properties, and to rank them for priority attention (Table 
A.3). Some of the questions are key research questions with related 
research hypotheses; others are key development questions with 
related working hypotheses. The first category leads to further 
research, ideally conducted with the full participation of the 

Table A.2: Examples of key questions relating to the develop­
ment of the new land in a village in northern Pakistan 

Key question 1: How can soil development be speeded up 
while at the same time providing a higher 
return on new land? 

Working hypothesis: The third terrace should be planted with 
apples, peaches, apricots and cherries, plus 
alfalfa. Second terrace should be planted 
with willow, rubinia, alfalfa and perennial 
grasses 

Key question2: How can land be used efficiently after 
reclamation? 

Working hypothesis: After 7 years, 25% of the land should be 
utilized for potato and the rest planted to 
wheat, barley and fruit trees. Alfalfa and 
grasses should be planted on the second 
terrace 

Source: Gordon R. Conway et al., Agroecosystem Analysis and Development for the
 
Northern Areas of Pakistan(Gilgit, Pakistan: Aga Khan Rural Support Programme,
 
1986). 
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Table A.3: Innovation assessment for a village 
in the Hunza Valley 

-3 Q 

INNOVATION 

Development of 
second terrace + + ++ ++ [] [ * 3 

Development of 
third terrace +++ + + + El El [A 1 

Artificial 
insemination ++ + ? - j][ 2 

Catchcrops + + + o * * 3 

Riverbunds o + + + E] U [ 4 

Potato 
intensification ++++ + - + * a [ 2 

Involvement of 
women ++ + + +++ [ 22 

Source: Gordon R. Conway, eial., Agroecosystem Analysis and Development for the 
Northtrn Areasof Pakistan(Gilgit, Pakistan: Aga Khan Rural Support Programme, 
1986). 
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villagers; the second category results in development action. 

Rapid Rural Appraisal 

Agroecosystem Analysis can be regarded as but one example of 

the approach known as Rapid Rural Appraisal (RRA) which has 

been developed over the last decade. 10 RRA may be defined as a 

systematic but semi-structured activity carried out in the field by 

a multidisciplinary team, and designed to acquire quickly new 

information on, and new hypotheses about, rural life. 
Two themes are central to the philosophy of RRA. The 

first is the pursuit of "optimal ignorance". This implies that 

both the amount and the detail of information required to 

formulate useful hypotheses in a limited period of time are 

regarded as expenses to be kept to a minimum. In terms of 

the concepts presented earlier, the aim of the multidisciplinary 
team is to arrive at an agreed sufficiency of knowledge of the key 

agroecosystem processes and properties relevant to the objectives 

of the RRA, and not to exceed this by investigating irrelevant 
aspects or being concerned with unnecessary detail. 

The second theme is diversity of analysis. This is pursued 

through the process of "triangulation" - that is, the use of sev­

eral different sources of, and means of gathering, information. 
Notwithstanding the self-imposed limits of time and resources, 

the accuracy and completeness of an RRA study is maximized 
by investigating each aspect of the situation in a variety of ways. 

"Truth" is approached through the rapid build-up of diverse 

information rather than via statistical replication. Secondary 
data, direct observation in the field, semi-structured interviews 
and the preparation of diagrams all contribute to a progressively 
more accurate analysis of the situation under investigation. 

These themes in turn lead to five key features of good RRAs, 
namely that they are: 

* 	 iterative - the process and goals of the study are not immu­
tably fixed beforehand, but modified as the team realizes 
what is or is not relevant 

* 	 innovative - there is no simple, standardized methodology. 
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Techniques are developed for particular situations depend­
ing on the skills and knowledge available 

* 	 interactive - all ceam members and disciplines combine 
together in a way that fosters serendipity and interdisciplinary 
insights 

* 	 informal - the emphasis is, in contrast to the formality of 
other approaches, on partly structured and informal inter­
views and discussions 

• 	 in the community - the aim is not just to gather data for later 
analysis. Learning takes place largely in the field "as you 
go", or immediately after, in short intensive workshops. In 
particular, farmers' perspectives are used to help define field 
conditions. 

Studies of local rural situations in developing countries have 
often concentrated on only one set of conditions, investigating for 
instance the economic, social, ecological or agricultural aspects. 
Where several sectors are included, as in project designs, they 
are often still considered in isolation from each other, at best 
being collected together in a single voluminous report. Extensive 
data collections, involving many researchers over a long period 
of time and costing large sums of money, are often regarded as 
integral to the process. These are usually followed by equally 
extensive statistical analyses, although often remaining narrow 
in their focus and assumptions. 

The obvious logistical problems of such an approach are 
frequently accompanied by other, more serious, shortcomings. 
Local inhabitants are seldom consulted, or at best through 
fixed and formal channels, for instance by means of a written 
questionnaire with the questions determined beforehand and 
unchanged from day to day of the study, or from farm to farm 
or village to village. The context of the target data is frequently
ignored; "averages" are sought, while significant variations are 
often missed. This gives little opportunity for new features of 
the system to be revealed or for insights to be gained other than 
those which could have been learnt at the start from the local 
people. 

Such inflexible methedologies are also responsible for the 
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collection of many irrelevant data and the disregard of local 
peculiarities in, for example, the ecological, economic or cultural 
conditions. Delay in providing the results can sometimes lead 
to them being useless in the "by-then-changed" situation. A 
general consequence is that development projects fail through 
a combination of incorrect knowledge and a lack of co-operation 
on the part of "those being developed". 

The work of the early practitioners of RRA was brought 
together in conferences at the Institute of Development Studies, 
University of Sussex in October 1978 and December 1979.11 A 
more recent conference was held in September 1985 at Khon 
Kaen University, Thailand. 12 

The suite of RRA techniques 
There is no single, standardized methodology for RRA. In 
each situation the methodology depends on the objectives, local 
conditions, skills and resources. However, there is a suite of 
techniques in existence which can be used in various combina­
tions to produce appropriate RRA methods. The suite includes: 

* secondary data review 
* direct observation 
* diagrams 
" semi-structured interviews 
" analytical games 
* portraits and stories 
* workshops. 

Secondary data consist of reports, maps, aerial photographs 
and so on, which already exist and are relevant to the project. 
The review process involves searching for relevant data and 
summarizing these in diagrammatic models, simple tables and 
brief abstracts. The aim is to be sceptical and critical and to look 
out for what has been missed, but not to spend time here that 
could be better spent in the field. Direct observation includes 
measurement and recording of objects, events and processes in 
the field, either because they are important in their own right 
or because they are surrogates for other variables which are 
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important. Diagrams have already been described. 
One of the most important of RRA techniques is Femi-structured 

interviewing (SSI), which is a form of guided interviewing where 
only some of the questions are predetermined and new questions 
or lines of questioning arise during the interview, in response to 
answers from those interviewed. The information is thus derived 
from the interaction between the knowledge and experience of 
the interviewer and the interviewee(s). The latter may be groups, 
for examnle of village leaders, or key informants, such as school 
teachers or local government officials, or the farmers themselves, 
selected on one or more criteria. 

Analytical games consist of dialogues with farmers which take 
the form of a game, i.e. they follow certain simple but mutually 
agreed rules. One example is "Preference Ranking ' 6 where 
farmers are asked to choose between pairs of crop varieties 
or tree species. A set of choices is prepared and farmers are 
presented with the choices in every possible combination of two 
to compare. They are asked to indicate which they would choose 
if they could only grow one of the pair they prefer and give the 
reasons. 

Portraits and stories are simple written essays on families and 
their livelihoods, which illuminate their present conditions and 
the manner of their decision making. 

Classes of RRA 
The various techniques described above will be used in various 
combinations depending on the objective of the RRA. Very 
broadly, there are four principal classes of RRA, which ideally 
follow one another in the sequence of development activity: 

" 	 Exploratory RRA - to obtain initial information about a 
new topic or agroecosystem. The output is usually a set of 
preliminary key questions and hypotheses. (Agroecosystem 
Analysis is an example of an exploratory RRA). 

* 	 Topical RRA - to investigate aspecific topic, often in the form 
of a key question and hypothesis generated by the exploratory 
RRA. The output is usually a detailed and extended hypothesis 
that can be used as a strong basis for research or development. 
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* 	 Participatory RRA - to involve villagers and local officials 
in decisions about further action based on the hypotheses 
produced by the exploratory or topical RRAs. The output 
is a set of farmer-managed trials or a development activity 
in which the villagers are closely involved. 

* 	 Monitoring RRA - to monitor progress in the trials and 
experiments and in the implementation of the development 
activity. The output is usually a revised hypothesis together 
with consequent changes in the trials or development inter­
vention which will hopefully bring about improved benefits. 

TOPICAL RRA 

A topical RRA aims to answer specific questions on a certain 
topic and as such has a narrower scope of investigation than an 
exploratory RRA. Examples of topics investigated by this type 
of RRA are listed in Table A.4. 

While focusing on one particular question, however, the topi­
cal RRA does not limit itself to only one facet of the issue. As 
in all RRAs, a systems approach and a multidisciplinary team 
are used and all the techniques described above are likely to 
be included. As the topical RRA proceeds, the scope of inves­
tigation narrows further, while the depth of analysis increases. 
Thu the general, sometimes naive, inquiries of the literature 
search stage give way, through probing questions and analy­
sis, to more considered, "optimally infoimed" opinions in the 
final stage. 

Figure A.7 shows the relative duration of the techniques 
involved and how they are sequentially organized in a typical 
topical RRA. As can be seen, a possible end product of the 
process is an "extended hypothesis". Rather than a definitive 
answer to the question, this gives a concise description of the 
situation from the viewpoint of the researchers and summarizes 
the primary causes they suggest are responsible for the problem 
being investigated. The hypothesis can then be used in one of 
two ways. Firstly as a "working hypothesis" it can be assumed 
to be a true representation of the situation and actions can be 
taken, based on its findings and recommendations. Alternatively 



182 After the Green Revolution 

Table A.4: Examples of topical RRAs undertaken from Khon 
Kaen University 

Topic under investigation No. of 

participants 
in RRA team 

Causes and effects of trees in the paddy fields of NE 4
 
Thailand
 

Fuelwood situation in NE Thailand - problems and 7
 
processes of adjUstIment to its availability
 

Major factors explaining the various degrees of 10
 
success inthe operation of three dairy villages in
 
NE Thailand
 

Cropping patterns and the use ofcrop residues to 4 
supplement feed in dairy calf production in NE 
Thailand 

Extent of replacement of native black swine with 12 
non-native white in N EThailand, reasons why 
native swine production is still practised and 
whether such production will be sustained in the 
future 

Socio-cultural and biophysical conditions allowing 6 
farmers in Surin to adopt peanuts aftcr rice using 
residual soil moisture 

How villagers in Srisaket have adjusted to annual 5 
flooding 

Factors responsible for the varying degrees of usage 4 
of small-scale irrigation systems in NE Thailand 
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Figure A.7: The process of a topical RRA 
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Source: Jennifer A. McCracken,"A working framework for RRA: lessons from aFiji 
experience", AgriculturalAdministration,vol.29 no.3 (1988), pp. 163-84. 



184 After the GreenRevolution 

it can be considered a "research hypothesis" and research set up 
to confirm or disprove it; this in turn may lead to recommenda­
tions for action. 

The way in which ideas are "filtered and focused" to arrive at 
the hypothesis (i.e. the thought processes behind the framework 
of Figure A.7) will vary according to the topic of the RRA. Up 
to now no attempt has been made to produce a standardized 
format for this aspect of all topical RRAs. However, an RRA 
exercise carried out in Fiji attempts to bridge this gap and 
provide future practitioners with a practical structure on which 
to base their own individual initiatives. 1 3 This RRA aimed to 
answer the key question: "Why are sugarcane yields in Fiji 
low?". Firstly the secondary data survey, including analysis 
of international cane yield reports a,.d farm data files of the 
Fiji Sugar Corporation, addressed the preliminary, broadbased 
questions of: "Is there a problem of low cane yields in Fiji?" 
and "Are the yields uniformly low over Fiji?". Having found the 
answers to these questions to be "Yes" and "No" respectively, 
the study went on to try and identify the causal factors of the 
low yields and their spatial variation. 

A range of the possible causal factors and processes were laid 
out as diagrammatic hypotheses (Figure A.8) which were then 
refined and modified through SSIs with key informants and 
cane growers, direct observation in the field and the produc­
tion of diagrammatic models. From the final version of the 
diagrammatic hypothesis, a short list of key causal factors was 
distilled and this then became the base for deeper analyses. All 
the information, ranging from the secondary data to the opinions 
expressed in the interviews, was brought together for each 
factor and a series of brief essays produced. The titles of these 
essays inchided: "Cane farming in Fiji", "Pttterns of farming in 
Lovu" (the survey area), "Differences between Lovu growers", 
"Climate", "Poor management", and "Poor soil and slope". 
Finally the filtering process culminated in a single extended 
hypothesis which brought together all the causal factors and 
put forward a concise descriptien of the problem situation of 
Fiji cane yields. 
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Its basic thesis was: 

The cane yield of each farm depends on the balance between farm 

Figure A.8: Diagrammatic working hypothesis for influence of form­
ing practices on low cane yields in Fiji 
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186 After the GreenRevolution 

size and household size. Since the vast majority of farms are too small to 
support the average household by their cane production alone, at least 
some of the members must engage in off-farm work. The inevitable 
neglect of the cane means the majority of Fiji's cane producers obtain 
low yields. Medium-sized farms allow room for the production of 
vegetables, rice and goats in addition to the cane. This has two effects ­
the marketing of the produce lessens the household's ca.h flow 
problems and the need for much more regular farmwork keeps more 
family members on the farm and available for cane work when 
required. Such farms' cane yields are generally higher than the national 
average. The largest farms, while benefiting from the opportunity for 
diversified production generally have cane areas too large to be 
managed by the household alone and thus require the expense of labour 
hire. Location of the farms is also an important factor - these largest 
farms are on the hilliest, remotest and least fertile land and so the 
growers incur extra costs of machinery hire for land levelling, transport 
hire for taking the cane to the mill, and large amounts offer .liser. 
These large farms rarely produce high yields 
of cane.13 

PARTICIPATORY RRA 
All RRA exercises have at least some element of participa­
tion by the farmers and rural poor on whom they are tar­
geted. At the very least they are partners in semi-structured 
interviewing. However, there will be many situations in which 
the primary goal is to involve the local people in crucial decision­
making. Then specifically designed participatory RRAs may be 
appropriate. 

An example of a participatory RRA is the approach adopted 
by the Aga Khan Rural Support Programme (AKRSP), and 
referred to earlier. The AKRSP is concerned with developing 
several hundred villages in the northern areas of Pakistan in 
ways which capitalize on local knowledge and skills, and accord 
with local wishes. 14 The first phase of the programme, begun 
in 1983, focused on the development in each village of a single 
physical infrastructure project. The classical project cycle is here 
accomplished through a series of interactive dialogue3, termed 
the diagnostic survey. The first dialogue is conducted by the 
project management team in the village with an assembly of 
villagers. They are asked to identify one infrastructure project 
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which will increase village incomes, and which can be imple­
mented and maintained by them. One condition is that the pro­
ject must benefit at least 70-80% of the village population. Once 
a project is identified (perhaps after much debate and many 
assemblies), the second dialogue occurs. This involves project 
engineers who survey the site, draw up plans and estimate costs, 
all with the participation of knowledgeable villagers nominated 
by the village at the first dialogue. After the plans and estimates 
are checked by the senior engineer, project management returns 
to the village for a third dialogue. This consists of a full 
discussion of the rights and responsibilities of both AKRSP 
and the villagers. Terms of partnership are drawn up which 
explain the basis, amount and method of payment, and the 
common responsibilities of the village in managing the project 
and its finances, manpower and material. The project is initiated 
only if villagers can demonstrate their capacity for managing it 
on a permanent basis. A good part of the project cost is funded 
bv a one-time grant by AKRSP to the village as a whole. 

The diagnostic survey of the entire project area in Gilgit 
District (more than 300 villages) resulted in the initiation of 256 
village-level infrastructure projects (generally one per village) at 
a co;st of Rs38.0 million (TS$2 million). So far 180 projects have 
been completed and an estimated 22,098 families will benefit. 
Only ten projects are considered to be moving "slowly", and 
none have fallen into disuse through lack of repairs. 

The diagnostic survey and the ensuing funding of the physical 
infrastructure projects provided an entry point for the AKRSP 
to assist with development of the villages. This has opened the 
way for the second phase of development which focuses on 
realizing the agricultural potential of the villages through the 
judicious use of loans made against the villagers' savings. It is at 
this stage that Agroecosystem Zoning and AEA have been used. 

MONITORING RRA 

The aim of a monitoring RRA is to assess the impact of an inter­
vention on a particular agroecosyst,em. Such iruervention may 
have been the result of previous findings and recommendations 
from exploratory, topical or participatory RRA. 
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All the RRA techniques can be usefully applied in monitoring 
RRA. Secondary data review, particularly of the initial project 
documentation, is crucial to producing clear "before and after" 
comparisons. The central feature of a monitoring RRA, how­
ever, is visits to the target area, which involve direct observation 
of the changes that have occurred, and semi-structured inter­
views with the local inhabitants. Besides assessment ofdirect prod­
uctivitv indicators, the interviews should provide information on 
changL in life-styles, livelihoods, level of ?ndependence, contact 
with other areas, and also on the opinions of those affected. 

Where the intervention being monitored has run into prob­
lems, and particularly where conflicts of interest have emerged, 
a workshop may be useful. This can bring together representa­
tives of those affected in the different areas and at differ­
ent levels, along with the planners and implementers of the 
intervention. Experiences can be compared and any knock-on 
effects traced. The effects, social and economic, short-term 
and long-term, local and widespread, can be viewed together. 
Matrices can be drawn up to identify the relationships between 
these different components of the system and the positive and 
negative consequences for each. Following these discussions, 
recommendations can be agreed on how the intervention could 
be improved or any adverse effects alleviated. 

An example of such a workshop was held in the Philippines, 
concerning the effects of a major development project - The 
Bicol Integrated Area Development III (Rinconada/Buhi-Lalo) 
Project.' 5 This project, as part of a larger scale programme 
of river basin development, had already been found to have 
adverse effects on the fishing and agricultural livelihoods of 
the lakeshore inhabitants, the transportation and domestic water 
supplies of a lakeside town, and the long-term productivity and 
stability of the lake itself. The workshop was a modification 
of the Agroecosystem Analysis approach. Over a period of five 
days, government officials, development agency personnel and 
representatives of the farmers and fishermen came together to 
analyse a series of summary diagrams prepared during a brief 
field visit by a project team. The outcome was a set of key 
questions and hypotheses for research and development which 
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Figure A.9: Models for project design and implementation 
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were then assessed by the whole workshop to produce a plan of 
recommended changes and improvements. 

A monitoring RRA, including such a workshop, need not take 
any longer than other forms of RRAs. Several such short surveys 
can be conducted over a period of time to monitor the progress 
of a project and to make corrections and improvements. 

Project design and implementation 

A traditional project cycle, particularly as it applies tf large 
investment projects, goes through the sequential phases of 
data acquisition, analysis, planning, implementation, review 
and redesign (Figure A.9(a)). It is ordered and methodical, 
but is often a costly and time-consuming exercise. The logical 
progression is one which is designed to ensure that all factors and 
considerations are incorporated. But, as experience has shown, 
such an approach tends to become rigid and bureaucratized in 
practice. Critical questions are not asked and important insights 
are missed. At the other extreme is a project cycle which simply 
moves rapidly from identifying problems to solving them, and 
back again (Figure A.9(b)). This approach is based on a very close 
relationship between development professionals and farmers and 
can only really be undertaken on a small and intimate scale. 

This latter scheme relies entirely on RRAs. However, RRA 
has its limitations. It will never, and indeed was never designed 
to, make redundant more traditional, formal and detailed sur­
veys and analyses. RRAs and RRA techniques essentially com­
plement more formal methods and while in some situations they 
may be substitutes, more often than not, they are preliminary 
exercises, leading up to more detailed analyses. 

The advent of RRA has thus greatly enriched the availability 
of methods of analysis for rural development. Techniques can 
be chosen on the basis of the nature of the problem, the local 
situation and the resources to hand. In particular, different tech­
niques, both formal and informal, can be blended to produce a 
project cycle along the lines of Figure A.10. This lies some way 
between the extremes of the schemes in Figure A.9, and can 
be applied to a wide range of projects, both large and small. 
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In such a scheme the primary role of the RRA is to define 
and refine hypotheses which are then tested, either formally or 
informally, as part of the project cycle. Providing the cycle is 
iterative, flexible and open, it should be possible to combine 
speed with both rigour and sensitivity resulting in development 
liat is not only productive but durable and equitable in its benefits. 

Figure A.10: A model for project design and implementation 
which combines the use of Rapid Rural Appraisal and formal 
analysis and survey 
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