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PREFACE

It has become a habit that following completion of a research programme, a review
or assessment is performed. Partly to justify the money and efforts that went into the
programme and partly to identify novel directions for new programmes. Following
this tradition, the sponsor of the International Cooperation research programme
(DLO-IC), the Dutch Ministry of Agriculture, Nature and Food Quality (LNV),
asked a small group of scientists to draw lessons from its recently completed North-
South programme. The task group was asked to focus on the research theme ‘rural
development and sustainable agriculture’ (RDSA) to contribute to future thinking
about issues related to poverty alleviation, food security improvement and natural
resources conservation, a tall order for anyone.

By 2005, of the total of 70 North-South collaborative projects, some 35 were
related to RDSA. In addition to all science groups at Wageningen University and
Research centre (Wageningen UR), the projects involved many local and
international research institutes. Any attempt at comprehensively capturing the
efforts of such a large number of scientists from different disciplines over an 8-year
period, and their results, will inevitably have shortcomings. This book forms no
exception. However, in addition to being a challenge, too interesting to pass, we
think that the successes of and insights emerging from the programme are
worthwhile to share with a larger audience. Agricultural research in ‘Wageningen’
has been at the forefront of shaping innovation in research, development, and
agricultural practice for decades. The research efforts presented here, follow this
tradition and reflect the wide spectrum and recent progress made in research on
rural development and sustainable agriculture.

In this book, we have tried to deal with past, present and future research directed
at rural development and sustainable agriculture in low-income countries. First, we
sketch the current challenges, next we give an historical overview, and then present
the state-of-the-art with respect to the most important issues in RDSA. Finally, we
capture the most important lessons drawn from the programme, as a stepping stone
for an outline of the ways ahead to shape rural development and sustainable
agriculture.

Agricultural development during the last 50 years was shaped by three forces:
people, technology and globalization. Globalization has increasingly shifted the
focus from local to global threats and opportunities, with world markets becoming
more accessible and thus exerting growing influence. Changing technologies
improved the production possibilities and efficiencies, to better tailor deliveries to
consumer needs and desires. People, the main driving force, are exerting their
influence via their numbers, and their preferences as consumers or custodians of the
environment in which food and fibre products are produced. Changes in these forces
and their implications for research are discussed in Chapter 2. In Chapter 3, the role
of agriculture in achieving food security in the light of ongoing population growth,
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viii PREFACE

accelerating urbanization and changing diets is discussed. The disparities between
the Asian and African continent are highlighted. Research aimed at increasing
resource use efficiencies and breaking the yield barrier remains important. Chapter 4
deals with environmental issues. In the chapter, the contribution of the programme
to confronting the environmental threats to sustainable development, particularly
soil and land degradation, chemical pollution of soil and water, impact on
biodiversity and climate change are discussed. The importance of agriculture in
realizing development goals is obvious, when realizing that the majority of the poor
are located in the rural areas of low-income countries. Rural households therefore
play a key role in poverty reduction policies. Understanding how and which
decisions are made at this level, is dealt with in Chapter 5.

We have focused on a selected number of aspects of a very wide research
programme, by placing its findings in a broader perspective. Insight into the
contribution of agriculture to rural development can only be gained if we understand
how it interacts with other sectors and non-agricultural development priorities.
Understanding the larger picture remains a priority for future research efforts. For
research to continue to have an impact and contribute to rural development and
sustainable agriculture, research should focus on the three specific roles of
agriculture in rural development strategies: (i) basis for changing livelihoods,
(i1) provider of high quality affordable food, and (iii) provider of environmental
services.

This book would not have materialized without the contributions of a large
number of colleagues, policymakers and other stakeholders from the Netherlands
and its partner countries — and we are very grateful. Some of those, however,
deserve special mention: We thank André de Jager (LEI, The Hague) and Frank van
Tongeren (OECD, Paris) for their support in setting up this project, and for their
contributions to Chapters 1, 4 and 6. Marcel Vernooij, Désiree Hagenaars, Gerrit
Meester and Hayo Haanstra of LNV (The Hague) for intensive discussions and for
their guidance in keeping us on track. Our Wageningen colleagues Marianne van
Dorp, Huib Hengsdijk and Joost Wolf for their contributions to draft Chapter 3.
Henk Wosten, Gerdien Meijerink and Derek Eaton for their participation in
elaborating Chapters 4, 5 and 6. Special thanks to the following DLO-IC project
leaders who’s contributions provided substantial input to Chapter 6 and constitute
the core of Chapter 7: Rik van den Bosch, Paul van den Brink, Coen Ritsema,
Simone Verzandvoort-van Dijck, Kees van Diepen, Ben Kamphuis, Siebe van Wijk,
Derek Eaton and André de Jager. At Soil Science Center, Anne Zaal and Linda van
Kleef are acknowledged for secretarial support, and Klaas Oostindie for polishing
several figures. We are thankful to Rudy Rabbinge (Chair, CG Science Council) and
Hans Herren (MI, Arlington) for providing valuable comments on the executive
summary, and to Ewald Wermuth of the Royal Dutch Embassy (to UN in Rome)
and Bram Huijsman (Wageningen International) for the opportunity to present our
findings at a side-event to the 131st session of the FAO Council at Rome, 20-25
November 2006.

Reimund Roetter, Herman Van Keulen, Marijke Kuiper,
Jan Verhagen and Gon Van Laar
Wageningen, June 2007



EXECUTIVE SUMMARY'

INTRODUCTION

Since 1998, the Dutch Ministry of Agriculture, Nature and Food Quality (LNV)
promotes development-orientated agricultural and environmental research and
strengthening of North-South partnerships through its International Cooperation
(DLO-IC) research programme. By 2005, some 70 collaborative North-South
projects had been carried out. All science groups of Wageningen University and
Research centre (Wageningen UR) were involved in the implementation of the
programme and at least half the projects and activities undertaken were directly
related to rural development and sustainable agriculture.

In recent years there has been a search for more sustainable development
strategies. This has direct implications for agriculture, given its relations with the
natural resource base and its prime economic importance in low-income countries.
We identify three areas where agriculture can make a critical contribution: alleviating
poverty, protecting natural resources and increasing food security. These areas are
directly related to two Millennium Development Goals (MDGs): eradicating extreme
poverty and hunger (MDG 1) and ensuring environmental sustainability (MDG 7).

Our aim is to draw lessons from the DLO-IC projects to contribute to future
thinking about issues of poverty alleviation, increasing food security and natural
resources conservation. Our conclusions stress the strategic role of agriculture in
development processes, in which we have identified three different functions:

o provide a stable basis for changing livelihoods facilitating the gradual transition
out of agriculture into other sectors of the economy;

e deliver essential environmental services;

o provide sufficient affordable food of the quality needed to sustain a growing
world population.

The relative significance of these three functions is, of necessity, location-specific.
These three roles are neither mutually exclusive nor necessarily in conflict with each
other. It is, however, essential that the role of agriculture in a specific setting is
identified, so research can be tailored accordingly.

This Summary is divided in five parts. First, the changing role of agriculture is
placed in a Historical perspective. Guaranteeing the production of sufficient food to
meet the needs of a growing population has long been the focus of agricultural
research. In the chapter on Food security we acknowledge this role as a continuing
and major concern. At the same time, however, increasing agricultural production
often has had serious environmental repercussions.

In the chapter Agriculture and environment, a short review of DLO-IC projects,
and how production decisions by rural households affect both the environment and
the way natural resources are managed, is given. As such, they play a significant

! This summary has been published as a brochure in 2006, and is available from the
secretariat of the Soil Science Centre, Alterra, Wageningen UR.
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X EXECUTIVE SUMMARY

role in determining the extent to which policy objectives can be achieved. Decisions
taken at household level not only determine actual levels of agricultural production
(food security objectives), they also affect the long-term quality of local natural
resources and their capacity to support livelihoods (sustainability objectives).

The majority of the world’s poor live in the rural areas of developing countries.
Rural households are, therefore, a major target group in poverty reduction policies.
In the Rural livelihoods section, it is argued that non-agricultural activities are an
essential part of community and household activities and livelihoods. We conclude
that analysing and interpreting the interactions between agricultural and non-
agricultural activities is a particularly fruitful line of future research.

In Lessons learned, the issues raised are integrated and we reflect on the role that
agriculture may play in the future.

THE HISTORICAL CONTEXT OF AGRICULTURAL DEVELOPMENT

The history of agricultural and rural development since the end of World War II in
1945 is characterized by changing priorities and concerns. Immediately after this
war and the widespread experience of serious malnutrition, there was a determined
effort to increase food production in the developed world. Technological innovation
became the keystone of agricultural research and development (R&D) and resulted
in increased use of chemical inputs (fertilizers and biocides) to intensify production.
Yields of key crops rose substantially, labour productivity increased and, within
rural society, there was a strong reduction in the demand for agricultural labour.

As agricultural productivity increased, emphasis on food production declined.
The focus shifted to the economic context of food production as well as to the issue
of ensuring parity between the incomes of farmers and other occupational groups. In
many developed countries, policy measures (price support, export subsidies and
import levies) were introduced to guarantee farm incomes. In the long term this
would lead to overproduction and the distortion of world markets for agricultural
products.

It was against this background that concerns about the environmental impact of
new agricultural technologies began to grow. Rachel Carson’s book Silent Spring
was amongst the first to draw attention to the devastating effect of biocides on
fauna. Subsequent studies demonstrated the negative effects of nutrient surpluses on
water quality, soil and flora. The resulting increased environmental concerns led to
the Stockholm Conference on Environment in 1972. Gradually, agricultural research
came to focus on so-called integrated production systems, emphasizing the need to
maintain the economic viability of agricultural holdings, while reducing the negative
environmental impacts of farming practices. It took time for decision makers to
respond to environmental concerns, but gradually legislation was introduced to
regulate production levels and the use of inputs. Most recently, pressure from civil
society to reduce production subsidies and address environmental concerns has been
formalized in agreements, protocols and treaties in WTO and other international
organizations. These measures are, in part, an expression of the growing awareness
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that product subsidies and distortions in world markets seriously disadvantage
producers in developing countries.

The colonial economies of Asia and Africa were oriented to the production of
raw materials for the developed world and relatively little attention was given to
food production. Following independence of these countries in the 1950s and 1960s,
there was a growing concern for food security. Improved medical facilities had led
to rapid population growth in most countries, raising the demand for food
substantially.

The Green Revolution that led to increased cereal production, was made possible
through major investments in agricultural research. It was based on the transfor-
mation of agricultural practice and reliance on ‘high-yielding’ crop (wheat, rice and
maize) varieties that responded well to external inputs, in particular (nitrogen)
fertilizer, irrigation water and crop protection agents. Policy measures were enacted
to make external inputs economically attractive to farmers and — in the better
endowed regions of the developing world in particular — food production increased
dramatically, the fear of structural famines disappeared and food prices could be
maintained at a relatively low level.

Enthusiasm for Green Revolution technology was accompanied, however, by
growing scepticism. On the one hand because farmers in less-favoured areas were
unable to afford the required inputs and on the other because over time, it became
clear that the (excessive) use of agro-chemicals had negative environmental effects.

In response to this criticism, the Consultative Group on International Agricultural
Research (CGIAR) began to shift its attention from the mere agro-technical aspects
of agriculture towards (socio)-cconomic issues. As a result Farming Systems
Research (and Development and Extension) started to appear on research agendas in
many different forms. However, despite its initial promise, it proved to be a
methodology that failed to live up to expectations.

Gradually, via the eco-regional approach that focused on region-specific
potentials and constraints, Farming Systems Research developed into Integrated
Natural Resource Management (INRM). Here, the focus was agricultural production
and the effects of production (technologies) on the quality of natural resources (land,
water and air). The movement towards the /INRM approach was heavily influenced
by the emergence of the sustainability paradigm following the publication of the
influential Brundtland Commission report ‘Our Common Future’.

Programmes in the CGIAR shifted from science-driven single issue research,
dealing with such issues as soil degradation, erosion and pesticide use to demand-
driven, complex, rural development research in which the interrelationships between
factors affecting natural resource availability and the economic and socio-cultural
conditions determining production and environmental impacts were central.

The DLO-IC programme followed a similar development in its research
approaches, Increasingly, it addressed all the three agriculture-related pillars of
sustainable development, namely, economically-viable, environmentally-sound and
socially-acceptable agricultural systems and practices.



Xii EXECUTIVE SUMMARY

FOOD SECURITY

Despite the impressive achievements of recent decades, the annual FAO reports on
the world food situation — the state of World Food Insecurity — continue to show that
800 million people, mainly in developing countries, live in hunger. In 2005,
following MDG 1, the UN Task Force on Hunger set out the interventions needed to
halve the number of people living in hunger by 2015. It is clear that reaching this
goal and ensuring affordable and nutritious food for the world’s population remains
a major challenge. Although theoretically there is sufficient food to feed the entire
world population, challenges related to sustainable production remain.

Food insecurity is strongly linked to poverty, preventing people from obtaining
the food they require to lead healthy and productive lives. While it is true that no
one would go hungry if all food were equally distributed, such redistribution seems
not feasible. Strategies to reduce poverty and hunger must be based on approaches
that take local and regional biophysical, economic and socio-cultural factors into
consideration. The rapid transformation of diets and changes in food systems at
production, processing, distribution and retail levels also pose important challenges
for food security, good nutrition and health. These developments also instigate
efforts to develop effective rural livelihood strategies and environmental policies.

Challenges abound: The majority of those suffering from chronic or acute hunger
live in Asia and Africa. The figures tell a grim tale with India (220 million), China
(142 million) and Sub-Saharan Africa (204 million) having particularly large
numbers of hungry and malnourished people. Although in absolute terms the
number of hungry people in Asia is high, the proportion exposed to food insecurity
has declined in recent years. In Africa, by contrast, the proportion and number of
undernourished adults and children continue to rise.

In general, the total demand for food worldwide is expected to double in the next
50 years, with the highest increase coming from developing countries. In addition,
changes are taking place both in the pattern of demand and the type of food — more
meat, dairy products and fish — being consumed. Increasingly, this food needs to be
produced in an environmentally and socially sustainable manner in order to comply
with higher food safety standards, environmental regulations and consumer preferences.
As competition for scarce natural resources intensifies, agriculture has to find ways
of making more efficient use of resources, land and water in particular, to provide
high quality affordable food. In less-endowed regions, improved agricultural practices
must be tailored to local bio-physical and socio-economic conditions, to provide a
solid base for poor farm households’ livelihoods, if they are to have a positive
impact. Resource use efficiency gains in well-endowed regions will help increase
production at lower input costs, but result in lower product prices. Beneficiaries will,
in first instance, be urban consumers and environmental quality — and to a lesser
extent rural households.

Meeting these challenges implies that the agricultural sector must become more
productive (e.g., through improved technologies, improved institutions, etc.).
Scientific research will need to contribute to generating knowledge on how to:
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o Feed the growing world population, and meet consumer needs;
e Enhance rural livelihoods (by increasing or stabilizing income); and
o Safeguard the environment (maintain resource quality and protect biodiversity).

Clearly, scientific and technical solutions are not ‘magic bullets’. In isolation they
cannot resolve the complex problem of food insecurity which is closely related to
poverty. Poor people do not have access to food and health services, and often lack
of education, poverty and hunger seriously limit economic growth. However, it
should be recognized that economic growth in itself is not a remedy for hunger. It
cannot guarantee equitable access to food and it does not ensure that people can
claim their rights. More insights and knowledge are needed on this topic in which
multi-disciplinary research can play a role. To have impact, higher investments are
needed to escape the poverty trap.

A global assessment of food supply and demand gives insufficient insight into
the nature and urgency of poverty, hunger and malnourishment in developing
countries and regions. This is especially true for large parts of Sub-Saharan Africa.
Different drivers require a regionally differentiated view of food security and related
issues to identify research challenges and opportunities.

East and South-east Asia

Stagnating cereal yields in very intensive agricultural systems are a major constraint
to increasing food supply in Asia. Additional research is needed into the underlying
causes of phenomena such as ‘soil fatigue’ and the processes associated with long-
term and continuous mono-cropping in order to deal with the problem. At the same
time, research into new crop varieties that have greater resistance to multiple
stresses and the capacity to break yield barriers must be continued. These efforts
should take place within a research framework that addresses the need for targeted
management packages and takes into consideration the challenge that climate
change, food quality and safety legislation presents to crop and livestock breeding.
This also means a continued effort to support the activities of farmers to manage
local varieties and genetic diversity in a way that is also economically viable (e.g.,
through marketing), as DLO-IC research has shown to be possible.

There is considerable potential for improving resource use efficiency in Asian
agriculture. Analyses, using the Wageningen QUEFTS model for soil fertility in
conjunction with rice experiments set up across Asia, have shown conclusively that
nutrient use efficiencies in cropping systems were far below what could be achieved
if agricultural practices were improved. Rice cultivation in particular offers consider-
able scope for improving current low nitrogen use efficiencies, and appropriate crop
and soil management techniques can lead to significant yield increases. Lack of
knowledge, the absence of economic incentives and policies to support sustainable
management practices, as well as a shortage of labour are among the factors that
obstruct the realization of this potential increase in resource use efficiency.

The intensification of agricultural production, especially animal production, has
increased nitrogen emissions to the environment. Human health and ecosystem
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quality have also been negatively affected by the excessive use (and loss) of agro-
chemicals in vegetable production systems. In many Asian communities, dietary
change as a result of economic development, is posing new challenges to human
health as the increased incidence of nutritional diseases such as obesity and diabetes
in Thailand and the Philippines show. At local and regional levels, this nutrition
transition threatens food security and human health in different ways. The influence
that cultural factors exert over food security must also be taken into account. Within
Asian communities in India, Bangladesh and Pakistan, for example, the position of
women, traditional customs and the intra-household distribution of food have a
strong influence on the incidence of malnutrition.

In many parts of Asia, clean and safe water is a scarce resource and competition
for available water resources is intense. This indicates the need for research into
water-saving technologies and improved water use efficiency in agriculture. Another
challenge to food production is the increasing tendency to use fertile agricultural
land for non-agricultural purposes. The growing income disparity between rural and
urban areas continues to precipitate the migration of young men to urban and peri-
urban centres with far-reaching consequences for agricultural labour. As a result, in
many households women have been left to cope with the day-to-day management of
the farm.

In recent years, deforestation and climate change have been identified as
responsible for the increased incidence of flooding. In addition to floods, climate
change has increased the risk of high temperatures and the frequency of drought.
Together these factors have had a severe and negative impact on crop yields and
pose a serious threat to food security.

The growing importance of globalization and the increasing integration of farm
and non-farm activities pose new research challenges. Globalization means that
farmers are more exposed to the demands and influences of world markets. On the
one hand, there are questions pertaining to market access, adhering to high quality
standards (e.g., Eurepgap), and on the other hand, questions pertaining to the
management of local or traditional varieties, and the self-reliance of farmers vis-a-
vis multinational corporations (from seed companies, logging firms to the pesticide
industry). Institutional issues such as access to (world) markets, and natural resources
and (intellectual property) rights over natural resources are important topics in this
respect.

Research continues to be necessary in plant breeding, agronomy, farm manage-
ment, human nutrition and rural sociology in order to work jointly with communities
to attain the knowledge and technologies necessary to adapt to environmental
change, limit yield losses and identify the best land use options in the given local
biophysical and socio-economic settings.

Sub-Saharan Africa

In addition to global issues such as climate change and economic integration, there
are issues specific to Sub-Saharan Africa. In many parts, low yields, low land
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productivity and low labour productivity are common. This is because of poor soils,
low and erratic rainfall and the poverty that undermines the purchasing power of
many potential consumers.

Low and declining soil fertility is one of the major causes of poor yields and the
loss of fertile topsoil as a result of erosion and desertification has seriously reduced
the production potential of previously fertile lands. Opportunities to raise yields and
increase land and labour productivity through improved soil management and water
conservation rely heavily on the use of external (yield-increasing) inputs.

Climate change in recent years has increased the severity and frequency of
drought and this — in combination with the devastating impact of HIV/AIDS — has
significantly reduced the capacity of the rural labour force to maintain adequate and
nutritious food supplies, and many old people and children are left to fend for
themselves. Non-farm employment is an important source of income for many rural
households. Especially in remote and marginal areas, non-farm income derived from
migratory work often represents a crucial source of income.

In Sub-Saharan Africa, agricultural research needs to continue to address
problems such as the need to replenish soil nutrients and improve soil health.
Research into drought-resistant crops, the nutritional requirements of individual
household members and the availability of local resources such as micro-nutrient
rich plant species continue to be necessary to reduce malnutrition, secure food
resources and increase agricultural productivity. Research is also needed into crop
and farm management to enable farmers to adjust their agricultural practices to the
exigencies of environmental change. Besides a continued need for research in these
areas, the DLO-IC research programme has shown that there is also a need for
research into institutional barriers that rural communities in Africa face, such as a
lack of markets or market access, or access to or rights over natural resources. In this
context, the question of how such institutional barriers can be overcome within
different governance systems, is an important, if unanswered one.

AGRICULTURE AND ENVIRONMENT

Agriculture utilizes natural processes to produce the goods — both food and non-food
— needed to meet the demands of the growing world population. Agriculture
contributes to economic development by generating income and employment.
Paradoxically, however, economic growth and poverty reduction have led to a
decline in the relative importance of the agricultural sector.

In most developing countries, agriculture is still the main economic activity and
traditionally the key livelihood strategy in rural communities. It has also been
identified as being of prime importance in achieving development goals at national
and international levels. Agriculture is, therefore, at the forefront of shaping the
concept of sustainable development.

Agricultural land use may lead to damage to or destruction of the natural
resource base, undermining future production capacity and development options.
For various reasons, agricultural activities may result in environmental degradation.
The solution to the problems associated with these negative impacts lies not only in
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inducing changes in consumer diet and life style towards natural resource- and
material input-saving products, but also in ensuring that the agricultural sector takes
responsibility for finding ways to reduce the environmentally destructive impact of
its activities.

Here we address some of the most pressing environmental issues related to
agricultural land use and discuss how these are linked to rural development:

o Soil and land degradation;

e Chemical pollution of soil and water;
o Impact on biodiversity; and

o Climate change.

As might be expected, these issues are interrelated and share common causes, as
well as solution pathways. Some of these problems are well recognized and local,
national and international action is being taken to deal with them.

Knowledge plays a crucial role in signalling problems and identifying the
pathways. Lack of knowledge, insight or awareness at all decision-making scales
from international to the farm household, can lead to inappropriate action or no
action at all. At the farm household scale, decisions are translated into actions that
have a direct impact on the biophysical and socio-cultural environment.

Environmental issues were strongly embedded in research activities implemented
under the DLO-IC programme. The programme’s African soil fertility research projects
provide a particularly clear example of the approach. The initial observation that
declining soil fertility undermines the productive capacity of the land was developed
further and linked to the problem of food insecurity. As the projects evolved,
participatory on-farm research through farmer field schools provided input for the
development of integrated nutrient management strategies taking full account of
(macro-) economic aspects. A similar process can be identified in research carried
out in Asia into the effects of the inappropriate use of agro-chemicals on soil and
water quality. These two examples not only reveal the causal complexity of the
problems facing agriculture in developing countries, but also make clear that possible
solution pathways are not only complex, but are scale- and location-specific.

Agriculture is regularly criticized for having adverse effects on biological
diversity. The largest losses of wild biodiversity occur in situations where habitats
are destroyed and fragmented as a result of agricultural activities. Biodiversity is
also negatively affected by the environmental degradation caused by the physical,
chemical and biological impacts of intensive agricultural practices. These negative
impacts can be addressed by increasing agricultural resource use efficiencies and
land and labour productivity, leading to increased food supply without the need for
expansion of agricultural land.

The contribution of agriculture to biodiversity and its capacity to enrich
biological diversity is often overlooked. The crop and livestock species-, variety-
and breed-diversity available within agricultural systems provides the genetic base
for enhancing productivity. At the same time, however, it is important to realize that
the widespread introduction of modern high-yielding varieties has resulted in
disappearance of many traditional crop varieties. Farmers are the key to conserving
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and managing traditional crop and livestock varieties, as well as genetic diversity.
Farm households use a variety of traditional crops for a range of purposes (food,
medication, etc.). The conservation of diversity can be enhanced when conservation
goals are combined with economic goals, such as improved marketing, e.g., through
creating niche markets. Across the developing world, integrated participatory
approaches are being developed, aiming at strengthening seed systems, restoring and
improving local varieties, reducing pesticide and fertilizer use, and creating new
market channels for local products. The DLO-IC programme through its participa-
tion in the PEDIGREA project has made a major contribution to these approaches
by linking these goals with the farmer field school concept as an instrument to
increase impact and sustainability of interventions.

Climate change

Global climate change is one of the most pressing problems of our time. The effects
of climate change are local and vary among systems, sectors and regions. Climate
change affects all aspects of development. There is an urgent need to reduce the
emission of greenhouse gases into the atmosphere and, concurrently, agricultural
production systems will have to adapt to changing environmental conditions.

Agricultural land use is already affected by ongoing climatic change. Because
most crop production systems are adapted to certain ranges in temperature and water
availability, their productive capacity is severely curtailed by environmental change.
Semi-arid and arid areas in the (sub)tropics are particularly vulnerable to temp-
erature and rainfall change. In addition, changes in climatic conditions can
be expected to have direct negative effects on the availability of water and the
incidence and severity of pest infestation and diseases — conditions that lead to the
further destabilization of crop production.

Global ecosystems and development possibilities are vulnerable to the conse-
quences of climate change which, worldwide, has put the livelihoods of millions in
jeopardy. In communities where poverty and hunger are already endemic, rural
households have few resources to combat the effects of climate change.

Current agricultural land use, land management and land conversion practices, as
well as livestock husbandry contribute to emission of greenhouse gases and therefore
contribute to climate change. Future response strategies and sustainable develop-
ment pathways, therefore, need a two-fold approach: adaptation in response to
climate change and mitigation to reduce greenhouse gas emissions.

RURAL LIVELIHOODS

New approaches to understanding the dynamics of rural households have emerged in
recent years. The analysis of single production activities has been replaced by the
study of the household as a diversified enterprise. The rural household can be seen
as a centre of different types of enterprises, including non-farm activities that play
an important role in rural livelihood strategies. This holds even in areas traditionally
considered to be predominantly subsistence-oriented such as Sub-Saharan Africa.
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Non-farm activities have received little attention in agricultural research and
rural policy analysis. These activities and the income they generate, however, play a
key role in food security and sustainability. Access to non-agricultural income which
does not have the seasonal character of agricultural income, can provide farm
families with the means to purchase food. Although most non-farm incomes
originate from informal and thus insecure employment, they often do not correlate
with fluctuations in agricultural income and as such are important in diversifying
income risks and securing access to food. The location of non-farm employment
also has a direct effect on agricultural activities. If non-farm employment requires
temporary or permanent migration, less labour will be available for agricultural
production.

Non-farm activities also affect the sustainability of agricultural activities, both,
directly and indirectly. The pressure on natural resources, for example, may be
reduced when households have access to alternative sources of income. Soil nutrient
mining is a key issue in the African context and inorganic fertilizers can be an
important source of nutrients. Non-farm cash income can enable farmers to buy
fertilizers and increase the sustainability of their farms.

In contrast, in the Asian context, excessive use of fertilizers, pesticides and
herbicides is a major concern. Farm households engaged in non-farm activities may
not have sufficient labour available for intensive nutrient-efficient management
practices, such as site-specific nutrient management. In such situations, non-farm
activities may even threaten the sustainability of agricultural practices.

Research on sustainable agriculture and land use within the DLO-IC programme
shifted from purely technical studies that focus primarily on soil and water
management, to a broader perspective in order to take into account the activities of
rural households and their institutional environment. However, so far no explicit
attention has been given to the interaction between non-farm and farm activities.
Implicitly, the potential role of non-farm activities has been acknowledged by
collecting a limited amount of data on non-farm activities in projects aimed at
analysing sustainable land use.

These data indicate the necessity for a reorientation of the future research agenda
to include the role of non-farm activities in sustainable land use. The access of rural
households to non-farm activities depends to a large extent on the proximity of
urban centres where most non-agricultural activities take place. The influence of
distance is reflected in the relationship between non-farm income and total farm
income. Data show, this can range from 12% in remote areas to 35% in peri-urban
areas. Data also show that rural household members involved in non-farm activities
often no longer take part or invest in agricultural activities.

When analysing the factors that determine an individual’s access to non-farm
employment we find that, as might be expected, the usual components of household
endowments such as land and labour, and personal attributes such as gender and
education play a very significant role.

Coming from a large family and having little access to land, for example,
increases the likelihood that household members will seek non-farm employment
and it is usually the better-educated young males who work off-farm.
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The single strongest factors determining the extent to which non-farm employ-
ment plays a role in household income, however, is the distance to urban centres.
This suggests that policies to combat poverty through (local) non-farm employment
may have limited effect in remote areas. In these locations, migration may be the
only viable way of engaging in non-farm activities. The absence of young males for
extended periods of time has a serious effect on farm communities and the policy
and research implications of an increasingly female-dominated agriculture must be
explored.

Non-farm activities not only play an important role in combating rural poverty,
they may also have a direct effect on agricultural decision-making. Analysing
external input use in general, and use of inorganic fertilizer in particular, we do not
find non-farm income being correlated with external input use. However, being
located nearer to an urban area increasing the scope for non-farm employment,
reduces the likelihood of using external inputs in general and inorganic fertilizer in
particular. This suggests that the additional income derived from non-farm activities
is not used to substitute for the labour withdrawn from agriculture.

In the African context — to which most of our data refer — this furthermore
suggests that non-farm income may have a negative impact on nutrient balances.
Based on the data available so far, an analysis of the role of non-farm income on the
nitrogen balance does not indicate a significant effect. However, it is known that
African farm households, including those in the dataset, generally apply insufficient
organic and inorganic fertilizers, which makes soil nutrient mining a key issue.
Income from non-farm activities, however, does not appear to be invested in
agriculture. This finding indicates a possible trade-off between poverty reduction
and ecological sustainability concerns.

Our tentative analysis provides us with some initial insights into the relationship
between non-farm activities and agricultural production decisions. We conclude that
non-farm activities are central to household decision-making and influence future
agricultural production potentials. The implication here is that rural development
policies should take account of geographical factors that extend beyond agro-
ecological characteristics. Factors to be considered include: opportunities for and
access to non-agricultural employment, the development of individual capacity
(education) and the recognition of trade-offs that may exist between poverty
reduction and sustainability objectives.

LESSONS LEARNED
Based on the experiences in the DLO-IC programme we can identify a number of
lessons important for future research.

Lesson 1: Disciplinary science provides the basis

Initially, most activities were science-driven with a mono-disciplinary-orientation.
This was necessary to increase insight into underlying processes. It provided the
basis for the various, improved interdisciplinary research methods and tools needed
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for and useful in the design and evaluation of higher-scale systems in a considerable
number of agro-ecological zones and for (future-oriented) scenario studies. It is
important to continue strengthening the bases of disciplinary knowledge while
giving special attention to socio-economic research and its links with biophysical
and technology-oriented research.

Lesson 2: Solutions and new insights require inter-disciplinary and multi-scale
approaches

Inter-disciplinary, multi-scale research and integrated assessments that combine
insights and knowledge from different disciplines and scales are needed to deal with
the complexity of rural development and to support decision-making processes. This
approach allows new insights to be applied in targeted problem-solving and has the
potential to deliver solutions acceptable to the end-users. Understanding scale depen-
dencies and linkages is essential for defining successful policy and farm management
strategies. Further development of both, up-scaling and down-scaling methodologies
in biophysical and socio-economic environments is urgently needed.

Lesson 3: Reinforce focus on resource use efficiency

Substantial resource use efficiency gains are possible, especially for nutrients, water,
labour, energy and capital. Efficiency gains have the potential to alleviate pressure
on scarce resources, contribute positively to economic development and reduce the
environmental impacts of agriculture, including emission profiles and biodiversity.
Possible trade-offs should be identified and analysed explicitly — such as the socio-
cultural factors that constrain the adoption of new, more resource use efficient
technologies.

Lesson 4: Rural development is not equal to agricultural development

The importance of non-farm activities for the rural economy has largely been
ignored. Non-farm income-generating activities are, however, key elements in the
livelihood strategies of rural dwellers and are strongly linked to food security and
the environmental impacts of agriculture. In addition to research on agricultural
production, the research agenda for rural development should also consider non-
farm activities, institutional arrangements that facilitate rural development and
environmental services such as water, carbon and biodiversity.

Lesson 5: Crucial decision level: the farm household

Policies or technologies that are not consistent with the context in which farm
households operate will have little impact. Farm households weigh competing
claims on their land, labour and capital of different (agricultural and non-
agricultural) activities in the light of their household objectives. These objectives
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and the portfolio of possible household activities need to be taken into account when
designing policies or technologies.

Lesson 6: Agriculture and on-farm and off-farm biodiversity are tightly linked

Agronomists and environmentalists need to collaborate in taking local perspectives
as the starting point for development of new biodiversity management programmes.
Until now, lack of common understanding and of an operational framework have
strongly hampered successful implementation of such programmes. Local improve-
ment of germplasm integrates and complements breeding activities in the public
sector and contributes to conservation of agro-biodiversity and to rural development.

Lesson 7: Interaction increases impact

In addition to increasing interaction and integration between the different scientific
disciplines, attention must also be given to strengthening interaction with
stakeholder groups. Over time, participation and multi-disciplinarity, complemented
by capacity building, have become leading principles in research projects, reflecting
the insight that interaction with relevant stakeholders is an essential element in
translating insight into impact. Multi-disciplinary that evolves into inter-disciplinary
research, thus, implies building upon the knowledge and experience of the relevant
stakeholders (young and old, men and women, rich and poor). This entails a joint
learning process, in which the different groups of rural communities such as farmers,
researchers, policy makers, traders, NGOs, and other local resource managers learn
from and with each other within the context of the research project.

Lesson 8: Invest in involvement of stakeholders

Stakeholders’ capacities, involvement and relevance depend on cultural, institutional
and financial factors. An accurate identification and involvement of stakeholder
groups is essential for effective research and policy implementation. Communication
is a key element in this process. The identification and involvement of relevant
stakeholders is not always easy, as the same cultural, institutional and financial
factors may constrain some groups from actively participating (such as women,
landless, minority ethnic or religious groups). Additional care and effort must be put
into facilitating the involvement of less vocal and powerful stakeholders.

THE WAY AHEAD

Agriculture has played an important role in rural development processes in the past
and will continue to do so in the future. Agriculture, however, does not offer silver
bullets for eliminating poverty and promoting sustainable development. The role of
agriculture must be seen in its specific local context.
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Understanding the larger picture

Agriculture is high on global, regional and local development agendas. It functions
in relation to its human and natural environment, determining both its opportunities
and limitations. One needs to understand this general setting in which agriculture
operates in order to assess how agriculture contributes to sustainable development.
Most relevant for agriculture at the present time are the effect of WTO negotiations
and the impact of climate change. Guiding international policies are the MDGs that
so clearly reflect the principles of sustainable development. These provide the
framework for an ambitious global agenda to eradicate extreme poverty and hunger.

By promoting inter-disciplinary research, the DLO-IC programme has made an
important contribution to placing agricultural research in this perspective. Research
findings indicated the importance of a supportive macro-economic setting, institution
building, infrastructure, education and alternative earning opportunities for farm
households. The insights gained from this broader perspective indicate that future
work should not only continue, but also expand the scope of inter-disciplinary and
multi-scale research.

Only a combination of insights from all forms of science seems able to deal with
the formidable challenge of identifying the most promising policies for sustainable
development.

We argue that agriculture plays three specific roles in future rural development
strategies:

e A solid base for changing livelihoods;
e A sector providing high quality affordable food; and
e A provider of environmental services.

Each of these roles has its own specific research requirements. Clearly, the three
different roles for agriculture identified here are not mutually exclusive neither are
they per se in conflict. They do, however, call for a clear identification of the
dominant role of agriculture under local biophysical and socio-economic conditions
and the tailoring of research to meet these specific requirements.

Agriculture as a solid base for changing livelihoods

Developing countries are typically characterized by large agricultural populations
and most of the world’s poor live in rural communities in these countries.
Agriculture alone is insufficient to lift these communities out of poverty. They need
to move from a predominantly agriculture-based economy to one that is more
industry- and services-oriented. In the developed world, agriculture played a key
role in this process by providing a stable basis from which members of rural
households could venture into other sectors of the economy while maintaining the
security of their farm base. Supporting developing countries in a structural
transformation of their economies requires an understanding of the institutional and
social setting, the processes of change and the environmental implications.
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In terms of agricultural research one could focus, for example, on ensuring stable
production, by providing technologies tailored to female-dominated agricultural
households (since males tend to migrate first to urban areas), where possible
generating surpluses that allow households to invest in profitable enterprises either
within or outside the agricultural sector.

It will also be necessary to look at ‘exit strategies’ to enable households living in
adverse biophysical and socio-economic settings to move out of agriculture. This
may involve investments in education and infrastructure, allowing households to
access alternative sources of income.

Agriculture as a sector providing high quality affordable food

Against the background of continuing population growth and the changing dietary
patterns, agriculture continues to play a key role in ensuring the sustainable supply
of safe food at affordable prices. However, many farm households in developing
countries are disadvantaged by ongoing globalization, as well as by constraints in
the biophysical and socio-economic environment.

Continued investments in agricultural research are needed to overcome these
disadvantages. Biophysical improvements, particularly in the field of plant breeding
and best agricultural practices, are required in order to increase crop yield potentials,
close yield gaps, and increase resource use efficiencies. That should be comple-
mented by farmer-based strategies exploiting local capabilities to increase and
diversify production and contribute to environmental sustainability. Land and labour
productivity will be increased in this way, creating economic incentives for farm
households to produce food in an environmental-friendly way (maintaining resource
quality and protecting biodiversity) that is consistent with consumer demands,
including local diversity.

Overcoming constraints that emanate from globalization and adverse economic
environments requires additional policy research. Research on the scope for
agricultural growth needs to be placed in the larger context of increasingly open
economies affecting local food markets, the influence of the macro-economic
environment as reflected in taxes and relative prices and the impact that the
internationalization of agricultural enterprises has on ‘rural economic structures’.

Possible implications of expected population growth, dietary changes and
climate change for increased food and feed production and associated claims on
resources (such as arable land) should be assessed in relation to claims for non-food
or non-agricultural use of resources. The provision of biofuels may, for instance,
become an important factor leading to fiercer competition for scarce resources in the
near future.

Agriculture as provider of environmental services

The multi-functional character of agriculture should enable it to generate more than
the traditional benefits of employment, income, food, feed and fibre. It has the
capacity to contribute to providing services such as protecting soil and water
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resources, conserving biodiversity on-farm and off-farm, preserving the landscape
and providing an environment for tourism and the well-being of human and animal
life.

Most interesting perhaps, are the emerging opportunities to provide clean water
and sequester carbon as environmental services through creating markets for such
services. These new options go beyond the traditional approaches of conservation
and the environmentally sound use of natural resources. Whereas the price of clean
water can be negotiated between various stakeholders, specific institutional arrange-
ments, as well as political will, are needed to turn a public good into a private,
tradable good — such as in the case of creating a carbon market. Whether and how
other services, such as soil protection, the conservation of biodiversity and lands-
capes and the encouragement of tourism can contribute to sustainable development
pathways in different settings requires further investigation. Not much research has
been done so far into the topic of which specific institutional arrangements are
required to establish markets for environmental services. This also suggests that the
scope of research needs to be widened to include important rural development
issues, rather than being restricted to agriculture.
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AGRICULTURE IN A DYNAMIC WORLD
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Through a combination of technological progress and economic policy convergence,
globalization has markedly changed the setting for agriculture during the last
decade. Through trade and international agreements, global changes increasingly
affect development options for both industrialized and developing economies. At
national level, continued population growth, expanding economies and urbanization
have, especially in densely-populated areas, led to unprecedented competition for
land and water resources between agriculture and other uses such as infrastructure,
urban, industry and recreation/nature. This challenges the agricultural sector to
produce sufficient, more diverse and safe food, fibre products and feedstocks for
biofuel in a sustainable manner. This has to be achieved in an increasingly
competitive and globalizing economy. Meeting these challenges requires significant
changes in the way agriculture and the value chain are organized.
Some of the major changes affecting agriculture are:

e Globalization of trade, stimulating rapid expansion of the production of high-
value agricultural commodities;

o Increasing impact of consumer preferences on agricultural production activities
and quality standards;
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o Urbanization processes, industrial development and access to information
technology leading to a reduction in cultivated area, especially in the land area
for less-remunerative cereal production;

o Impacts of global environmental changes, particularly climate change induced
risks on decision making, and the increasing societal concern with respect to the
conservation and use of (agro-)biodiversity.

Various studies have addressed the impacts of these changes on agricultural sector
development, poverty and food security at the national level in developing countries.
However, relatively little is known about the impacts at lower levels. Linking global
policy processes such as the WTO'-agreements, the World Summit on Sustainable
Development (WSSD, Johannesburg 2002), the Kyoto protocol and other international
environmental agreements/conventions (CBD, CCD, UNFCCC) to responses at
regional and local level is essential for furthering sustainable development. The
understanding of the responses to changing political, economic and environmental
contexts will determine how successful and sustainable selected development path-
ways will be.

Research projects executed by Wageningen University and Research centre
(Wageningen UR) addressed challenges to sustainable development in various agro-
ecosystems and regions in the South. These studies have been supported by the
Dutch Ministry of Agriculture, Nature and Food Quality (LNV) through its DLO
International Cooperation (DLO-IC) programme. In the course of 2005, LNV
developed a new vision on the role of agricultural knowledge and science for
development (LNV 2005) to guide its future activities. In the context of this
reorientation, a multi-disciplinary group of Wageningen scientists were invited to
evaluate and extract lessons learned from past projects in the framework of the
DLO-IC programme. This evaluation resulted in the current book.

A common leitmotiv in the DLO-IC research programme has been to mobilize
and integrate local and international knowledge for reconciling conflicts between the
multi-facetted development and land use objectives in rapidly changing rural areas.
The extensive networks and research capacity developed over the years in
conducting these studies constitute important assets in designing and implementing
feasible solutions and have great potential for linking the local-scale options and
constraints to the global development agendas.

By 2005, some 70 collaborative North-South projects had been carried out. All
science groups of Wageningen UR® were involved in the implementation of the
programme and at least half the projects and activities undertaken were directly
related to the research theme ‘Rural development and sustainable agriculture’.

In recent years, there has been a search for more sustainable development
strategies. This has direct implications for agriculture, given its relationships with
the natural resource base and its prime economic importance in low-income

! A list of acronyms is given in front of the book.

* www.wur.nl/UK/research

3 The other themes covering specific topics on global food chains, agro-biodiversity, nature
management, enabling policies, and water.
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countries. We identify three areas where agriculture can make a critical contribution:
alleviating poverty, protecting natural resources and increasing food security. These
areas are directly related to two Millennium Development Goals (MDGs)*:
eradicating extreme poverty and hunger (MDG 1) and ensuring environmental
sustainability (MDG 7).

Major successes of the DLO-IC research programme include scientific work that
has resulted in innovative methods to quantify nutrient flows and balances in agro-
ecosystems. This work has created scientific and public awareness of the importance
of nutrient depletion and has triggered policy reforms in Sub-Saharan Africa
(Smaling 1998; Heerink 2005; Koning and Smaling 2005; Gachimbi et al. 2005; De
Jager et al. 2005; La Rovere et al. 2005; Giller et al. 2006). Another research line
with a significant impact on research capacity building and agro-technology design
in Asia resulted in state-of-the-art methods for quantitative assessment of crop yield
gaps and resource constraints and for identification of improved natural resource
management options at field, farm and regional scales (e.g., in rice-based eco-
systems of South and South-east Asia) (Ten Berge et al. 1997; Kropff et al. 1997,
Teng et al. 1997; Dobermann et al. 2000; Van Ittersum et al. 2003; Hazell et al.
2005). A third line of work, focusing on integration of biophysical and socio-
economic aspects for land use policy analysis, through bio-economic modelling, is
having impact on policy formulation at (sub-)national level in the different
continents of the South (Kuyvenhoven et al. 1998; Bouman et al. 2000; Aggarwal
et al. 2001; Stoorvogel and Antle 2001; Struif Bontkes and Van Keulen 2003; Van
Ittersum et al. 2004; Ruben et al. 2004; Roetter et al. 2005, 2007; Bouma et al.
2007).

The quality of the scientific work, combined with considerable investments in
capacity building of National Agricultural Research Systems (NARS) in low-income
countries in applying the new concepts and techniques, resulted in wide diffusion of
knowledge and skills (e.g., in well-known research programmes and/or in form of
models such as SARP, NUTMON, DSSAT, REPOSA, SYSNET) (ISNAR 2004).
Applications of acquired knowledge, insights and techniques and dissemination of
results have, among others, created awareness, fed public debates and triggered
policy analyses on issues such as: soil nutrient mining in Africa, causes of and
strategies to overcome stagnating or declining yields, effects of emissions from
intensive cropping on the environment in Asia, and stakeholder involvement in
research processes addressing the various sustainability dimensions in agricultural
development and resource use.

A key factor for success has been the intimate collaboration of the various
science groups at Wageningen UR and their partners in the South. In that
collaborative mode, it was possible to support shaping of policies on agricultural
development and environmental issues and identifying successful interventions from
local (e.g., provincial and district rural development plans) to international level
(e.g., in the framework of IPCC Assessments; InterAcademy Council 2004,
Millennium Ecosystem Assessment 2005; UN Millennium Project, Task force

4 . .
www.un.org/millenniumgoals
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reports; International Assessment of Agricultural Science and Technology for
Development (IAASTD)). In retrospect, we may conclude that Wageningen
scientists substantially contributed to the scientific challenges expressed during ‘The
Future of the Land’ conference (Fresco et al. 1994).

Though considerable progress has been made in research, capacity building and
policy-oriented activities, the efforts have often been fragmentary. Separate projects
have led to insufficient attention for synthesizing results to further support policy
formulation and evaluation. Fragmentation also prevented full exploitation of the
potential to contribute to public debates on rural development and sustainable
agriculture and the role that agricultural knowledge, science and technology can play
in furthering sustainable development in the South.

In this book, we draw lessons from past projects to contribute to future thinking
about issues such as poverty alleviation, increasing food security and natural
resources conservation. Our conclusions stress the strategic role of agriculture in
development processes. This can be more specifically defined in terms of three
different roles of agriculture:

e Provide a stable basis for changing livelihoods (e.g. facilitating the gradual
transition out of agriculture into other sectors of the economy);

o Provide sufficient affordable food of the quality needed to sustain a growing
world population; and

» Deliver essential environmental services.

The relative significance of these three functions is, of necessity, location-specific.
These three roles are neither mutually exclusive, nor necessarily in conflict with
each other. They do, however, make it essential that the dominant role of agriculture
in specific settings is identified, so that research can be tailored accordingly.

We start by placing the changing role of agriculture in a Historical perspective.
Ensuring the production of sufficient food to meet the needs of a growing population
has long been the focus of agricultural research and in Food security we acknow-
ledge this as a continuing and major concern, while drawing attention to the
increasing role of food quality to respond to the increasing consumer influence. At
the same time, however, increasing agricultural production often has had serious
environmental repercussions. As we show in Agriculture and environment, the
production decisions made by rural households affect both the environment and the
way natural resources are managed. As such, they play a significant role in
determining the extent to which policy objectives can be achieved. Decisions taken
at household level not only determine actual levels of agricultural production (food
security objectives), they also affect the long-term quality of local natural resources
and their capacity to support production (sustainability objectives).

The majority of the world’s poor live in the rural areas of developing countries.
Rural households are, therefore, a major target group in poverty reduction policies.
As we make clear in Rural livelihoods, non-farm activities are an essential part of
community and household activities and livelihoods. We conclude that analysing
and interpreting the interactions between farm and non-farm activities is a particularly
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fruitful line of future research. In Lessons learned we draw together the issues raised
and reflect on the future role of agriculture.
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INTRODUCTION

Agricultural development during the last 50 years has been shaped by three
persistent forces of change: globalization, technology and people. Globalization is
the force that is increasingly shifting the focus from domestic to international
opportunities, as world markets become more accessible. Improved technologies
represent forces that are improving the ability to produce and deliver what consumers
want and people are exerting their influence, either directly as consumers, or
indirectly as custodians of the environment in which food and fibre products are
produced. These three forces do not act independently of course, but they interact.
Moreover, the relative importance of the three forces has varied, both, in the course
of time, and in different regions and/or countries. In this chapter, a broad overview
is given of global agricultural and rural developments since World War II (WWII),
the forces that shaped their dynamics and their interactions with society.

GLOBAL CHANGE AND AGRICULTURAL DEVELOPMENT: THE PAST

Schematically three periods are distinguished, the period of reconstruction (1945-
1974), covering the immediate post-war period, with strong emphasis on food
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security, until the time that food supplies were more or less secure; it includes the
early phase of the Green Revolution period, starting in about 1960; the age of
uncertainty (1975-1985), with emphasis on parity farm income in the Western
world, growing overproduction of food, and trade wars until the Uruguay Round of
the GATT (General Agreement on Trade and Tariffs, the predecessor of the World
Trade Organization), emergence of environmental concerns; consolidation of the
Green Revolution in the Developing World, attention for adoption of the associated
technologies in ‘less-favoured areas’; and the age of adjustment (1986-2001),
characterized by increasing attention for environmental issues, rapid globalization
and integration, emergence of information and communication technology.

The period of reconstruction (1945-1974)

Although agricultural developments differed among individual countries, in broad
lines, a distinction can be made between the developed (in this period largely
equivalent to the ‘Western’, industrialized) countries and the developing countries
that at the end of WWII were largely ruled as colonies, and became independent in
the course of this period.

Developed countries

In the aftermath of World War II, when many countries, especially in Europe, had
suffered food shortages, the main objective of agricultural policy in the developed
economies was to ensure adequate supplies of food. The dominant driving force for
change was policy focusing on the consumer. The major concern was the need to
stimulate agricultural production using improved technologies and monetary incen-
tives. Consequently, this period was characterized by spectacular production gains
(De Wit 1986), through: (i) rapid integration of mechanization into farming activities,
(i) increased use of inputs, such as fertilizers and other agro-chemicals and adoption
of crop varieties that effectively could utilize these inputs, (iii) increased levels of
state-funded research and development, particularly in plant and animal genetics,
and farm management. In this period, the Common Agricultural Policy (CAP) of the
European (then Community and currently) Union (further referred to as EU) was
formulated and implemented, following the Treaty of Rome (1958).

After restoration of the food supply, government concern increasingly shifted
towards supporting farmers’ standards of living. Technological innovation remained
important, but the social welfare of rural communities and income parity for primary
producers became dominant issues in agricultural policies. In a review of agri-
cultural policies of developed countries, James (1971) identified similarities in
policy objectives between the USA, Australia and the EU in terms of their desire to
stabilize agricultural prices and the necessity to ensure an equitable standard of
living for the rural communities.

These objectives can be recognized in the objectives of the CAP, as formulated
in the Treaty of Rome (1958): (i) guarantee food supplies at stable and reasonable
prices; (ii) ensure a fair standard of living for farmers, and (iii) improve agricultural
productivity through technical progress, and develop more rational production
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systems that employ resources, especially labour, more efficiently. Those goals reflected
widespread rural welfare problems, the relative backwardness of agricultural pro-
duction in many areas, and a continuing concern for secure food supplies. Agriculture
also had real political power, as it presented a large ‘agricultural vote’, comprising a
substantial proportion of the total electorate, i.e., over a quarter in France, Italy, and
Luxembourg. The CAP, adopted by the original six members of the European
Community was consistent with the highly interventionist and protective policies
previously maintained by the individual members.

The CAP produced spectacular results in terms of technical progress and produc-
tion. The Community soon achieved self-sufficiency and then started generating
cyclical and structural surpluses. However, despite the massive assistance measures
of the national governments and the EU, average farm incomes kept falling as a
result of imbalances between the supply of and demand for agricultural products. In
essence, the productivity gains that resulted from investments in research and devel-
opment were outstripping rises in consumer demands for food and fibre products. As
a result, by the early 1970s such a persistent decline in farmers’ terms of trade' was
evident that it placed farm reconstruction firmly on the political agenda.

Developing countries

Agricultural development was neglected in most developing countries during this
period. Developing countries were bent on industrializing, and cheap cereal and feed
imports (largely from developed countries) provided substitutes for the expansion of
domestic grain-agriculture. The Green Revolution® technology, further explained
below, became available for adoption towards the middle of the period and was
disseminated to medium-to-large commercial farmers in the more well-endowed
regions of developing countries. However, on average, productivity growth in food-
agriculture was slow prior to the 1975-85 period; incentives to farmers were
minimal; agricultural terms of trade were kept low to provide low-priced food for
the urban population as a measure to enable maintenance of low wages in
manufacturing. Export-agriculture was ‘taxed’ through parastatals, paying below
world-market prices with the aim (not generally realized) of using the proceeds to
finance industrialization. Public investment in agricultural infrastructure was generally
below 15% of total investment, and tended to favour large commercial farms and
export-agriculture.

During this period, international concerns over lagging development and the
specter of famine in many poorer countries mounted, as underscored by the Pearson
Report of 1969 and the Tinbergen Report of 1970. In 1969, the Development
Assistance Committee (DAC) of the Organization for Economic Cooperation and

" Terms of trade is the ratio of prices received to prices paid; a declining terms of trade
indicates that farmers’ profit margins are being reduced — referred to by economists as
‘cost/price squeeze’.

% Term coined by U.S. Agency for International Development director William Gaud (March
1968), referring to a massive effort to increase yields of the major cereals (wheat, rice, maize)
by using: (i) new crop varieties, (ii) irrigation, (iii) chemical fertilizers, (iv) pesticides and
other biocides, and (v) mechanization.
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Development (OECD) introduced the concept of Official Development Assistance
(ODA), and in 1970, the General Assembly of the United Nations proposed donor
countries to allocate 0.7% of their Gross National Product (GNP) to ODA.

Many of the developing countries had just achieved independence from their
respective colonizers. The Food and Agriculture Organization of the United Nations
(FAO) in collaboration with many (inter)national agencies developed the concept of
a Green Revolution to increase the yields of cereals, comparable to the develop-
ments in cereal production in the USA and European countries. The Green
Revolution originated from breeding studies on wheat, begun in Mexico in the
1940s by the Rockefeller Foundation, and was institutionalized with the establish-
ment of the International Maize and Wheat Improvement Center (CIMMYT) in
1966 by the Rockefeller Foundation and the government of Mexico. CIMMYT
included maize in its work programme. The agricultural practices promoted were
based on the science founded by Von Liebig (1855) and his contemporaries. One
stated purpose was to increase food production in the face of recurrent famines and
increasing food scarcity as a result of increasing populations. Yet, an important
intention was the creation of a growing market for farm inputs.

The strategy of the Green Revolution was to concentrate inputs and services on a
few major crops, such as wheat, rice, and corn on the best arable lands and for the
better-off farmers. Some critics, chiefly concerned with the social implications,
denounced these provisions. They argued that many farmers were excluded from
what was perceived as progress.

In South-cast Asia, the International Rice Research Institute (IRRI) was
established in Los Bafios in the Philippines in 1960, with major financial support
from the Rockefeller and Ford Foundations. In the 1970s, IRRI and other interna-
tional research centres for international and tropical agriculture became members of
the Consultative Group on International Agricultural Research (CGIAR), supported
by various international organizations including the World Bank and a large number
of developed countries. Today, the Group provides the umbrella for a range of
(currently: 15) international research institutes. While CIMMYT and IRRI were
commodity-oriented, most of the other CGIAR institutions concentrated on farming
systems, but have often similarly promoted input-intensive farming schemes.

IRRI’s first major activity after its establishment was to breed rice lines that
would allow application of higher doses of fertilizer. The modern rice varieties can
cope well with high doses of nitrogen fertilizer, whereas the traditional varieties
tended to lodge. The new lines were also no longer photosensitive, so that they could
be planted year-round, thus, strongly promoting multiple cropping.

In 1966, IRRI began to distribute seeds of the so-called High-Yielding Variety
(HYV) IRS8, which were mostly distributed as a package combined with chemical
fertilizers. Pesticides followed soon, since the new variety was more susceptible to
pests and diseases. The new practices became dominant within a few years in
several South-east Asian countries. At first, the results of the these HYVs were
convincing. Yields doubled or even tripled, similarly to those for wheat (Evenson
and Gollin 2003). Later, similar developments were achieved in maize. Evidently,
the increased yields were only possible with the help of substantial quantities of
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chemical inputs, so that the Green Revolution technologies created a need for
chemical inputs.

Another component of the Green Revolution was the establishment of large-scale
irrigation systems through construction of big dams and often flooding of previously
settled areas and fertile farmland. The efficiency of large irrigation networks was
and still is the subject of controversies.

The Green Revolution introduced also new machines for land preparation and a
set of harvest and post-harvest technologies. Of all implements, the so-called power
tiller had the most far-reaching effect on the soil. Puddling of the paddy soil with
this machine destroys much of the natural soil structure and mixes the soil particles
thoroughly.

The use of HY Vs and chemical inputs soon became the dominant practice among
farmers, and growing crops for subsistence gave way to the production of cash
Crops.

Age of uncertainty (1975-1985)

Developed countries

In this period, farmers increasingly protested against the forces of globalization and
the reform of international trade under the General Agreement on Tariffs and Trade.
The GATT was signed in 1948 with the aim to provide a forum for negotiation of
tariff reduction, and the elimination of non-tariff barriers such as quota and
embargoes. Important aspects of the GATT in this context included: (i) tariffs were
permitted, but their rates were bound and could only be increased under explicitly
specified waiver provisions; (ii) practices of dumping and subsidizing exports were
prohibited and a process for determining anti-dumping and/or countervailing duties
was explicitly formulated; (iii) quantitative restrictions such as quota and licenses
were prohibited. In practice, GATT was relatively ineffective with respect to
international trade in agricultural products, because of wide-spread exemptions for
agriculture, the substantial waivers that were granted, breaches of rules that were
accepted, and the ineffective ways of dealing with important questions such as
subsidies and state trading (Harris 1982).

Developing countries

After more than a decade, in spite of the all-out support by governments and
international institutions, the seeming success of the Green Revolution began to
loose some of its brilliance (Conway and Barbier 1990). First, social concerns took
the centre stage of the critique. Successful performance of HYVs required use of
substantial quantities of chemical inputs. As many of the small farmers could not
afford these, they had to borrow money. To some extent, government programmes
provided loans to farmers so that they could avail of the package of seeds, fertilizers
and biocides. Farmers that could not participate in this kind of programmes had to
borrow from the private sector. Because of the exorbitant interest rates for informal
loans, many small farmers did not even reap the benefits of higher yields. After
harvest, they had to sell an increasing share of their produce to pay loans and
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interest. Thus, they became more dependent on moneylenders and traders and often
lost their land to them, even with the soft loans from government agencies.

Subsequently, critics increasingly brought environmental aspects into the
discussion. Since the late 1980s, scientists at CIMMYT and IRRI acknowledged the
problems associated with indiscriminate pesticide use and the decreasing soil
fertility (and yields) in fields continuously cropped with high-intensity cereal crops
(Cassman et al. 1995; Dobermann et al. 2000). The use of HYVs and chemical
inputs as the dominant practice among especially well-endowed farmers, led to a
situation where farmers disregarded other means of yield improvement for a long
time. Official programmes to compare methods using high external inputs (the
chemical way of farming) with traditional practices only started to gain ground again
in the 1990s.

Age of adjustment (1986-2001)

Developed countries
This period is characterized by continuing large-scale industrialization of agricultural
production, with as its main consequences:

e Change from producing commodities to manufacturing products;

o Emphasis on the systems approach, with increased emphasis on the entire food
chain from raw materials supplier to end-user;

o Re-alignment, with increasing specialization that separates ownership, operation
and location of various production activities, new alliances are formed;

e Negotiated coordination, in which attempts are being made to system adjustment
in response to changes in consumer demand, economic conditions and technolo-
gical improvements;

o Risk management, where production and price risk can be reduced, the emphasis
on the chain approach increases the risk associated with partnership selection,
integration and performance;

o Changing power relations, where concentration, specialization and coordination
stimulate opportunistic behaviour by value chain partners;

o Information technology development, where technical and consumer information
enhance the value chain’s competitive position within a market.

In terms of technological developments, this period is characterized by new product
development through biotechnology, active packaging, increased production
efficiency through application of precision farming, biotechnology, integrated pest
management, strong development of logistics through integrated transport and storage
systems, and improved preservation systems and the communication ‘revolution’,
through electronic data exchange.

Developing countries
For the developing countries, an event with major impact in this period was the
disappearance of the Soviet-Union, which effectively ended the Cold War. This
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resulted in several important changes through market-based economic liberalization
and globalization. Farming that had no comparative advantage, because it was under
policy protection has been exposed to the giant international market. One of the
important factors behind the establishment of the Millennium Development Goals
(MDGs)® was a decline in development aid to the least-developed countries, after the
Cold War, by about 30% by West-Bloc countries and by some 50%, if assistance
from East-Bloc countries is included. As a result, developing countries, where the
agricultural sector occupies a major share of the economies and more than half of
the populations depend on agriculture for a living, sought to switch from self-
sufficient to commercial agriculture in an effort to cope with the impact of the
international market. Meanwhile, the number of poor people has increased and the
gap between rich and poor has expanded, as small farmers started contract
production under large farm owners or as they lost their farm land to become tenant
farmers or farm labourers — some of the negative impacts of globalization.

Within that context, many developing countries are preparing Poverty Reduction
Strategy Papers (PRSP) in return for receiving financial support from the World
Bank, through the International Development Association (IDA), the Bank’s branch
for the poorest countries. This indicates that they face a situation where they find it
extremely difficult to come up with their own visions of development just by dealing
with individual development issues; they have no option other than to introduce
more comprehensive approaches. In dealing with the poverty issue, the MDGs
emphasize “a fair distribution of the results of economic growth and implementation
of cooperation focused on aid to the poor as its direct goal”. It also points to the
importance of “support for poor rural areas in remedying regional disparities, along
with aid for basic education, health and medical care, safe water supplies as well as
support for women in developing countries”. PRSPs also emphasize ‘human
security’.

A major challenge to the agricultural industry in the developing world,
associated with the increasing globalization and liberalization is to find out how to
abandon a culture of opportunism in their business dealings with suppliers and
buyers and replace it with trust and transparency and that in a continuous struggle to
sustain economic viability.

GLOBAL CHANGE AND RURAL DEVELOPMENT: THE PRESENT

CAP reform — a long-term perspective for sustainable agriculture

In June 2003, EU farm ministers adopted a fundamental reform of the Common
Agricultural Policy (CAP). This reform completely changed the way the EU sup-
ports its farm sector. The new CAP is geared towards consumers and taxpayers,
while giving EU farmers the freedom to produce what the market wants. Eventually,
the vast majority of subsidies will be paid independently from the volume of
production. To avoid abandonment of production, Member States are allowed to

3 . .
www.un.org/millenniumgoals
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maintain a limited link between subsidy and production under well defined
conditions and within clear limits. These new ‘single farm payments’ that will come
into effect in 2008, are linked to the respect of environmental, food safety and
animal welfare standards. Severing the link between subsidies and production has
made EU farmers more competitive and market-orientated, while providing the
necessary income stability. More money is available to farmers for environmental,
quality and animal welfare programmes as a result of reducing direct payments for
bigger farms. Within the reform, a number of the commodity (milk, rice, cereals,
durum wheat, dried fodder and nut) sectors have also been revised. This reform will
also strengthen the EU’s negotiating hand in the ongoing WTO trade talks.

Key elements of the reformed CAP

o A single farm payment for EU farmers, independent from production; a limited
number of coupled elements may be maintained to avoid abandonment of
production;

o This payment will be linked to the respect of environmental, food safety, animal
and plant health and animal welfare standards, as well as to the requirement to
keep all farmland in good agricultural and environmental condition (‘cross-
compliance’);

e A strengthened rural development policy with more EU money, new measures to
promote the environment, quality and animal welfare and to help farmers to meet
EU production standards, started in 2005;

e A reduction in direct payments (‘modulation’) for bigger farms to finance the
new rural development policy;

e Revisions to the market policy of the CAP:

- Asymmetric price cuts in the milk sector: the intervention price for butter will
be reduced by 25% over four years, which is an additional price cut of 10%
compared to Agenda 2000, for skimmed milk powder, a 15% reduction over
three years, as agreed in Agenda 2000, is retained;

- Reduction in the monthly increments in the cereals sector by half, the current
intervention price will be maintained,;

- Reforms in the rice, durum wheat, nuts, starch potatoes and dried fodder sectors.

WTO

Within the framework of WTO the most recent round of ministerial negotiations was
held in December 2005 in Hong Kong. The role of WTO may be expected to
become more important, now that China also has become a member. In preparation
for the Hong Kong-meeting, the General Council concluded in mid-2005 that the
Doha Round talks have reached a sticking point within both agriculture and NAMA
(Non-Agriculture Market Access). It was stressed that progress must be made on all
the three pillars of the agriculture negotiations in parallel (i) export competition is
the most advanced area of the talks, (ii) domestic support, where agreement should
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be reached with respect to the degree and timing of moving away from trade-
distorting support, (ii1) market access, where the main issue yet to be resolved is the

type of tariff reduction formula to be used.

The WTO Ministerial Meeting in Hong Kong made some progress in advancing
the Doha Development Agenda. But much remains to be done, particularly in
settling negotiating modalities in agriculture and NAMA and in putting some flesh
onto the bones of the GATS (General Agreement on Trade in Services). And where
progress was made it was qualified, whether in dealing with the concerns of African
cotton producers or in improving market access for the products of the least-
developed countries. Given the work still to do, it is not guaranteed that new dead-
lines will be met or that the DDA (Doha Development Agenda) will be concluded
on time. There is much at stake should the momentum of multi-lateral liberalization
stall; analysis at the OECD (Organization for Economic Cooperation and Develop-
ment) points to the risk of both major opportunities forgone and of systemic strains
to the multi-lateral trading framework. Developing countries would be among the
principal losers. Charting the way ahead will require that trade policy be seen in a
broader domestic context which recognizes that market opening works best when it
is backed by sound macro-economic policies, flexible labour markets, a culture of
competition and strong institutions. Through this lens, trade reform can be promoted
as a necessary tool of growth and development rather than as a concession paid to
others.

In agriculture, some progress was made under all three pillars of sustainability.
In market access, the revised ministerial text formalizes the ‘working hypothesis’ on
structuring Members’ tariffs for reduction within four bands, with bigger cuts on
higher tariffs. On domestic support, the text confirms the ‘working hypothesis’ that
the Aggregate Measure of Support would be classified in three bands.

The EU will be in the top band, facing the highest linear tariff cuts, the US and
Japan in the middle and everyone else in the bottom band. Notably, the text specifies
explicitly the necessary overall cuts in trade-distorting domestic support, to make it
more difficult for countries to simply re-classify subsidies in order to dodge
reduction commitments. And for export competition, the text calls for the “parallel
elimination of all forms of export subsidies and disciplines on all export measures
with equivalent effect” by the end of 2013, with a substantial part of the elimination
to be realized by the end of the first half of the implementation period.

Cotton was for many the litmus test of success in Hong Kong. Here, agreement
was reached that developed countries will give duty-free and quota-free access to
least-developed country exports as of the conclusion of Doha Round negotiations.
Developed countries (i.e., the US) will eliminate export subsidies in 2006. The text
also provides for faster and deeper reductions in trade-distorting domestic subsidies
to cotton than those that will be achieved through the general schedules for domestic
farm subsidies.

In NAMA, the text provides for bigger cuts for higher tariffs. Importantly, the
text links the level of ambition for agriculture and NAMA, specifying that this
ambition is to be achieved in a balanced and proportionate manner consistent with
the principle of special and differential treatment. And, in a key element of the
development package, agreement was reached on the principle that developed



16 H. VAN KEULEN

countries, and developing countries declaring themselves able to do so, should
provide, on a lasting basis, duty-free and quota-free access for exports from least-

developed countries by 2008.

The Millennium Development Goals

The MDGs set by world leaders at the Millennium Summit in September 2000
represent an ambitious agenda for reducing poverty and improving lives. The eight
MDGs — that include halving extreme poverty to halting the spread of HIV/AIDS
and providing universal primary education, all by the target date of 2015 — form a
blueprint agreed to by all the world’s countries and all the world’s leading
development institutions. They have galvanized unprecedented efforts to meet the
needs of the world’s poorest. First, the MDGs are people-centred, time-bound and
measurable. Second, they are based on a global partnership, stressing the responsi-
bilities of developing countries for getting their own house in order, and of
developed countries for supporting those efforts. Third, they have unprecedented
political support, embraced at the highest levels by developed and developing
countries, civil society and major development institutions alike. Fourth, they are
attainable.

SOCIETAL REACTIONS

Following WWII, the major societal concern in the developed world was restoration
of the food production (capacity), partly in response to the devastating effects of the
war, partly in response to the rapid population increase, associated with technological
developments in medicine. As indicated above, government policies were directed
towards increasing agricultural production through technological innovation, strongly
supported by public expenditure in agricultural research and development, which
resulted in rapid intensification of agricultural production. Societal concerns with
respect to the negative aspects of this agricultural intensification, based on increasing
use of agro-chemicals, did not come to the fore until the early 1960s.

Silent Spring (Rachel Carson 1962)

In Silent Spring, Carson meticulously described how DDT* entered the food chain
and accumulated in the fatty tissues of animals, including human beings, and caused
cancer and genetic damage. A single application on a crop, she wrote, killed insects
for weeks and months, and not only the targeted insects but countless more, and
remained toxic in the environment even after it was diluted by rainwater. Carson
concluded that DDT and other pesticides had irrevocably harmed bird and animal
populations and had contaminated the entire world food supply.

The most important legacy of Silent Spring was a new public awareness that
nature was vulnerable to human intervention, i.e., at times, technological progress

* Dichlorodiphenyltrichloroethane is a pesticide once widely used to control insects in
agriculture and insects that carry diseases such as malaria.
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could be so fundamentally at odds with natural processes that it must be curtailed.
Conservation had never raised much broad public interest, as few people really
worried about the disappearance of wilderness. But the threats Carson outlined — the
contamination of the food chain, cancer, genetic damage, the deaths of entire species
— were too frightening to ignore. For the first time, the need to regulate industry in
order to protect the environment became widely accepted, and environmentalism
was born.

Criticism of the Green Revolution

Following initial enthusiasm about the ‘magic’ of the Green Revolution, that had
resulted in substantial increases in food production, especially in developing countries
and, thus, reduced the risks of widespread famine, critical notes were gradually
developing.

The scale issue — Early evidence from India suggested that small-scale farmers were
not adopting Green Revolution seeds (HYVs), because (i) seeds are part of a
‘package’ of inputs (fertilizer, irrigation, pesticides, mechanization), that is more
accessible to larger farms; (ii) lack of information and knowledge, i.e., extension
agents usually work with large farms; (iii) insufficient credit availability, i.e., banks
don’t lend to peasants; (iv) minimum size needed for some inputs, especially pumps
and tractors; (v) lower price for produce because of higher yields would hurt small
farmers.

Technological treadmill — Pre-Green Revolution agriculture is in fact more efficient,
although lower-yielding. The real change in the Green Revolution is in fertilizer use.
Green Revolution requires farmers to loose control of their productive system and to
become dependent on outside sources of energy.

Food insecurity increased — The Green Revolution technology is a less stable and
riskier strategy and poor farmers are exposed to greater dangers of crop failure and
hunger with HYVs than with local technology. Causes of instability: (i) genetic
vulnerability — danger of susceptibility to diseases, pests, or weather is increased by
replacing heterogeneous crops with monocrops and single varieties; (ii) market inte-
gration means that farmers in different places tend to respond to the same ‘signals’
in the economy to increase or decrease production; (iii) higher mean yields naturally
have larger standard deviations.

Ecological problems — Agricultural intensification with Green Revolution technology
leads to negative ecological consequences. The main reasons are: (i) use of chemicals
(fertilizers and pesticides) pollutes the environment and harms wildlife; (ii) use of
HYVs eliminates landraces, causing genetic erosion and genetic vulnerability;
(iii) agricultural intensification leads to soil degradation (salinization, acidification).
In response to these criticisms, science developed a number of new foci (Mann
1997): (1) Methods to increase participation by small farms in Green Revolution
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technology; farming systems research (FSR), participatory research methods.
(2) Integrated rural development programmes to focus on ‘basic needs’ and income
generation. (3) New techniques to reduce environmental impact (integrated pest
management, sustainable agriculture, on-farm conservation).

The farming systems research (FSR) approach (1970s)

In the mid-1960s, there was little interaction between technical scientists (who were
mostly on experiment stations) and social scientists (who tended to be concentrated
in planning units).

Thus, in the Green Revolution areas, because of the spectacular nature of the
technology, experiment-station based technical scientists were very successful in
their work. However, the lack of success in using a similar approach in poorer
agricultural areas (i.e., with resource-poor farmers), led to the evolution of the FSR
approach, in which there is close cooperation between technical and social scientists.
Work with farmers in various countries in the late 1960s and early 1970s revealed
that these limited-resource farmers (Norman 1993):

o Are rational (i.e., sensible) in the methods they use. For example, in Africa, there
was little support from station-based research on mixed cropping until the early
1970s, although earlier farm-based research had revealed the rationality of the
practice (Norman 1974).

o Are natural experimenters (Biggs and Clay 1981). Obviously, the methods
farmers naturally use will be those that appeal to them and are informal in nature
(Lightfoot et al. 1989), in the sense that they are not usually amenable to formal
statistical analysis.

o Understand the environment in which their rather complex farming systems
function. These systems consist of crops, livestock, and off-farm enterprises
(Norman et al. 1981). In fact, it could be asserted that such systems are often
more complex than the specialized farming systems in many high-income coun-
tries. Unlike the case with limited-resource farmers in low-income countries,
many of the constraints in specialized agriculture in high-income countries can
be broken or avoided through seeking advice and taking advantage of and
receiving external help (Norman and Collinson 1986).

Consequently, considerable respect developed for limited-resource farmers. The
FSR approach evolved because of increased awareness on the part of researchers
that such farmers:

o Had a right to be involved in the technology development process, because they
stood to gain or lose most from adoption of the technology;

e Could productively contribute to the development of appropriate improved
technologies.

Therefore, the fundamental principle of FSR was that farmers could help in
identifying the appropriate path to agricultural development. It is now recognized
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that limited-resource farmers can be involved productively in all stages of the FSR
approach. Farmers’ participation at all stages relates in one way or the other to the
selection, design, testing, and adoption of appropriate technologies.

FSR rapidly became popular and was strongly supported by many donor agencies
(Brown et al. 1988). Thus, the FSR approach evolved primarily as a result of lack of
success in developing relevant improved technologies. The strong technical focus
that characterized the evolution still persists to this day, although increasingly
many, including FSR practitioners, are advocating that the approach can be used
constructively in addressing not only technological solutions but also those relating
to policy/support systems (Collinson 2000).

Integrated Pest Management (IPM)’

Chemical control of agricultural pests has dominated the scene, but its overuse has
adverse effects on farm budgets, human health and the environment, as well as on
international trade. New pest problems continue to develop. Integrated pest manage-
ment, which combines biological control, host-plant resistance and appropriate
farming practices, and minimizes the use of pesticides, seems an attractive option for
the future, as it guarantees yields, reduces costs, is environmentally friendly and
contributes to the sustainability of agriculture (UN 1992). Agenda 21 (UN 1992)
states that IPM should be the guiding principle for pest control. Many countries and
donor organizations have explicitly committed themselves to implementing IPM,
and their number is increasing. All major technical cooperation and funding
organizations are now committed to IPM, and many have developed specific policy
or guideline documents.

A number of factors have influenced the evolution process of IPM and Integrated
Vector Management (IVM). These include:

Ecological factors — In the past, strategies that relied mainly on the use of chemicals
to achieve pest control repeatedly led to failure. In agriculture, frequent treatments
disturb the agro-ecosystem balance by killing the natural enemies of pests and cause
resurgence and secondary pest release. In addition, populations of previously unim-
portant pests can increase when primary pests and natural enemies are destroyed. In
both, agriculture and public health, repeated applications favour the development of
resistance in pest and vector populations to the pesticides used, as well as cross-
resistance to other pesticides.

Economic factors — Costs of pesticide use have been on the increase, both to
individual users and to national economies. The pesticide treadmill is caused by
ecosystem disruption. Unnecessary applications (e.g., calendar spray schedules)

3 Integrated Pest Management (IPM) means a pest management system that, in the context of
the associated environment and the population dynamics of the pest species, utilizes all
suitable techniques and methods in as compatible a manner as possible, and maintains the pest
populations at levels below those causing economically unacceptable damage or loss (FAO
1967).
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increase agricultural production costs. Failing control has led to increased use of
pesticides, while yields have declined. The economic costs and externalities
associated with the impact of pesticide use on health and the environment have
drawn greater attention.

An increased knowledge base — A growing body of scientific knowledge has
contributed to more detailed understanding of ecosystems and of the interactions of
the different elements within them. Understanding has also increased how certain
pesticide-based practices threaten the sustainability of ecosystems. IPM and IVM
have evolved based on increasing scientific evidence.

Public opinion — Increasing concern over effects of pesticides on health and the
environment has led to public pressure to reduce their excessive use. For example,
groundwater contamination and poisoned wells are a matter of grave concern in
countries with intensive agriculture, and in some countries concern over pesticide
residues in food is already changing consumption patterns.

IPM at field level

Farmers manage often complex agro-ecosystems. IPM is holistic in its approach,
which builds on knowledge about the different elements in the system (soil, water,
nutrients, plants, pests, natural enemies, diseases, weeds, weather) and their inter-
actions, to arrive at sound management decisions. As the decision makers, farmers,
are central to this process and should have the opportunity to improve their knowledge
through suitable adult education methods. Farmer Field Schools (FFSs) provide such
an opportunity (Braun et al. 2002; Feder et al. 2003). Their programmes aim at
strengthening farmers’ knowledge and understanding of the agro-ecosystems they
manage. They also aim to develop farmers’ skills to observe and analyse agro-
ecosystems, to come to informed management decisions. FFSs use non-formal adult
education approaches, farmers learn by taking part in solution-seeking in a problem-
based setting. Education is field-based, study fields are part of any FFS. FFSs are
season-long and follow the development of a crop from seeding through harvest.

Participatory approaches

In both, FSR and IPM it was increasingly recognized that farmers, as the final
decision makers on land use and, therefore, on agricultural production need to play
an active role in agricultural development. In the 1980s, therefore, participatory
approaches in agricultural development research and extension became a focus of
attention. The emergence of participation as an issue to be addressed within extension
approaches was slower in coming to the forefront, as compared to the attention
participation received within research systems. One key element of participation is
an emphasis on developing the capacity of local people as an end in itself, as
opposed to the purely mechanistic emphasis of participation as a means within the
technology development flow that has often characterized research and extension
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programmes. During the late 1980s and early 1990s, increasingly more field-based
experiences emerged, creating more space for methodological and institutional
innovations for agricultural research and extension. Within these participatory
approaches — as they became commonly known — special emphasis was placed upon
participation of local people and their communities, especially working with and
through groups; and building upon the traditional or indigenous knowledge that they
held (Chambers et al. 1989; Waters-Bayer 1989; Haverkort et al. 1991).

The rise of Farmer Participatory Research (FPR) was a deliberate effort among
agricultural professionals to combine farmers’ indigenous traditional knowledge
with the more widely recognized expertise of the agricultural research community.
The approach aimed to distinguish itself from FSR in its more deliberate attempt to
actively involve farmers in setting the research agenda, implementing trials and
analysing findings and results (Farrington and Martin 1988). FPR has gone beyond
the on-farm trials which became the standard of FSR, and actually called for farmers
to design, monitor and evaluate experiments — in collaboration with researchers —
carried out in their own fields (Okali et al. 1994). Some have argued that while FPR
approaches can increase participation among farmers, as a research methodology, it
has not brought about impact and output (Bentley 1994), or may require more than
short-term technology development efforts (Humphries et al. 2000). Research from
Africa supports this argument by showing that less than 15% of ‘experiments led by
farmers’ resulted in the definition of new knowledge or the development of new
technologies (i.e., were not already in existence elsewhere). The study concluded
that farmers’ experiments are in fact more ‘complementary’ than ‘synergistic’ to
formal agricultural research efforts, and that farmers’ experiments are more closely
linked to agricultural extension activities rather than to agricultural research
accomplishments (Sumberg and Okali 1997).

Ecological/biological/organic agriculture

In response to the increasing concern on the use of chemicals (fertilizers and biocides)
in intensive agricultural production, pleas emerged for a ‘more natural, sustainable’
agriculture. Although already in the early parts of the 20th century a movement
promoting ‘chemical-free’ agriculture did exist®, it really gained momentum in the
1980s and 1990s.

Different terms are used more or less interchangeably to denote this type of
agricultural practices, i.e., biological agriculture, ecological agriculture, organic
agriculture, and different definitions are used, depending on the source and on the
purpose of the definition’ a very general definition reads like “both a philosophy and
a system of farming. It has its roots in a set of values that reflects an awareness of
both ecological and social realities. It involves design and management procedures

6 The term organic, as a descriptor for certain ‘sustainable’ agricultural systems, appears to
have been first widely used by Lord Northbourn (1940) in his book ‘Look to the land’. The
term organic was first widely used in the USA by J.I. Rodale, founder of Rodale Press, in the
1950s.

7 We will use the term ‘organic’ in the remainder of this text.
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that work with natural processes to conserve all resources and minimize waste and
environmental damage, while maintaining or improving farm profitability. Working
with natural soil processes is of particular importance. Such agricultural systems
are designed to take maximum advantage of existing soil nutrient and water cycles,
energy flows, beneficial soil organisms, and natural pest controls. By capitalizing on
existing cycles and flows, environmental damage can be avoided or minimized. Such
systems also aim to produce food that is nutritious and uncontaminated with pro-
ducts that might harm human health”. The interest in organic agriculture is driven
by three main concerns: (i) that our present agricultural practices are having a negative
impact on environmental quality, and on resource availability and use; (ii) that these
practices are contributing to deterioration in human health; and (iii) that the economic
situation for producers continues to decline.

Although in research some attention was paid to organic agriculture in the 1970s
(cf. Nauta 1979), only in the 1980s did that branch really take off, partly associated
with integrated pest management.

THE FUTURE

The persistence of hunger in the developing world means that ensuring adequate and
nutritious food for the population will remain the principal challenge for policy-
makers in many developing countries (Roetter and Van Keulen 2007). However, the
rapid transformation of diets and the changes in food systems at all levels (production,
processing and distribution/retail) pose a number of important additional challenges
to food security, nutrition and health policy. Urbanization is likely to increase the
‘effective demand’ for food security, safety and quality.

The global economy is becoming increasingly integrated through information
systems, investments and trade, and agriculture is part of this trend. For some
countries, agricultural trade expansion — sparked by agricultural and trade policy
reforms — has contributed to a period of rapid pro-poor economic growth. Indeed,
some of the countries that have been most successful in reducing hunger and
extreme poverty have relied on trade in agricultural products, either exports or
imports or both, as an essential element of their development strategy. Many of the
poorest countries however, especially in Africa, have not had the same positive
experience. Rather, they are becoming more marginalized and vulnerable, depending
on imports for a rising share of their food needs without being able to expand and
diversify their agricultural or non-agricultural exports (Sachs 2005). For the least-
developed countries, the benefits from trade reform will only come with a comple-
mentary effort in domestic policy and institutional reform and with substantial
investment in physical and human infrastructure.

Over the past fifty years, humans have changed the face of the earth more rapidly
and extensively than in any comparable period of time in human history before,
largely to meet rapidly growing demands for food, fresh water, timber, fibre, and
fuel. As a consequence, many ecosystem services are being degraded or used
unsustainably, including fresh water, capture fisheries, air and water purification, the
regulation of regional and local climate, natural hazards, and pests. The Millennium
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Ecosystem Assessment (Millennium Ecosystem Assessment 2005) concluded that
the degradation of ecosystem services could grow significantly worse during the
first half of this century and is a barrier to achieving the Millennium Development
Goals. For example, observed recent changes in climate, especially higher regional
temperatures, have already had significant impacts on biodiversity and ecosystems,
especially in dryland environments such as the African Sahel (Dietz et al. 2004).
Degradation of ecosystem services is exacerbating the problems of poverty and food
insecurity in the developing world, particularly in the poorest countries. Global
climate change is taking place against a natural environment that is already stressed
by resource degradation as a result of various factors, including certain forms of
agricultural technology and input use. Agricultural activities occupy and influence
vast landscapes. Farmers, ranchers, and agro-foresters manage, work and live in
watersheds, grasslands, hillsides, coastal plains, forests, and river deltas. These
various agro-ecosystems provide a wide range of local, national and global benefits
and services in the form of positive externalities and public goods. The precise
impacts of climate change on agriculture and food production are difficult to gauge.
But two basic messages seem to emerge from the various assessments that have
been undertaken so far. For the world as a whole, climate change is unlikely to alter
the overall production potential. The benefits of warmer climates for some areas
may just be offsetting the problems arising in other areas. In some of the adversely
affected areas, however, climate change could jeopardize the livelihoods of millions,
particularly where the impacts of climate change are compounded by other factors or
where existing poverty and hunger makes it extra difficult to cope with its impacts.
Such areas of multiple stresses are expected to emerge primarily in the poorest
developing countries, but also some of the emerging Asian economies could well be
affected. Because many ecosystem services are not traded in markets, markets fail to
provide appropriate signals that might otherwise contribute to the efficient allocation
and sustainable use of the services. The Millennium Assessment suggests a wide
range of economic and financial instruments for influencing individual behaviour
with respect to the use of ecosystem services. These include elimination of subsidies
that promote excessive use of ecosystem services and promotion of market-based
approaches, including user fees and payment