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1.INTRODUCTION

In an era of rapid change and growing risk and uncertainty, agricultural policy
and practice in the developing world is encountering a number of limitations
which reveal inadequaciesinits long-term sustainability and its capacity to meet
the range of objectives that it is expected to deliver. These include concerns
about chronic hunger and malnutrition, adverse environmental changes, the
limits of technology-enhanced productivity gains, increasing land degradation
and the loss of biodiversity, livelihood insecurity and the continuing poverty
of agricultural communities. Worries about food safety, hygiene and nutrition,
and growing demands for the re-localisation of agri-food systems from citizen
consumers in both the North and the South have also emerged. These appre-
hensions raise important questions about whether the forms of agriculture
developed over the past century, and celebrated as technically advanced and
‘modern’, are able to respond to the complex and diverse array of challenges
they will encounter in the 21st century.

In this paper, we argue these concerns arise because the prevailing approach to
agricultural science and innovation often fails to provide sustainable outcomes,
particularly at larger scales and for large numbers of poor people in develop-
ing countries. Recent research on socio-ecological interactions in agriculture
has demonstrated how human transformations and uses of the resources to
produce food and fibre can cause unexpected, precipitous and possibly irre-
versible changes in the natural environment. Natural sciences have made some
progress in understanding how ecological ‘surprises’ — the qualitative gaps
between perceived reality and expectation — and system *flips’ come about (cf.
STEPS Working Paper 1 on Dynamics). By contrast, relatively little progress has
been made in understanding surprises in agri-food systems, and in defining
management practices that might contribute to poverty reduction and help
systems become more resilient and robust in order to cope with shocks and
stresses, together with the social and institutional mechanisms behind these
practices.



This is a major challenge for the STEPS Centre work on agri-food systems, and
the remainder of the paper will elaborate some of the many dimensions of this.
In the following section we examine the dynamic character of agri-food systems
and contend that modern agricultural science is ill-equipped to address issues
of complexity, diversity and uncertainty. In Section 3 attention is turned to ex-
amining the causes and consequences of key economic, ecological and social
forces that are driving change in food systems, with a particular focus on de-
veloping country contexts. Section 4 sets out the characterising features of
agriculture that make it distinct from other sectors. Attention is then turned
to understanding the *five rural worlds’ that broadly represent the diversity of
agriculture-related livelihood strategies found in most developing contexts and
their potential pathways to sustainability.

In Section 5, we analyse how the prevailing narratives of technological change,
on the one hand, and economic growth, on the other, have come to dominate
keyfood and agriculture policy debates. We then go on to examine two emergent
narratives related to agroecological and participatory alternatives in Section 6
which seek to counter these orthodox notions of agricultural development and
change. The strengths and weaknesses of these competing visions of sustain-
ability are compared and contrasted in Section 7. We contend that any discus-
sion of the sustainability of agri-food systems must address a number of chal-
lenges characterised by different aspects of system dynamics and governance.

Finally, the paper concludes by outlining an interdisciplinary research agenda
on agri-food systems for STEPS. This focuses on dynamic system interactionsin
complex, diverse, risk-prone environments and explores how agri-food pathways
can become more resilient and robust in a turbulent age.

2. AGRI-FOOD SYSTEM DYNAMICS AND SUSTAINABILITY

Over the past 20 years, a great deal of work on agricultural sustainability has
focused on the capacity of food systems to absorb perturbations and still
maintain their functions (Conway 2007; Conway and Barbier 1990). In a resilient
and robust agri-food system, disturbances have the potential to create oppor-
tunities for doing new things, for innovation and for new pathways of develop-
ment (Berkes et al. 2003; Gunderson and Holling 2002). In a vulnerable system,
even small disturbances may cause significant adverse social consequences
especially for those who are most vulnerable, such as the rural poor in develop-



ing countries (Adger 2006; Ericksen 2006a). Until recently, dominant perspec-
tives in conventional agricultural science and development programmes have
implicitly assumed a stable and almost indefinitely resilient environment, where
resource flows could be controlled and nature would return to a steady state
when human stressors were removed. Such static, equilibrium-centred views,
we argue, provide inadequate insight into the dynamic character of agri-food
systems, particularly in an era of global economic and environmental change,
where factors such as climate change, rapid land use shifts and uncertain po-
litical economic conditions in agricultural economies all impinge on the day-to-
day realities of poorer producers and consumers in the developing world.

Our focus on uncertainty, complexity and diversity is at the core of the STEPS
Centre agenda, and aims to shift attention from policies and practices that
aspire to maintain the status quo or control change in systems assumed to be
stable, in favour of analysis and practices that enhance the capacity of agri-food
systems to respond to, cope with and shape change (Smit and Wandel 2006;
Berkes, et al. 2003). Such responses in turn enhance the possibilities of sustain-
ing desirable, yet diverse, pathways for development in changing environments,
where the future is unpredictable and surprises are likely (Folke 2006; Adger, et
al. 2005; Walker, et al. 2004; Gunderson, et al. 1995).

ORTHODOX EQUILIBRIUM VERSUS HOLISTIC DYNAMISM

Much conventional agricultural science and policy does not seem to be able
to explain, let alone respond to, complexity, diversity, uncertainty and non-
equilibrium states, although poor people who are dependent on agriculture
for their livelihoods very often live in complex, diverse and risk-prone settings,
with inherent seasonal instability (Chambers 1991; Chambers, et al. 1981).
Vulnerability not only damages people’s welfare, it also reduces growth, both
directly by destroying assets and indirectly as threats of shocks and stresses
cause assets to be diverted assets from more productive activities to those that
reduce risk and uncertainty (Ericksen 2006a).

Agricultural and resource management problems typically tend to be classic
‘systems’ problems, where aspects of systems behaviour are both complex and
unpredictable and where causes, while at times apparently simple, when finally
understood are always multiple. These problems are often non-linear in nature,
cross-scale in time and space and dynamic in character (see STEPS Working
Paper 1 on Dynamics). This is true for both natural and social systems and their
interactions. In fact, they need to be understood as one system, with critical
feedbacks across temporal and spatial scales. Thus, interdisciplinary and inte-



grated modes of inquiry are needed for understanding and designing effective
responses to human—environment interactions related to food and agriculture
in a turbulent world (cf. Ericksen 2006b).

A critical minority of policy-makers and citizens — both producers and consum-
ers — are demanding integrated solutions that address these issues of uncer-
tainty, diversity and complexity. Their calls for action are not so much driven by
prophesies of doom as by the need for understanding and action. But if you seek
understanding, to whom do you turn for information and advice? Agricultural
science often provides only limited assistance, largely because it includes not
only conflicting voices — witness the debate on genetically modified (GM) crops
or arguments over food production vs. population growth — but also conflicting
modes of inquiry and criteria for establishing the trustworthiness of different
lines of argument.

In particular, the philosophies of two streams of agricultural science are often
in opposition. The tension between them is now evident in biology. One stream
is represented by the paradigm of molecular biology and genetic engineering
(Conway and Toenniessen 1999). This stream of science promises to provide
not only health and economic benefits from agricultural biotechnology, but also
an uncertain era of changing social values and consequences. This stream is a
science of parts; that is an analysis of specific biophysical processes that affect
survival, growth and distribution of target variables as if they were independent
of each other and could be systematically controlled one at a time. It emerged
from a tradition of experimental science, where a narrow enough focus is
chosen to pose specific questions and empirical hypotheses, collect data and
design critical tests for the rejection of falsified hypotheses (cf. STEPS Working
Paper 3 on Designs). The goal is to narrow uncertainty to the point where accep-
tance of an argument among scientific peers is essentially unanimous. Thus, it
is conservative and narrowly focused, and it achieves this by being fragmentary
and incomplete. It provides individual building blocks of an edifice, but not the
architectural design. This kind of approach to modern agricultural science, a
science of the parts, may be suitable for certain types of conventional agricul-
tural development but not for sustainable agriculture —if sustainable agriculture
is defined more broadly to include a range of ecological, economic and social
objectives, such as sustained reductions in chronic malnutrition, poverty and
ecological harm.

By contrast, a holistic stream can be characterised as a science of integration;
that is, by inter-disciplinarity and synthesis, by cross-sectoral and cross-scale
research and analyses. It is represented, for example, by agroecology, conser-



vation biology, landscape ecology and other systems approaches that include
the analysis of (agri-food)-ecosystems, the interactions between multiple co-
existing populations and landscapes, and more recently, the study of socio-eco-
logical dynamics at different scales (and concerns about global environmental
change, such as climate change). The applied forms of this stream have emerged
regionally in new forms of integrated agricultural practice and natural resource
and environmental management, where uncertainty and surprises become an
essential part of an anticipated set of adaptive responses (Altieri 2002, 1995;
Conway 2007; Lee 1993; Walters 1986; Holling 1978). They are fundamentally
about blending disciplinary perspectives and combining historical, comparative
and experimental approaches at scales appropriate to the issues. It is a stream of
investigation that is fundamentally concerned with integrative modes of inquiry
and multiple sources of evidence.

This stream has the most natural connection to related debates about systems
dynamics in the social sciences that are in turn linked to questions of incerti-
tude and its implications, moving beyond narrow, probabilistic notions of risk
(Winterfeldt and Edwards 1986) to a broader understanding of uncertainty
(Funtowicz and Ravetz 1990), ambiguity — where different people or institutions
circumscribe a problem from contrasting perspectives (Stirling 2006; 1999)
and ignorance, where we don’t know what we don’t know (Wynne 1992). These
challenges require more nuanced, qualitative understandings of causality and
change, attending to ethnographic understandings of place-specific processes,
the particular dynamics of knowledge and power (Jasanoff 2005), and the social
and political dimensions of institutions and governance (cf. STEPS Working
Papers 1-3).

The premise of this holistic stream is that in agricultural science, knowledge of
the system we deal with is always incomplete and patchy (Kerkhoff and Lebel
2006; Thompson and Scoones 1994). Surprises are inevitable and must be
anticipated. They come about when causes and effects turn out to be sharply
different from what was conceived, when behaviours are profoundly unexpect-
ed and when actions produce results different to those intended. Not only is
our science almost inevitably incomplete, the system itself is a moving target,
evolving because of the impact of management and the progressive expansion
of the scale of human influences on the environment. In principle, therefore,
evolving and dynamic agri-food systems and the societies with which they are
linked involve incomplete knowability and partial predictability. What is needed,
therefore, are policy-making processes that are fair; fair to people, fair to the
environment and to future generations.



Thus, ‘sustainable development’ — and with it, ‘sustainable agriculture’ —is also
only partly knowable and predictable (cf. STEPS Working Paper 1 on Dynamics).
How it develops will depend on decisions and actions that have yet to be taken,
and requires processes of reflexive deliberation at the centre of analysis and
action. And therein lies a key issue that we must address at the core of con-
temporary agricultural science and innovation. Dynamic and diverse agri-food
systems require policies and actions that not only contribute to social objec-
tives, like poverty reduction, but also achieve continually modified and enriched
understandings of the evolving ecological, economic, social and political condi-
tions and provide flexibility for adapting to surprises. Through this process, agri-
cultural science, policy and management become inextricably linked, as diverse
socio-technical systems are explored in multiple pathways to sustainability.

3. DRIVERS OF CHANGE: THE CONTEMPORARY
CHARACTERISTICS OF AGRI-FOOD SYSTEMS

If a consideration of dynamic uncertainty needs to be at the core of any search
for sustainable solutions to developing world agriculture, what, then, are the
factors that drive change and create risks and uncertainties in developing world
agriculture today? This section explores this question through an assessment
of key drivers of change and their effects that characterise contemporary agri-
food systems.

Agriculture is animportant source of livelihoods in developing countries, provid-
ing ways of life for billions of people, many of them poor. Of the world’s 6.5 billion
inhabitants, 5.5 billion live in developing countries, 3 billion in the rural areas of
these countries (World Bank 2007). Of rural inhabitants, an estimated 2.5 billion
are involved in agriculture, 1.3 billion are smallholders, while others include farm
labourers, migrant workers, herders, fishers, artisans and indigenous peoples
who depend on agriculture and natural resources for their livelihoods. More
than half are women. The developing world will remain predominantly rural until
around 2020 and millions of poor people in those countries will continue to rely
on agriculture for their livelihoods for the foreseeable future (Figure 1).



Figure 1. Rural and Urban Population Trends

projected

Billions of People

Source: UN World Population Prospects 2005

The contribution of agriculture to livelihoods is evident from the fact that 70
percent of the world’s poor people, including the poorest of the poor, and 75
percent of the world’s malnourished live in rural areas, where most of them are
involved in agriculture. The Millennium Development Goal of halving extreme
poverty and hunger will not be met without reducing this rural poverty (UN
Millennium Project 2005a). Meeting this food security goal will be a major chal-
lenge. Yet rural poverty remains stubbornly high, even with rapid growth in the
rest of the economy. Rural-urban income gaps tend to rise as non-agricultural
growth accelerates, creating major social tensions as expectations for better
lives remain unfulfilled for a majority of the rural people (Tacoli 2006).

Given these trends, chronic hunger and global food security will remain a world-
wide concern for the next S50 years and beyond, as the world’s population grows
from its current 6.5 billion to upwards of 10 billion, most of whom will reside in
developing countries. Of course, predictions of food security outcomes have
been a part of the policy discourse in agriculture at least since the Reverend
Thomas Malthus wrote An Essay on the Principle of Populationin 1798 (Malthus
2003). Over the past several decades, some neo-Malthusians or ‘catastroph-
ists’ have expressed concern about the ability of agricultural production to
keep pace with global food demands (cf. Brown and Kane 1994; Meadows, et
al., 1992; Ehrlich and Ehrlich 1990), whereas other ‘cornucopians’” have forecast
that technological advances or expansions of cultivated area would boost pro-
duction sufficiently to meet rising demands (cf. Conway and Toenniessen 2003;
Evans 1998; Simon 1998; Boserup 1965; Smil 2000). Thus far, dire predictions of
a global food security catastrophe have proved unfounded, in the sense that ag-



gregate food supply has kept pace with population growth, although hundreds
of millions remain hungry and malnourished.

Nevertheless, despite the fact that food production per capita has been increas-
ing globally, major distributional inequalities remain, linked primarily to poverty
(Thompson 2003; Dreéze and Sen 1989). Global food production has increased
by well over 130 percent since the 1960s, yet the fact that almost 78 per cent of
countries that report child malnutrition are food-exporting countries dramati-
cally illustrates a ‘paradox of plenty’ (Mittal 2006). Moreover, the productivity of
major cereals appears to be reaching biological limits in some regions, despite
heavy use of agrochemical inputs, and consequently production is now growing
more slowly than in recent decades. Widespread and persistent hunger is a fun-
damental contradiction in today’s world when production and productivity in
agriculture have grown faster than effective demand. An estimated 852 million
people were undernourished in 2000—02, up 37 million from the period 1997—
99. Of this total, more than 95 percent live in developing countries (World Bank
2006). Sub-Saharan Africa, the region with the largest share of undernourished
people, is also the place where per capita food production has lagged the most.
Thisunderperformance of the agriculture sector has been exacerbated by ethnic
conflict and political instability, declining terms of trade, dwindling investments
in agricultural research and infrastructure and increasing water scarcity.

The challenges faced today are, however, substantially different from those
encountered by the Green Revolution producers who achieved sustained gains
in agriculture productivity only a few decades ago. Since the 1980s, there has
been a substantial decline in public sector support for agriculture and many
producers have lost access to key inputs and services. While public sector provi-
sion of these services was never very efficient, it often provided the linkages to
markets for poor rural producers. Today, such links are tenuous and complicated
by much greater integration of the global economy. Smallholder producers now
compete in global markets that are much more demanding in terms of grades
and standards (e.g. quality, traceability and food safety), and more concentrated
and vertically integrated than in the past (Vorley 2007; Reardon, et al 2003;
Reardon and Barrett 2000).

A major concern about this concentration is the control exercised by a handful
of private corporations over decision-making throughout the agri-food system.
In the past, most of the global trading and grain-handling firms were family-held
operations which operated in one or two stages of the food system and in a
very few commodities. Consequently, risk exposure of many rural households
to market forces was very different from that today. Risks were often reduced



by the state through government-controlled marketing boards and similar
parastatal organisations, which assured a price structure, input and output
markets and access to improved technologies and training. Public investments
in research and development (R&D) resulted in higher yielding farm systems.
Furthermore, innovations were encouraged through public subsidies of one
kind or another. In much of Asia and Latin America these innovations led many
farm households to shift to more productive and higher return farming systems
(World Bank 2005).

Today, the system is becoming much more complex, starting with a firm’s in-
volvement in (bio) technology, extending through agro-chemical inputs and
production, and ending with highly processed food (Bonnano, et al. 1995;
McMichael 1994). Increasingly, these firms are developing a variety of different
alliances with other players in the system, forming new food system ‘clusters’
(Heffernan, et al. 1999). As agriculture becomes more concentrated and inte-
grated, these giant clusters are establishing an oligopsony —a marketin which a
small number of buyers exerts power over a large number of sellers — over large
parts of the agri-food chain, enabling them to maximise profit while minimising
risk. As a result, the food system has begun to resemble an hourglass. At the
bottom are millions of farmers and farm labourers producing the food and fibre,
while at the top are billions of consumers, both rich and poor. At the narrow
point in the middle are the dozen or so multinational corporations — the input
suppliers, food processors and retailers — earning a profit from every transaction
(Vorley 2003). Typically, goods are exchanged through closed contracts or intra-
firm transfers rather than open wholesale markets (Reardon, et al. 2003; Stumo
2000) and even when they are exchanged in wholesale markets, prices may be
well below the cost of production due to oversupply (Reardon and Berdegué
2002). Consequently, the ‘cost-price squeeze’ falls on the producers, who bear
the bulk of the risk and share little, if any, of the rewards.

Because agriculture has a larger tradable component than most sectors, it is
profoundly affected by the trade environment and trade policy. Whereas overall
trade barriers in industrial countries have declined significantly over the last
decade, the remaining barriers are concentrated on agricultural products and
labour-intensive manufactures in which developing countries have a compara-
tive advantage. High levels of farm support, at the level of USD $279 billion (EUR
€226 billion) per year in countries belonging to the OECD, depress world prices
for several key commodities (especially sugar, cotton, milk, and beef) and deeply
undermine agricultural growthin developing countries (OECD 2005). Quotasand
tariffs remain important instruments for protection, and sanitary and phytosani-
tary restrictions increasingly perform the same function. Tariff rate quotas still
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protect 28 percent of OECD’s agricultural production (a figure that is probably
underestimated) (cf. de Gorter and Hranaiova 2004). Although the average tariff
on agricultural products is reported to be 10-20 percent, extremely high tariffs
(up to 500 percent) on specific agricultural imports are reducing market oppor-
tunities for developing country farmers. Moreover, escalating tariff structures,
which place higher tariffs on more processed products, are widespread. These
tariffs protect processing industries in industrialised countries and amount to a
tax on development, because they limit developing countries to producing low
value-added primary products (Ingco and Nash 2004).

Global and regional economic integration is accompanied by other challenges
that further weaken the socioeconomic position of the rural poor. In some parts
of the world, especially in Sub-Saharan Africa, rural areas are hard hit by the
HIV/AIDS pandemic, which is disrupting the transfer of knowledge, destroying
traditional land allocation systems, and dramatically changing the demographic
composition of many rural communities (Edstrom, et al. 2007; UNAIDS 2006).
Global environmental change is increasing pressure on an already fragile natural
resource base in complex, risk-prone environments that are the mainstay of
rural livelihoods (Erickson 2006a; Tilman, et al. 2001). Rising energy prices are
driving massive investments in biofuels, which could increase the volatility of
food prices with negative food security implications in some regions (UN-Energy
2007). Finally, conflict conditions, many of which result from or are provoked by
poverty, are further eroding the livelihood systems and resilience of poor rural
people (Richards 2006; Flores 2004).

This is not helped by the fact that attention to agriculture in terms of policy
commitments and investment levels declined in both international donor and
developing country policies and programmes (Bezemer and Headey 2006),
despite the demonstrated high rates of return and the reductions in poverty
that come from such investments (Fan et al. 2001; Alston et al. 2000). Further
progress is curtailed by weaknesses and deficiencies in agricultural science
and technology policy regimes that result in institutional arrangements and
organisational forms unsuited to development and broad-based diffusion of
poverty-reducing innovations (Byerlee and Alex 1998). Investments in science
and technology have been shown to pay off most strongly for countries and
regions with highly integrated technical and economic systems able to diffuse
and apply results of new research (UN Millennium Project 2005b; Hazell and
Haddad 2001). Constraints faced in mobilising public resources for agricultural
development in countries with widespread poverty and under-nourishment are
illustrated by relating government expenditure on agriculture to the size of the
agricultural labour force. In countries where more than 35 percent of the people
are undernourished, government expenditure per agricultural worker averages



11

USD $14 or 50 times less than the USD $880 in countries with the lowest rates
of under-nourishment (FAO, IFAD and WFP 2002).

Similar problems also affect agricultural R&D. Corporate R&D agendas under-
standably focus on potentially profitable sectors, which frequently do not
include poor people. Only in the public and charitable sectors have agricultural
R&D policies engaged with the needs of the rural poor.

Assumptions about the vulnerability and/or robustness and resilience of agricul-
tural systems remain contested. Many studies predict that world food supplies
may not necessarily be adversely affected by moderate climate change, but
only by assuming farmers will take adequate steps to adapt to climate change
and that in some regions additional CO, will contribute positively to increased
yields (IPCC 2007). Many developing countries are likely to fare badly, however,
as climate change may result in unpredictable growing conditions, including
more intense rainfall events between prolonged dry periods, as well as reduced
or more variable water resources for irrigation in tropical environments (Fischer,
et al. 2002; Tilman, et al. 2001). Increasing agricultural expansion into marginal
lands and forests may in turn put these areas at greater risk of environmental
degradation. Such conditions may promote pests and disease on crops and live-
stock and increase the incidence of vector-borne diseases in humans (Sutherst
2004), as well as increase soil erosion and desertification (Montgomery 2007).

The HIV/AIDS pandemic is another relevant concern for the sustainability of ag-
riculture. More than 28 million people have died since the first case was reported
in 1981. In 2005, AIDS killed 2.8 million people, and an estimated 4.1 million
became infected, bringing to 38.6 million the number of people living with the
virus around the world. Of this total, 24.5 million of these people live in Sub-
Saharan Africa (where in some countries one in three adults are infected) and
8.3 million live in Asia (UNAIDS 2006). In addition to its direct health, economic
and social impacts, the disease also affects food security and nutrition. Adult
labour is often reduced or removed entirely from affected households, and
those households then have less capacity to produce or buy food, as assets are
often depleted for medical and/or funeral costs (Edstrom, et al. 2007; Gillespie
2006). The agricultural knowledge-base often deteriorates as individuals with
farming experience and scientific knowledge succumb to the disease.

Moreover, agri-food systems are changingin manywaysasaresultof the dynamic
interactions of a range of environmental and socio-economic drivers, including
global environmental change, agricultural intensification, concentration of pro-
duction, vertical integration and coordination, industrialisation, deregulation
and economic liberalisation and urbanisation. Appendix 1 sets out some of the
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main patterns and processes of change in the global agri-food systems, and
shows how these dynamic changes are resulting in fundamental transforma-
tions of these systems, both in terms of their activities and outcomes.

4. CHARACTERISTICS OF AGRI-FOOD SYSTEMS

Agriculture therefore has a number of features that distinguish it from other pro-
ductive sectors. Among other things, it is mainly a private activity implemented
locally mostly by households, but it also has many dimensions of collective
action, is deeply affected by global forces and depends greatly on public inter-
ventions for its structure, its support and its development. Taking into account
these drivers of change, what are the key characteristics of agri-food systems
that demand attention? The following, we suggest, are critical:

The dynamics of production. Agriculture is characterised by high de-
pendency on natural resources, spatial dispersion of activity, seasonal
variables, asymmetries in information due to location and distance,
high risks associated with the vagaries of nature, and difficulties in
sustaining the productivity of natural resources, because their use and
reproduction typically conflict.

Integrated agri-food systems. Market developments, technological
progress, institutional changes and policy interventions in one part of
the world have far-reaching implications, even for distant actors, as
global and regional supply chains link producers and consumers in dif-
ferent parts of the world

Market failures. Failures of input and output markets for agricultural
goods and services are associated with high transactions costs, par-
ticularly adversely affecting poor farmers, information asymmetries, in-
complete property rights, externalities and missing actors. These affect
access to markets, the availability of insurance and financial services,
and the underwriting of contracts.

Public sector interventions. There is a significant need for public
sector interventions to compensate for these market failures. This
makes agriculture highly vulnerable to extractive policies (cheap food
policies), land grabbing, rent seeking, regressive subsidies and exposure
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to corrupt officials. Public budgets in agriculture can easily be prey to
clientelism and elite capture, major causes for the mis-investment of
already undersized public budgets. Equally, they can be distorted and
misdirected through the changing whims and misguided policy pre-
scriptions of international donors. Consequently, the political economy
of policy and investment in agriculture can determine success or failure
in agricultural development.

® Socio-cultural systems. The close correspondence between agri-
culture as a productive activity (‘agri-) and rurality as a way of life (-
culture’) (Cernea and Kassam 2006; Pretty 2002) make social relations
in rural society important determinants of access to resources (for
example through land rental markets), asymmetries in power (including
by gender and ethnicity) and benefits from public services. These affect
dynamic poverty outcomes in agriculture.

® Heterogeneity and diversity. Actors with better asset endowmentsin
favourable areas can take advantage of new markets and of new tech-
nological and institutional opportunities. In contrast, large segments
of the smallholder population remain reliant on subsistence-oriented
activities, linked to labour markets as net sellers and to food markets as
net buyers, but relying on agriculture for home consumption and as a
safety net of last resort.

® Collective action. Effective forms of cooperation and collective action
are essential for the millions of smallholders, pastoralists, fisher folk
and farmworkers to have their voices heard in key regional and national
policy forums. They are also essential to enable producers’ associations
and federations achieve economies of scale (meeting new market re-
quirements (e.g. grades and standards) and interacting in local clusters
of economic activity), access public services and manage common
property resources (Rondot, et al 2004).

The key question — addressed in a preliminary way by this paper and the wider
work on food and agriculture by the STEPS Centre — is: how, in the face of
these old and new challenges, can poor, marginal people negotiate pathways
to Sustainability through agriculture? This paper therefore provides an assess-
ment of how different visions of agricultural development, underpinned by
contrasting narratives of technological and economic change, respond to these
challenges. Yet, despite the diversity of drivers and contexts, the complexity of
dynamics and the uncertainties that prevail, current debates about agricultural
change in developing countries are often couched — implicitly, if not explicitly
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—in terms of notions of ‘progress’ towards a singular goal. Frequently, the un-
derlying assumption is that such progress is achieved through the transfer of
knowledge, ideas, models, practices and technologies from the ‘developed’
world to the ‘developing’ world, or from ‘modern’ science to ‘backward’ farming
settings. For example, in the early 1990s some Indian agricultural universities
based their curriculum on 20-year old textbooks from the United States, as
if no new, locally-specific innovations had happened in the intervening years
(Chambers pers comm. 2007). Within this framing are often embedded notions
about how agricultural development occurs in a linear sequence of stages
— from ‘backward’ to ‘modern’, from ‘old’ to ‘new’, from ‘under-developed’ to
progressively more ‘developed’, from pre-industrial to industrial (Scoones, et al.,
2005). Thus, there is often assumed to be a singular path to progress, and to be
committed to this path governments, farmers, aid agencies and analysis have
to be uniformly and unquestioningly ‘pro-innovation’, ‘pro-technology’ and ‘pro-
development’.

Those who criticise this monolithic linear assumption are sometimes accused
of being ‘anti-technology’ or ‘anti-modernity’. Our approach is not hostile to
beneficial technological changes, but we do reject approaches that assume
that there is one, and only one, technological trajectory that implicitly denies
the existence and benefits of alternative pathways, or even multiple pathways,
towards a broader goal of poverty reduction, social justice and environmen-
tal sustainability. Thus, in considering possible pathways towards this goal,
we assume that there may be multiple routes to improving the relationship
between complex food system and poor people in developing countries, and
that poor rural people often have relevant agricultural knowledge.

DIVERSE RURAL WORLDS

Acknowledging uncertainties, embracing diversity and interacting with dynamic
systems over time means that these pathways are frequently in a state of flux,
and may work for some people and practices in some places, but not in others.
Which pathways are chosen, and with what results is of course a wider, ulti-
mately political, choice — discussed in STEPS Working Paper 2 on Governance
— but when making that change it is important to take into account underly-
ing dynamic conditions in particular contexts. Such an approach will need to
address the specific needs of people inhabiting different ‘rural worlds’ (OECD
2006; Pimbert, et al. 2003; Vorley 2002).
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Most rural areas are characterised by a highly diverse range of stakeholders
involved with agriculture, with considerable variation in their assets and access
to markets and the ways institutions promote or constrain their interests and
opportunities (Thompson 2006). Many, for example, are not full-time farmers,
mixing agricultural activities with other rural, non-farm income sources. To
address the needs of the rural poor, agricultural science and technology policy
needs to engage with such complex, dynamic settings. From the diverse poten-
tial pathways available, which are sustainable in terms of the needs and priori-
ties of local people? Which socio-technical systems will assist which people in
what ways? How does this feed into processes of priority setting in agricultural
research and development? And what wider innovation systems —involving not
only upstream science, but also market, institutional and policy configurations
— make sense? These are just some of the — very large — questions that atten-
tion to dynamic agri-food systems reveals. These, in turn, highlight how a holistic
understanding of the role of agriculture in rural economies and in people’s liveli-
hood strategies is an essential starting point.

A typology of ‘Five Rural Worlds’ can help inform our understanding of the
dynamics of diverse and complex agri-food systems and livelihood strategies,
and the potential pathways that may be open to them (or closed) (Box 1). These
rural world categories are of course not mutually exclusive. The typology is used
here as a guide rather than arigid framework for differentiating rural households.
Itis limited in its ability to represent intra-household difference and gendered
pathways, which can be quite divergent (cf. Guijt and Shah 1998). Moreover, it
focuses primarily on the production side of agriculture and neglects the con-
sumption part of agri-food systems. However, by using this more differentiated
analysis based on rural people’s livelihoods, it makes clear that poverty is located
unevenly across and within rural populations, that policy in and for food and
agriculture affects different groups in different ways and that the actions of one
rural group can improve or impair the livelihoods of others. In other words, any
analysis must be explicitly integrative, and examine trade-offs between options
and pathways.
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Box 1. Understanding Complexity and Diversity: Five ‘Rural Worlds’

Rural World 1 households and enterprises engaged in high-value, export-
oriented agriculture, make up a very small minority of rural households
and firms in the developing world. In addition to their land and other
holdings, producers and firms in this category have direct access to
finance, risk management instruments, information and infrastructure
necessary to remain competitive in their business operations.
Most have an influential voice in national policies and institutions
affecting their enterprises and, perhaps even more important, close
ties to buyer-driven value chains associated with global agriculture.

Rural World 2 accounts for a substantial number of rural households and
agricultural firms in the developing world. The one word that most aptly
characterisesthemis ‘traditional’. They are frequently part of thelocal elite
buthavelittleinfluenceatthenationallevel. Theyhavesizablelandholdings
often devoted to both commercial and subsistence agriculture. They
previously had access to basic services, such as finance, but with the
advent of liberalisation and the consequent withdrawal of the state froma
directrolein agriculture, the availability of these services declined rapidly.

Rural World 3 households — fisherman, pastoralists, smallholders
and associated micro-enterprises — are survivalist. Food security
is their main concern, and their small production units are almost
totally dedicated to home consumption. Their assets are poorly
developed, and they have very limited access to key services (e.g.
credit) that would enable them to increase the returns to their assets.

Rural World 4 households are landless or near-landless, frequently
headed by women, with little access to productive resources other than
their own labour. Sharecropping or working as agricultural labourers
for better-off households in their communities in Rural Worlds 1, 2
and 3 is perhaps the most secure livelihood option for many of them.
For others, migrating to economic centres on a daily, seasonal or
even permanent basis is their best hope for survival. But their low
education levels are a major barrier to migrating out of poverty.

Rural World 5 households are chronically poor. Most have sold off or been
stripped of their asset holdings during periods of crisis. Remittances
from relatives, community safety nets and government transfers are
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vital to their sustenance. As a result of the HIV/AIDS pandemic, many
more households are facing this precarious situation, particularly in
Africa. Entrenched gender inequalities exacerbate this problem. Social
exclusion often typifies the relationship of Rural World 5 to the larger
community. Social protection programmes, including cash and in-
kind transfer schemes, will be critical for this group for some time.

Sources: OECD 2006; Pimbert, et al. 2003; Vorley 2002.

Responding to complexity and uncertainty are essential elements in sustainable
agri-food systems, perhaps the riskiest sector in the economy, which are not
only subject to the price volatility facing many sectors, but also highly depen-
dent on nature and weather, leaving them vulnerable to droughts and floods,
pests and diseases, and other shocks and stresses. These vary in their nature
and have different impacts across the different rural worlds, and change with
the seasons (Chambers, et al. 1981). For example, volatile international markets
directly affect Rural World 1 producers and ultimately their need to employ farm
workers from Rural Worlds 3 and 4. Generic shocks and stresses such as those
associated with global environmental change can shift farm households in Rural
Worlds 2 and 3 either above or below the thresholds of profit and food security.
For agricultural households to have more secure and prosperous livelihoods,
therefore, they need more ability to respond to and uncertainty and address
attendant vulnerabilities (OECD 2006; Pimbert, et al. 2003; Vorley 2002).

Without strengthening the capability of poor rural households to cope with
complexity and uncertainty they are exposed to, they will be reluctant to and
innovate and may remain trapped in low-risk and low-yielding livelihood strate-
gies (Barrett and Swallow 2004). Strengthening poor rural households to create
more resilient and robust food systems and remain active and productive ag-
riculturalists despite experiencing shocks and stresses of different kinds and
magnitudes is a key challenge for agricultural development (Thompson 2006).
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5. DOMINANT NARRATIVES OF AGRICULTURAL SCIENCE
AND POLICY: TECHNOLOGY AND GROWTH

Given the diversity, uncertainty and complexity of contemporary drivers of
change and the range of different contexts within which agriculture is an im-
portant source of livelihood and economic activity in the developing world,
how has agricultural science and policy responded? This section examines two
intersecting perspectives — centred on technology/production and economic
growth —which have dominated policy discourse on agricultural development.
Over the past sixty years or so, these two narratives have come to shape the
dominant policy discourses in agricultural development, each with deeply
rooted historical precedents. Both have invoked crises in debates about global
and regional agri-food systems, drawing on different sources for scientific le-
gitimacy and calling for and in turn receiving impressive international responses
through the international aid machinery. In presenting an overarching narrative
of progress through modernisation and growth, they suggest a particular (set
of) pathway(s) for development. But they also raise some important questions:
how do these long-dominant perspectives frame and structure debates and,
in so doing, include and exclude different perspectives? How do they respond
to the challenges of dynamic change and complexity? And how do they frame
debates about sustainability?

This section tackles these questions with a look at how these two mainstream
perspectives have emerged historically. While there have been numerous
variations on these two themes — technological change and economic growth
—over the past decades they have remained the deeply embedded core narra-
tives framing agri-food policy. While the discourse has shifted slightly in tech-
nological terms, from the ‘Green Revolution’ to the ‘Gene Revolution’ or ‘New
Green Revolution’ (cf. Rockefeller 2006), and in economic terms, from the ‘old
agriculture’ to the ‘new agriculture’, they persist as equilibrium-centred guiding
narratives, portraying technological change in a linear fashion. In this section,
then, we examine the history of these framings and their influence on agricul-
tural science and policy over the latter half of the 20™ century and highlight how
they continue to shape the current debates on the future of agri-food systems
in the 21+ century.
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THE PRODUCTION-INNOVATION NARRATIVE

One of the most compelling core narratives framing agricultural policy and
practice relates to the application of scientific knowledge to agriculture, linked
to a linear view of modernisation, often influenced strongly by Malthusian
concerns about increasing food production to meet growing populations and
avert famine.

The standard model of an ‘Agricultural Revolution’ is usually taken to imply
a dramatic increase in both output and productivity. This first took place in
England during the century after 1750 and ran in parallel with and reinforced the
Industrial Revolution (Overton 1996), a time when famine was still common in
Europe.! The term Agricultural Revolution has also been applied to agricultural
changes in other parts of the world, notably France (Dyson 1996). In England,
output increased through the intensification of land use, while land productiv-
ity increased through diffusion of mixed farming systems which incorporated
fodder crops into arable ‘four-field’ rotation systems. Clover and other legumes
(e.g. peas and beans) were particularly important since they converted atmo-
spheric nitrogen into soil nitrogen and thus made a net addition to the supply
of the most important nutrient for arable crops (Smil 2004). Labour productiv-
ity also rose at an unprecedented rate, but there is no obvious technological
explanation for this before the mid-19™" century and probably had more to do
with associated institutional changes, notably the Inclosure Acts (Kerridge
1992, 1967; Allen 1991; Wordie 1983; Jones 1974). In France, in the 18" and 19t
centuries, the amount of land that was farmed was determined by how much
could be harvested by one person with a scythe. From the mid-19™ century the
introduction of machines for harvesting and threshing grain improved labour
productivity dramatically.

From the mid-18™" century onward English and later French agriculture were
able to feed an unprecedented rise in population. The rise in labour productiv-
ity meant that a smaller proportion of the workforce was engaged in farming
and therefore a larger proportion was available to work in industry. In turn, an
increasing urban population drove the need to increase yields and improve agri-
cultural efficiency even further. The twin effects of agricultural technological in-
novations, particularly fertilisation improvements and mechanisation, enabled
a doubling of the world’s population from one billion in the mid-18™ century
to two billion by the middle of the 19™ century. Traditional farming relied on
a combination of increasingly intensive recycling of organic wastes and culti-

1 Though some authors argue that England’s agricultural revolution took place earlier (cf. Allen
1991; Jones 1974).
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vation of leguminous crops, but these inputs were insufficient to sustain high
crop yields over large cultivated areas. As the concerns about future nitrogen
intensified during the latter half of the 19* century, chemists tried to prepare
ammonia, the simplest of all nitrogen compounds, from its elements (Smil
2004; 2000). Concerns grew once again that a burgeoning population would
be plunged into Malthusian disaster and significant efforts were made to apply
science to develop new technologies to boost agricultural productivity.

According to this production-focused framing of agricultural change, salva-
tion came with the development of the ‘Haber-Bosch process’ in which atmo-
spheric nitrogen was fixed and used to manufacture ammonia fertiliser. Beyond
the landmark development of synthetic fertilisers, the 20™ century has also
been widely viewed as an era of plant breeding and, more recently, molecular
genetics (Leigh 2004; Smil 2004). The introduction of the concept of ‘hybrid
vigour’ by Schull in 1900 stabilised U.S. maize production (Trewavas 2001). For
the first time the genetic base of crop production could be controlled and easily
adjusted to accommodate the differing agro-ecological conditions found in the
continental United States. This new technology was soon to spread other parts
of the industrialised world and, eventually, to developing countries through an
unprecedented global effort to meeting the perceived threat of rising popula-
tion and global food demands.

THE GREEN REVOLUTION

The ‘Green Revolution” was a phrase coined to refer to the development of
so-called ‘miracle seeds’ — the high yielding (or at any rate highly responsive)
varieties (HYVs) especially of wheat and rice, which held out the prospect for
spectacular increases in cereal production and the transformation of develop-
ing world agriculture. This transformation occurred as the result of programmes
of agricultural research, extension and infrastructural development, instigated
and largely funded by the Rockefeller and Ford Foundations, along with other
major agencies from the 1940s to the 1960s (Dowie 2001). The term ‘Green
Revolution” was first used in 1968 in a speech by William Gaud, the former
Administrator of the U.S. Agency for International Development, who stated:

Recordyields, harvests of unprecedented size and crops nowin the
ground demonstrate that throughout much the developing world
—and particularly in Asia — we are on the verge of an agricultural
revolution... Theseandotherdevelopmentsinthefieldofagriculture
contain the makings of a new revolution. It is not a violent Red
Revolution like that of the Soviets, nor is it a White Revolution like
that of the Shah of Iran. | call it the Green Revolution (Gaud 1968).
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Implicit in Gaud’s statement and the underlying rationale of the architects of
the Green Revolution, both the philanthropists who funded it and the plant
breeders who made it possible, was what John Perkins (2003) has termed the
‘Population-National Security Theory’. This assumed that population growth led
in a Malthusian fashion to hunger, which, in turn, could lead to social unrest, pro-
viding opportunities for the growth of communism (i.e. Gaud’s ‘Red Revolution’).
Thus, in order to understand the origins and genesis of the Green Revolution,
the global effort to develop HYVs must be located in this earlier geopolitical
landscape of the Cold War, which embraced a Malthusian view of food shortages
in the post-1945 period and the recognition that the Green Revolution could
be used as a key instrument of US foreign policy (Cullather 2004; Perkins 2003;
Dowie 2001; Thompson 1992).

While the meaning and consequences of the Green Revolution remain contest-
edissues, the key elements of its technological thrust are undisputed: the set of
production practices for farmers in developing countries rested on the develop-
ment of Mendellian genetics, applied plant breeding (led by the UK and the US),
the ability to manufacture and market inexpensive nitrogen fertiliser (cf. Smil
2004), and the controlled supply of water through irrigation technologies.

In the first phase of the Green Revolution, rice and wheat were the primary crops
and Mexico, India and the Philippines were its crucibles. The International Rice
Research Institute (IRRI) was founded near Manila in 1960 and the Center for
Maize and Wheat Improvement (CIMMYT) in Mexico in 1963. What began in the
1940s under the auspices of the Rockefeller Foundation focused on improv-
ing wheat has grown in half a century to a massive multi-billion dollar network
of 15 international agricultural research centres — the Consultative Group of
International Agricultural Research (CGIAR) and dealing with virtually all major
food complexes in over 100 countries (Yoxen 1983). This research programme
for HYVs has brought together in university-type research centres transnational
groups of scientists which conducted sophisticated breeding programmes. IRRI,
for example, built upon rice breeding expertise and dwarf varieties from China,
Japan and Taiwan to produce, through hybridisation, new dwarf HYVs which were
resistant to lodging, sensitive to nitrogen fertilisers and which could be double
or triple cropped through a shortening of the growing season. Similar achieve-
ments were made for wheat after Norman Borlaug (later awarded the Nobel
Peace Prize for his work) crossed Japanese semi-dwarf varieties with Mexican
wheats at CIMMYT in Mexico. High-yielding varieties have since been developed
by the CGIAR for other major food crops important to developing countries,
including sorghum, millet, maize, cassava and beans. Through the 1970s and
1980s, the diffusion of these hybrid planting materials and associated technolo-
gies (pumpsets, small tractors, etc.) included a central role for the state. This
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typically involved new subsidies, credit, extension services, irrigation infrastruc-
ture development and national breeding programmes. A hallmark of the Green
Revolution was that land productivity increased faster than labour productivity
as aresult of the new technological packages, thus increasing employment and
wages, and that total factor productivity in agriculture increased faster than the
fall in food prices, so both poor producers and consumers benefited (Hazell and
Ramasamy 1991; Lipton with Longhurst 1989).

Since the 1990s, this approach has given way to a much stronger emphasis on
private sector provision of these services in many countries —both private com-
paniesand NGOs—butthe mix of technologies remains remarkably similar. Today,
HYVs are grown worldwide — including roughly 95 percent of the rice in China
and Korea, and 70 percent of the rice in India and the Philippines — and there
is no question that the rate of growth of food output per capita has exceeded
population growth rates in the developing world since 1950 because of the
productivity gains of the Green Revolution (Smil 2004; Conway 1997; Lipton
with Longhurst 1989). But there has been considerable disagreement over the
productivity increases attributed to Green Revolution HYVs. In one of the best
known and earliest reviews, Keith Griffin (1974) painted a bleak picture of the
effects of HYVs between 1970 and 1974, arguing that there had been no Green
Revolution in rice. A subsequent assessment by Michael Lipton with Richard
Longhurst (1989) showed that the output increases in wheat and maize were
indeed dramatic (at least 4 per cent per year) and that those in rice were slower,
but no less substantial overall. Lipton and Longhurst pointed out, however, that
there were significant regional differences, with Africa missing out on balance,
and that there were major problems of equity within countries which reflected
disparities in irrigation development and water control investment.

In the first phase of the Green Revolution, a number of important technical and
socio-economic problems emerged, including those associated with: pest and
weed control, post-harvest storage and processing and ecological deterioration
(particularly loss of germplasm, water depletion and toxicity). At the heart of this
impact question are issues of the governance of science and technology and
questions of equity, poverty and social justice. In the early years, the adoption of
GreenRevolution ‘packages’—andtherecognition thatthese were notin practice
scale neutral (i.e. that they favoured larger, resource-rich farmers) — prompted
much analysis of new forms of social differentiation among peasantries, of
conflict between ‘adopters’ and ‘non-adopters’, and of deteriorating labour
conditions as HYVs were labour-displacing rather than labour-saving. There
was no simple polarisation of landholding in places like India and Philippines,
though there has been the consolidation of a class of increasingly commer-
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cialised and organised rich farmers who benefited from adoption of the new
technologies. These growing social differences inspired farmers’ movements
in many countries and influenced key agricultural policy agendas. The impact
on labour markets (new forms of migration, changing forms of tenancy, etc.),
on land tenure arrangements and on social inequality is enormously complex
in part because of the linkages between on-farm productivity increases and
off-farm employment opportunities (Davis, et al. 2002; Hazell and Ramasamy
1991). Amplified inequalities have often emerged, but this has often been at-
tributed by the proponents of the Green Revolution to population pressures
and state rent-seeking rather than to technology-driven agricultural change as
such. All of these direct and indirect consequences have sparked a debate over
the consequences of HYVs, and new agricultural technologies more generally,
which continues to the present.

The Green Revolution has undoubtedly increased aggregate food output per
capita and enabled agricultural production to keep pace with population growth,
both more than doubling since the 1960s. But this has often neither increased
food availability for the poor (Dréze and Sen 1989) nor improved the lot of many
poor farmers and farmworkers (Evenson and Gollin 2000). The first issue turns
less on output than on availability and ‘entitlements’ —in short, the social com-
ponent of the revolution. The second refers to the problems of both the uneven
adoption of HYVs and the inherent biases built into the technology packages
themselves. The ‘miracle seeds’ and associated technologies are often not
‘pro-poor’ and do not address the needs of land-poor and landless producers,
as there was little appreciation of the complexity and diversity of either farmers’
physical or social environments. Thus, it should come as no surprise that in
India, one of the heartlands of the Green Revolution, the poorest 30 percent of
the population (some 285 million people) saw virtually no increase in their low
cereal and nutrient intakes over the last 25 years of the 20th century (Rao and
Radhakrishna 1999).

Furthermore, the revolution brought with it a wide array of environmental
problems. Vast expanses of monocropped cereals required tight control to
maintain their stability. Control of crops and their genetics, of soil fertility via
chemical fertilisation and irrigation, and of pests (weeds, insects and patho-
gens) via chemical pesticides, herbicides and fungicides — the hallmarks of the
Green Revolution — affected agroecosystems by the use and release of limiting
resources that influence ecosystem functioning (i.e. nitrogen, phosphorus and
water), release of pesticides and conversion of natural ecosystems to agricul-
ture. This prevailing form of agriculture caused a significant simplification and
homogenisation of many of the world’s ecosystems. Thus, today four once-rare
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plants (maize, rice, wheat and barley) have become the dominant plants on
earth as humans have become the dominant animal. Indeed, these four annual
grasses now occupy roughly 40 percent of global cropland (Tilman, et al. 2001;
Tilman 1999).

Despite these shortcomings, the production-innovation narrative that underpins
the Green Revolution continues to enjoy wide currency in policy and scientific
circles. There is debate over whether the first phase of the revolution has con-
tinued or ended, since there have been no new seed breakthroughs in produc-
tivity levels in the world staple crops in recent years. Nevertheless new efforts
are underway to launch a ‘New Green Revolution for Africa’, which mightinclude
many of the same technology-focused attributes as Asian Green Revolution.?
In addition, the Green Revolution has entered a second phase associated with
recentbreakthroughsin molecular science and recombinant DNA. This so-called
‘Gene Revolution” is much more focused on private capital and coordination of
biotechnology than on state-led support of the development and distribution
of global public goods in the form of new hybrid seeds (cf. Brooks 2005; Seshia
and Scoones 2003). As with the first Green Revolution, questions must be asked
whether this Gene Revolution must also come as relatively expensive packages,
and therefore risk amplifying inequalities further, or whether there is or could
be a ‘pro-poor’ GM technology, and if so, the conditions under which it might be
developed (Spielman 2006; Chataway 2005).

2 Alliance for a Green Revolution in Africa (AGRA) is a joint initiative of the Rockefeller Foundation
and the Bill and Melinda Gates Foundation committed to reducing hunger and poverty in

Africa through agricultural development. The primary goal of the Alliance is to ‘increase the
productivity and profitability of small-scale farming using technological, policy and institutional
innovations that are environmentally and economically sustainable’. The Program for a Green
Revolution in Africa (ProGRA) is a supporting organisation that is being administered under the
aegis of AGRA. The first initiative of ProGRA is the Program for Africa’s Seed Systems (PASS). It
began in 2006 and will be funded with a total of $150 million over a five-year period. It has four
main components which its sponsors claim will provide an integrated approach to the scientific,
educational, economic and policy aspects of building seed systems in Africa: (1) Education for
African Crop Improvement; (2) Fund for the Improvement and Adoption of African Crops; (3) the
Seed Production for Africa Initiative; and (4) the Agro-Dealer Development Program. For details,
see the official Rockefeller Foundation website: http://www.rockfound.org/initiatives/agra/agra.
shtml. There have been a number of recent critiques of AGRA, including one by three leading
agroecologists linked to the Center for Food and Development Policy (Food First) (Holt-Gimenez, et
al. 2006) - http://www.foodfirst.org/files/pdf/policybriefs/pb12.pdf - and another by GRAIN (2006)
the international agrobiodiversity NGO - http://www.grain.org/articles_files/atg-7-en.pdf.
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THE GROWTH NARRATIVE

A second, equally powerful narrative of agricultural change emerged in some of
the post-war development literature in the 1940s and has increased in popular-
ity ever since. This has subsequently focused on the role of agriculture as an
‘engine of economic growth’ and is frequently based on evolutionist assump-
tions about the economic and social transformation of the agrarian economy
— from backward to modern, from subsistence to market-orientated, from the
‘old” to ‘new’ agriculture (World Bank 2007, 2005; OECD 2006). While this nar-
rative incorporates key dimensions of the production and innovation narrative
described above (as part of the transformative elements needed to bring about
change), its emphasis is firmly on the catalytic role of agriculture. The central
argument is that no country has been able to sustain a rapid transition out of
poverty without raising productivity in its agricultural sector (Lipton 2005).
Much of this debate has been led not by agricultural scientists and engineers,
but by economists and development theorists. Consequently, it has influenced
the policies and programmes of key international development agencies, par-
ticularly the Bretton Woods institutions of the World Bank and the International
Monetary Fund.

In the early 1950s, most development economists believed the agricultural
sector had little to contribute to economic development. Classical theorists, led
by Arthur Lewis (1954), viewed economic development as a growth process of
relocating factors of production, especially labour, from an agricultural sector
characterised by low productivity and the use of traditional technology to a
modern industrial sector with higher productivity. The contribution of agricul-
ture to economic development was seen as limited and diminishing. Agriculture
acted more as a source of food, fibre and labour than a source of economic
growth. Although marginal, agricultural growth was still viewed by most analysts
as necessary for successful economic transformation for two reasons: (1) to
ensure the supply of food and prevent rising food prices and real wages from
undermining industrial development; and (2) to utilise a major natural resource
(i.e. land) as an additional ‘free’ source of growth that would not compete with
resources for industrial growth. Nonetheless, Lewis’s theory was invoked to
support the industrialisation-led strategies adopted by many developing coun-
tries during the 1950s and 1960s. Indeed, ‘development’ was generally equated
with a decline in agriculture’s share of both national income and employment.
The aim of development policy was to enhance the transfer of resources from
traditional agriculture to the industrial sector. An additional role of agriculture
was to provide the rising urban population with adequate food at reasonable
prices, thereby curtailing inflationary pressure and reducing any risk of political
uprisings (e.g. ‘food riots’).
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Beginningin the early 1960s, however, a major revision in development thinking
argued for a central role for agriculture as a driver of growth, especially in the
early stages of industrialisation. In 1961, Bruce Johnston and John Mellor wrote
aninfluential article entitled ‘The Role of Agriculture in Economic Development’,
in which they argued that agriculture can serve as a catalyst to economic
growth (Johnston and Mellor 1961). They asserted that agriculture could make
five important contributions to economic development. It could provide labour
to the industrial sector; offer limited amounts of capital for the industrial sector;
generate foreign exchange through trade of agricultural commodities; supply
low-cost food to growing urban populations; and provide a significant market
for both domestic and industrial goods and services (e.g. clothing, tools, ma-
chinery, etc.).

By emphasising expenditure linkages — especially through consumption
—Johnston and Mellor’s work countered the argument that growth linkages are
low in small-scale agriculture because of relatively low use of external inputs.
Using an array of techniques ranging from simple input-output and expendi-
ture models to more complex social accounting matrices, multi-market models
and village and regional computable general equilibrium (CGE) approaches, this
research showed that growth in agriculture does indeed generate rural non-
farm growth and growth in the wider economy. Generally speaking, however, it
was not until the mid-1960s —in parallel with the emergence of the production-
innovation narrative centred on the Green Revolution — that development pro-
fessionals began to view agriculture as an important component of economic
growth. In this period, as discussed above, agricultural development placed
heavy emphasis on direct transfer of agricultural technology from industrialised
to developing countries. The U.S. agricultural extension system was widely
touted as a vehicle for accomplishing this goal, with emphasis on the diffusion
or Transfer of Technology (TOT) model to poor producers (Ruttan 1998).

In post-war development literature, peasant producers were often portrayed
as obstacles to agricultural development, as they were seen to be bound by
custom and tradition. In an iconoclastic work published in the mid-1960s, the
economist Theodore W. Schultz (1964), who subsequently received the Nobel
Prize in Economic Sciences, advanced a view of peasant producers as ‘efficient
but poor (Abler and Sukhatme 2006). He viewed them as making efficient use
of the resources at hand but living in societies in which productivity enhancing
high-payoff inputs had not been made available to them. Schultz insisted that
the principal source of growth in agricultural production in modern agriculture
was reproducible resources. Although the services of nature, particularly land
and water, would be essential for sustaining agricultural production, the sources
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of growth would be based on new knowledge and new technology. Schultz’s
point was that the root of rural poverty lay in the lack of profitable agricultural
technologies and a lack of investment in the ‘human capital’ needed to cope
with changing agricultural development (Klein and Cook 2006; Schultz 1968,
1961). Consequently he advocated greater investments in education and
training to increase human capital and enhance agricultural development.

It was also in the mid-1960s that Arthur Mosher (1966) published Getting
Agriculture Moving: Essentials for Development and Modernization, which was
widely read in development circles and translated into numerous languages.
He argued that there are five ‘essentials’ which must be available to farmers if
agriculture is to develop and a further five ‘accelerators’ that will ‘get agriculture
moving.” Mosher’s five ‘essentials’ are strikingly prescient, as they anticipated
many of the main arguments made by proponents of ‘pro-poor agricultural
growth’ today: (1) markets for farm products — with emphasis on the need for
adequate infrastructure to move farm products to market, thereby cutting
transaction costs, and the agro-enterprises to sustain a supply chain; (2) un-
ceasing changes of technology — which highlights that by having access to and
evaluating new and changing technologies, farmers learn to choose selectively
to increase productivity and minimise risk; (3) local availability of supplies and
equipment — which also depends on adequate infrastructure and enterprise
development; (4) production incentives for farmers — this relates to favour-
able policies for the agricultural sector and fair prices for farm products; and (5)
transportation — again linked to infrastructure and agribusiness development.
To complement these ‘essentials’, Mosher called for five ‘accelerators” (1) edu-
cation for development; (2) production credit; (3) collective action by farmers;
(4) improving and expanding agricultural land (through good husbandry and
adoption of appropriate technologies); and (5) national planning for agricultural
development, with emphasis on enlightened public policies that support the
agricultural sector.

THEORY AND PRACTICE

Despite this call to ‘get agriculture moving’, the very opposite took place over
the next two decades. Up to the 1980s, agricultural producers were widely taxed
by a variety of distortionary policies (Krueger, et al. 1991). Macroeconomic
policies that overvalued exchange rates and protected import-substituting
industries that were then common had especially severe negative impacts on
the agricultural sector, which produces largely tradable commodities. Within
the agricultural sector, widespread intervention through parastatal institutions
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that taxed export crops and held down food prices in the interests of urban con-
sumers also reduced incentives for farmers. Numerous studies have shown the
high costs of these policies to agriculture and ultimately to the rural poor; what
Michael Lipton termed ‘urban bias’ (Lipton 1977).

In an attempt to counter those trends, the World Bank released its 1982 World
Development Report, which addressed the role of agriculture for development.
Its main observation was that impressive progress had been made as a result of
the Green Revolution, but that those achievements had been uneven, bypassing
significant parts of the world, particularly Africa. Its principal policy recommenda-
tions were to: remove the pervasive distortions in price incentives, because even
smallholders are price-responsive; increase public and international investment
in agricultural research, especially for Africa where it was lagging; and increase
publicinvestmentin rural infrastructure, irrigation and education, in part relying
on development assistance from multi-lateral agencies like the World Bank and
donor countries (World Bank 1982). From the 1980s, many developing coun-
tries implemented ‘stabilisation’ and ‘structural adjustment’ policies under the
guidance of the World Bank and IMF that substantially improved the macroeco-
nomic environment in terms of liberalised imports, a market-based exchange
rate and greater fiscal discipline and reduced inflation. However, their record of
liberalisation in the agricultural sector itself was ambiguous and theirimpact on
poverty, food security and hunger was decidedly mixed (Sahn, et al. 1997).

The structural reforms of the 1980s were pushed even harder by the so-called
‘Washington Consensus’ in the 1990s, which emerged as the dominant devel-
opment paradigm. It emphasised economic growth through global trade and
market liberalisation, with the role of the state reduced to providing the gov-
ernance and regulatory environment to allow markets to work well, along with
investments in core public goods. Agriculture did not feature centrally in the
early Washington Consensus debates, however, and the main economic reforms
either excluded the sector altogether or were implemented only partially (Kydd
and Doward 2001).

A REVERSE SWING OF THE PENDULUM

Despite this apparent lack of interest and investment in agriculture and rural
development, agriculture-led growth has recently returned to the top of key in-
ternational development agendas. With agriculture still the key sector in many
developing economies, getting agriculture onto a growth pathisincreasingly the
core theme of policy documents, both from international donors and national
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governments. Whether in the context of the World Bank’s forthcoming World
Development Report for 2008 on agriculture for development, the Organisation
for Economic Co-operation and Development (OECD) Poverty Network report
on agriculture or DFID’s recent agricultural policy paper, emphasis now is being
placed on efforts to develop ‘pro-poor’ agriculture that is also ‘pro-growth’
(World Bank 2007, 2005; OECD 2006; DFID 2005; cf. Cabral and Scoones 2006
for a review). Hence, today the World Bank argues that the agenda set out in
its 71982 World Development Report, which focused on incentives, technology
and public investment in agriculture, remains incomplete. For many poor coun-
tries, access to international agricultural markets is very problematic despite
promotion of explore-led agricultural development policies. The suspension
of the Doha development round of trade talks has inhibited the dismantling of
protectionist tariff and trade policies which serve as barriers to entry to OECD
markets for agricultural products from developing countries (Anderson, et al.
2006; Ingco and Nash 2004; Wade 2003). Technological gaps have also widened
sharply for the poor (Pardey, et al. 2006). Furthermore, rural public investments
in both infrastructure and social development remain hugely inadequate, es-
pecially in the agriculture-based countries (Bezemer and Headey 2006; Fan, et
al. 2000). Thus, the World Bank believes completing this pro-poor agricultural
growth agenda should be a priority for the international development commu-
nity (World Bank 2007).

Similarly, in many developing regions, including Africa, many governments
are increasingly highlighting agricultural growth. For example, Uganda has a
strategy for agricultural modernisation, Kenya has launched a Strategy for the
Revitalisation of Agriculture and Ethiopia has committed to a second Poverty
Reduction Strategy Paper (PRSP) — the PASDEP or the Plan for Accelerated
and Sustained Development to End Poverty, all of which are committed to a
substantial push to accelerate agriculture-driven economic growth. Not since
the 1960s and 1970s has the argument for a trickle-down approach to develop-
ment, following on from growth and ‘modernisation’ in the productive sectors,
been so dominant.

Why has this growth-focused agricultural narrative re-emerged with such
renewed vigour? The policy message that surfaces from this now substantial
body of work is clear: increases in productivity in small-scale agriculture can
result in broader gains to the wider economy, with spin-offs to the rural non-
farm sector. In time, the argument goes, this will result in a transition from a
broadly subsistence-based agricultural economy to one which can afford
more inputs and become more commercial, specialising along the way — if
directed by demand — into high-value niche commodities and global markets.
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As the sector’s fortunes improve, the opportunities for exit from agriculture will
increase as off-farm opportunities grow (e.g. in farm labour, agro-processing
and the rural service sector). Such growth will create an economic ‘pull’ — rather
than the current situation of being pushed out from a failing agriculture. The
end result, it is argued, will be a vibrant, fully modernised integrated economy,
with a small but efficient agricultural sector continuing to generate growth and
employment (cf. Poulton, et al. 2006; Almond and Hainsworth 2005; IFPRI, et al.
2005).

That at least is how the standard version of the current ‘pro-poor agriculture
growth’ narrative represents its analysis and perspective. But what are the
problems with this simple account, so often repeated in current policy debates?
If the relentless economic logic is so powerful, why hasn’t it already happened
in large parts of the developing world, including Africa? And is there really only
one pathway for such a complex process? Debates on economic growth and
agriculture are manifold, but some important qualifications and critiques to the
standard growth narrative can be identified.

Firstly, are the models that generate this account sufficiently realistic? Models,
such as social accounting matrix (SAM) models (cf. Vogel 1994) and even more
complex, economy-wide multi-market (EMM) and CGE models (cf. Diao, et al.
2007) are of course only as good as the assumptions and the data on which they
are built, and in the case of growth linkage models these are open to question
(Haggblade, et al. 1991). It is, however, less the technical and data limitations
of the models that are of concern than the way they frame and influence the
policy debate. In Ethiopia, for example, the argument for focusing new PRSP
investments on ‘going for growth’, with an emphasis on boosting commercial
agriculture, is based on a series of SAM modelling inputs into the policy process.
Necessarily, but perhaps problematically, these simplify the debate into one
that considers just a few policy categories. For instance, in the case of the 2001-
02 Babo Gaya SAM constructed by researchers at the International Food Policy
Research Institute and associates, the agricultural economy for the nation as a
whole is divided into ‘subsistence crop farming’, ‘subsistence livestock farming’
and ‘commercial (or ‘modern’) crop farming’ (Taffesse and Ferede 2004). By
showing that what is (vaguely) defined as ‘commercial’ or ‘modern’ farming
contributes a significant value-added share (so overall growth benefits) to the
national economy, the study provides the empirical evidence for the policy
recommendations from both government and donors. This ‘evidence’, in turn,
is interpreted as implying a particular type of investment and support for a par-
ticular approach to the commercialisation of agriculture (Teshome 2006).
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Secondly, such discussion —reinforced by such models —is often wrapped up in
another argument, that there is somehow a defined, uni-linear set of ‘stages’, in-
volving singular trajectories to some desired end (usually away from a backward,
subsistence form of farming towards something better, more modern and com-
mercial). A familiar argument since Walt Rostow’s famous ‘Stages of Growth’
thesis (1960) is that economic development consists of a series of clearly
defined steps, and that the challenge is to find the technology, institutional
instruments and market incentives to push things from one stage to the next.
This is central to the Johnston-Mellor-style growth argument discussed above
and much academic and policy discussion since (cf. Dorward, et al. 2004; Eicher
and Staatz 1998; Mellor 1995). But such stagist-evolutionist arguments about a
somehow necessary move from one stage to the next can also be questioned, as
they focus narrowly on the aggregate benefits of growth rather than on broader
distributional aspects, such as who acquires those benefits, and whether there
might be other alternative pathways out of poverty.

This is not to deny the need to generate growth and foster linkages between
farm and non-farm, rural and urban worlds. Instead it provides an argument for
understanding how in particular contexts, growth trajectories are different, and
require different inputs, incentives and governance arrangements. Not all de-
veloping country farmers need to end up growing French beans or carnations
through out-grower schemes for the European market, even if this is a good
plan for some farmers in some places. There are other opportunities that need
to be sought out, and the generalised models and universalised policy prescrip-
tions do not help in the search for these pathways to sustainability, particularly
in a period of rapid change and uncertainty.

6. ALTERNATIVE NARRATIVES: CHALLENGES TO THE
DOMINANT PERSPECTIVE?

Despite the dominance of the Production-Innovation and Growth perspectives,
there are a number of well-documented alternative narratives to mainstream
agriculture that have emerged over the past two decades. We have selected two
of the most prominent alternatives, as they have attracted substantial atten-
tion in key policy and scientific circles and represent separate, but complemen-
tary intellectual and philosophical traditions. The first of these may be broadly
termed ‘Agroecological’, while the second may be described as ‘Participatory’.
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Both alternative visions seek to understand the dynamic nature of agri-food
systems. Thus, they are necessarily interdisciplinary and synthetic in nature,
historically situated (seeking to understand socio-ecological interactions in
place-based context), and emphasise the development and application of in-
tegrated approaches that build on local knowledge and skills. Moreover, both
stress the democratisation of agricultural research and development, support
diverse forms of co-inquiry and co-management, and promote people-centred
learning and action to foster change. Consequently, they do not take complex
ecological and socio-economic issues and socio-ecological interactions in ag-
riculture for granted, or focus on some narrow aspects of them by creating a
science of the parts. Instead, they problematise them and, by so doing, embrace
complexity and diversity — potentially supporting multiple pathways to sustain-
ability. However, there are also clear limits to such approaches. Questions are
raised, in particular, about the capacity to scale up such initiatives to meet the
challenges of agri-food systems globally. This section, then, explores these two
alternative perspectives, assessing the degree to which they meet the chal-
lenges of sustainability discussed in the previous section.

AGROECOLOGICAL ALTERNATIVES

In recent decades, farmers and researchers around the world have responded
to the extractive industrial model with ecology-based approaches, variously
called ‘alternative’, ‘sustainable’, ‘natural’, ‘low-input’, ‘low external input’, ‘re-
generative’, ‘holistic’, ‘organic’, ‘biointensive’, and ‘biological’ farming systems.
All of them, representing thousands of farms and farming environments,
have contributed to an understanding of what sustainable agri-food systems
are, and each of them shares a vision of ‘farming with nature’, an agroecology
that promotes biodiversity, recycles plant nutrients, protects soil from erosion,
conserves water, uses minimum tillage, and integrates crop and livestock enter-
prises on the farm.

Agroecology has emerged as the discipline that provides the basic ecological
principles for how to study, design and manage alternative systems that address
not just environmental/ecological aspects of the crisis of modern agriculture,
but the economic, social and cultural ones as well (Rickerl and Francis 2004;
Francis, et al. 2003; Altieri 1995). It seeks to go beyond a few-dimensional view
of agroecosystems — their genetics, agronomy and profitability — to embrace
an understanding of ecological and social levels of co-evolution, structure and
function. Instead of focusing on a few particular components of the agroeco-
system, it emphasises the interrelatedness of multiple system components and
the complex dynamics of socio-ecological processes.
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In essence, the behaviour of agroecosystems depends on the interactions
between the various biotic and abiotic components. By assembling a functional
biodiversity it is possible to initiate synergisms, which support agroecosystem
processes by providing ecological services such as the activation of soil biology,
the recycling of nutrients, the enhancement of beneficial arthropods, and so on
(Uphoff, et al. 2006). Agroecological approaches do not stress boosting yields
under optimal conditions as Green Revolution technologies do, but rather they
assure stability, resilience and thus sustainability of production under a whole
range of soil and climatic conditions and most especially under marginal condi-
tions (Conway 2007, 1985).

Rather than depend on exogenous inputs, as in Green Revolution agriculture,
agroecological practices mobilise as much as possible endogenous biological
processes and potentials that are located within existing plant, animal and mi-
crobial genomes and that can be elicited from interactions among these diverse
organisms and within and between their communities. With this in mind, the
basic components of sustainable agroecosystems involve: vegetative cover as
an effective soil- and water-conserving measure, met through the use of no-till
practices, mulch farming, use of cover crops, etc.; the regular addition of organic
matter (manure, compost and the promotion of soil biotic activity); nutrient re-
cycling mechanisms through the use of crop rotations, crop/livestock systems
based on legumes, etc.; pest regulation assured through enhanced activity of
biological control agents, achieved by introducing and/or conserving natural
enemies; and the restoration of diversity to the system through intercropping,
rotations, agroforestry and the integration of crops and livestock (Uphoff, et al.
2006; Altieri 2002; Carrol, et al. 1990).

Generally, agroecological production focuses and manages resources in more
intensive, smaller-scale operations that are more resource-efficient than ex-
tensive, large-scale production units. Many of the economic advantages that
larger farms currently enjoy come more from economies of size than from true
economies of scale. Thus, the commonly-found higher productivity per unit area
on smaller farms is due in part to the greater diversity and integration found in
small farm agriculture, as well as to the larger proportion of their land that small
farmers actually plant and the greater amount of labour that they apply per unit
area. This means that their lack of profitability derives more from their lack of
market (bargaining) power than from true factor-use efficiency (Uphoff 2007).
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As Miguel Altieri (2004: 14), one of the leading advocates of agroecology, has
observed:

..a key challenge for agroecologists is to translate general
ecological principles and natural resource management
concepts into practical advice directly relevant to the
needs and circumstances of smallholders. The strategy
must be applicable under the highly heterogeneous and
diverse conditions in which smallholders live, it must be
environmentally sustainable and based on the use of local
resources and indigenous knowledge. The emphasis should be
on optimizing the productivity of complex systems at the field
or watershed level, rather than the yield of specific commodities.

In addition to a focus on integrated biological processes, current trends among
promoters of agroecology include tapping into the knowledge and skills of
farmers to understand and respond to the changing ecological dynamics of
local agri-food systems. Knowledge-based innovations responding to local
conditions with local resources are, it is argued, to be preferred. In addition,
such technology can be generated and promoted through learning techniques
that build farmers” human and social capital. This work links up with interest in
what is variously termed ‘indigenous technical knowledge’ (ITK), ‘rural people’s
knowledge’ (RPK), and ‘ethnoscience’ extending back to the 1970s in develop-
ment (cf. Howes and Chambers 1979), and many important strands of later work
(Warren, et al. 1995; Scoones and Thompson 1994; Richards 1985; Brokensha,
et al. 1980). Rural people’s knowledge about agroecosystems usually results
in multidimensional, productive land use strategies, which generate, within
certain ecological and technical limits, the food self-sufficiency of communities
in particular regions. In this respect, agroecology may be defined as the ‘ecology
of sustainable food systems’ (Gliessman 2006).

By understanding ecological features of agriculture, such as the ability to bear
risk, production efficiencies of symbiotic crop mixtures, recycling of materials,
reliance on local resources and germplasm, exploitation of full range of micro-
environments, it is possible to obtain important information that may be used
for developing appropriate agricultural technologies and innovations tailored to
the needs, preferences and resource base of specific farmer groups and regional
agri-food systems. But agroecosystems are also part of wider socio-ecological
systems, too. Thus, there is a growing recognition, informed by feminist politi-
cal ecology, that they have co-evolved with and are suited to particular social
relations (e.g. gender, labour, etc.), which are suited to specific social as well as
ecological contexts, although sometimes embodying inequalities and resource
differentials, too (Rocheleau, et al. 1996).
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RESOURCE-CONSERVING TECHNOLOGIES

There are a wide array of resource-conserving technologies and practices asso-
ciated with these Agroecological Alternatives. Advocates argue, however, that
what is important is not to focus on particular technologies or practices, but
on an assemblage of technologies and associated management practices that
incorporate crop diversity, legumes-based rotations, the integration of animals,
recycling, and the use of biomass and residue management. Some of the most
common integrated approaches include:

Integrated pest management (IPM), which uses ecosystem resilience
and diversity for pest, disease, and weed control, and seeks only to use
pesticides when other options are ineffective

Integrated nutrient management (INM), which seeks both to balance
the need to fix nitrogen within farm systems with the need to importin-
organic and organic sources of nutrients, and to reduce nutrient losses
through erosion control

Conservation tillage, which reduces the amount of tillage, sometimes
to zero, so that soil can be conserved and available moisture used more
efficiently

Agroforestry, which incorporates multifunctional trees into agricultural
systems, and collective management of nearby forest resources

Aquaculture, which incorporates fish, shrimps, and other aquatic re-
sources into farm systems, such as into irrigated rice fields and fish
ponds, and so leads to increases in protein production

Water harvesting, which can mean formerly abandoned and degraded
lands can be cultivated, and additional crops can be grown on small
patches of irrigated land owing to better rainwater retention

System of rice intensification, which seeks to increase the productivity
of irrigated and upland rice by improving the management of plants,
soil, water and nutrients, which contribute to both healthier soil and
plants supported by greater root growth and the nurturing of soil mi-
crobial abundance and diversity

Livestock integration into farming systems, such as dairy cattle and
poultry, including using zero-grazing.
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Increasingly, agroecological approaches seek to manage landscapes for both
agricultural production and ecosystem services, both of which can contribute
positively to increasing system productivity. For example, Jules Pretty and col-
leagues (2006) examined 286 completed and ongoing farming projects in 57
developing countries. Using questionnaires and published reports, they analysed
the projects and then revisited 68 of them four years later to assess the extent
to which they had increased productivity on 12.6 million farms, while improving
the supply of critical environmental services. The average crop yield increase
was 79 percent (geometric mean 64 percent). All crops showed water use ef-
ficiency gains, with the highest improvement in rainfed crops. The analysis of
pesticide-use practices showed that of projects that provided data, 77 percent
had a decline in pesticide application by 71 percent, while crop yields grew by
42 percent. Potential carbon sequestration amounted to an average of 0.35
metric tons of carbon per hectare per year (t-C/ha/yr). But when projected into
the future, the researchers found that global carbon sequestration could be 0.1
gigatons C/yr if only a quarter of the total area in each farm studied adopted
sustainable practices. The farmers studied increased above-ground carbon
sinks on their land by improving the organic matter in their soil. Although it is
uncertain whether these approaches can meet future food needs, Pretty and
his co-authors argue “there are grounds for cautious optimism, particularly as
poor farm households benefit more from their adoption” (2006: 1114).

KNOWLEDGE AND LABOUR CONSTRAINTS

However, there are other recent studies that call into question the kinds of
positive findings that Pretty and others have produced. For example, a research
team led by Robert Tripp (2006) recently conducted a detailed review of the
literature and the results of three carefully designed field studies that examined
farmers’ practices in Honduras, Kenya and Sri Lanka in areas where major,
successful programmes had been carried out employing ‘low-external input
technology’ (LEIT). The studies specifically sought to understand the long-term
consequences of such efforts. Many of the case examples of low-external-input
technologies require significant labour and skill inputs. But who has the labour
and skills for such innovations and flexible responses to uncertainty, and how
are these acquired?

Tripp and colleagues examined the complex trade-offs between the availability
of household labour (and the gendered dynamics of this), and health status
(through the impact of HIV/AIDS for instance), markets for hired labour, off-farm
income earning and migration and other agricultural activities. Equally, access to
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skills and knowledge may also be socio-economically differentiated, especially
with the decline in coverage of state run agricultural research and extension
systems, and the greater reliance on private sector input supplier and dealers,
who make their money from simple input packages (of seeds and fertilisers),
and not complex combinations of technology, skills and knowledge.

Poor farmers often require hands-on experience before they are motivated to
utilise many of these agroecological approaches. In some cases the resource-
conserving technologies are quite visible to neighbouring farmers, who are
capable of copying the ideas with a minimum of experience. In other cases
farmers need a period to learn and experiment with the technology and the ex-
perience is more difficult to communicate. Furthermore, in cases where complex
principles are the basis for a change in practice (e.g. agroecosystem analysis and
the rationale for IPM and INM) farmers may find it particularly challenging to
articulate what they have learned to their neighbours. The lack of diffusion of
the IPM message for irrigated rice, despite the success of farmer field schools
in Asia (cf. Berg and Jiggins 2007) is a challenge to conventional assumptions
concerning the diffusion of Agroecological Alternatives (Tripp et al., 2005).

A key conclusion of Tripp’s book is that low-external-input technologies are in
many respects no different to any other technology with different inputs. Their
reification in multiple NGO projects and the focus on their spread and scaling
up, has perhaps missed the wider debate about how to encourage appropriate
innovation systems that respond to the diversity of needs of highly differenti-
ated farming communities, and how, through such processes, to offer a wide
range of technology choice through various combinations of routes — public
and private, group-based and individual, deploying scientific and indigenous
knowledge. There is a need to use a diversity of methods too — and not just the
current fads — and develop robust institutions, both at local level, but critically
at national and international levels, which see the challenge of technology in-
novation and development in a more rounded, comprehensive way (Cernea and
Kassam 2005).

Given this background, it is clear that, to support pathways to sustainability,
such approaches need to focus on more than developing resource-conserving
technologies and integrated techniques. They must encompass the complexity
of resource use by addressing both the biophysical and social dimensions of
agriculture, including equity of distribution of benefits (Conway 2007, 1985).
When the scope of these alternative approaches extend beyond the production
field, they can help to understand and assess broader interactions and process-
es in agri-food systems, including conversion of natural resources, efficiency
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of production, processing of food items, marketing and consumption issues.
This allows an analysis of dynamic interactions throughout the entire system,
and provides tools to look at the global food chain in comparison to local food
systems. Such an analysis includes the impacts of regulations and policies at all
levels, as well as the potentials and applications of new technologies, and their
overall environmental impact.

PARTICIPATORY ALTERNATIVES

As we have seen, approaches centred on agroecological principles demonstrate
thatuncertainty, spatial variability and complex ecological dynamics are essential
properties of agri-food systems, highlighting the need for integrated responses
and adaptive management practices in which farmers and local resource users
play a central role in research and development processes (Stringer, et al., 2006;
Gunderson 1999). This calls for far greater appreciation of local farming prac-
tices and knowledge used by rural people to manage their own food systems.
This realisation suggests practical new avenues for technical support in which
farmers’ own priorities, knowledge, perspectives, institutions, practices and
indicators gain validity. Thus, another highly relevant stream of work, which is
complementary to, but distinct from the Agroecological Alternatives is centred
on farmers’ participation in research and development.

A focus on farmer participatory research and development emerged in
response to the many well-documented failures of technology transfer in the
1970s and 1980s and sought to reconceptualise the agricultural research and
development process to focus on participatory technology development. The
core aim was to put farmers at the centre of the innovation process, working in
collaboration with scientists to design new technologies and to adapt existing
ones to local circumstances. Advocates argued for a recognition of the value of
local knowledge, moving away from the image of farmers as passive recipients
of externally derived technology, to involve them as active, creative partnersin
technology development processes (Chambers et al., 1989).

The kind of knowledge that emerges from these processes has been well de-
scribed by James Scott (1998), who speaks of ‘forms of knowledge embedded in
local experience’ — métis — which he sharply contrasts with ‘the more general,
abstract knowledge displayed by the state and technical agencies’. Métis, says
Scott, ‘is plastic, local and divergent... It is, in fact, the idiosyncrasies of métis,
its contextualities, and its fragmentation that make it so permeable, so open
to new ideas’. As he suggests: ‘métis, with the premium it places on practical
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knowledge, experience and stochastic reasoning, is of course not merely the
now-superseded precursor of scientific knowledge. It is a mode of reasoning
most appropriate to complex material and social tasks where the uncertainties
are so daunting that we must trust our (experienced) intuition and feel our way.’
In addition to experience and intuition, the power of the ‘practised eye’, métis
is also about experimentation, precise skills and complex knowledge (Scott
1998: 327). Thus, as Paul Richards (1993; 1989; 1985) has observed, the art
of farming is more like a skilled and knowledgeable ‘performance’, and rarely a
simple routine operation. This is perhaps especially so with low-external-input
and agroecological systems, where knowledge and labour serve as a substitute
for external inputs.

Today, a wide array of people-centred approaches fall under the banner of
Participatory Alternatives,including: Farmer Participatory Research, Participatory
Technology Development, Participatory Action Research, Participatory Rural
Appraisal, Gender Analysis, Stakeholder Analysis, Community-Based Natural
Resource Management and the Sustainable Livelihoods Approach. These
diverse yet interrelated approaches represent a pool of concepts, methods,
principles and attitudes and behaviour that potentially enable poor rural people
to engage directly in processes of research and development to understand and
improve their own agri-food systems. They start from an assumption that, unless
and until the perspectives of poor farmers (and the rural poor more generally)
are taken into account in formulating agricultural science and technology R&D
agendas and policies, the output of those efforts in research and innovation
will not effectively contribute to improving agricultural productivity or reducing
poverty. Their underlying goal is to seek wider and meaningful participation of
stakeholder groups in the process of investigating and seeking improvements
in local situations, needs and opportunities.

Recently, Julian Gonsalves and his colleagues (2005) produced a three-
volume compendium on Farmer Participation in Agricultural Research, for
the International Development Research Centre (IDRC) of Canada. In the first
volume, Scott Killough (2005: 1) of World Neighbors, writing on participatory
approaches to agricultural research and extension, commented:

The rise of farmer participatory research (FPR) was a deliberate
effort among agricultural professionals to combine farmers’
indigenous traditional knowledge (ITK) with the more widely
recognized expertise of the agricultural research community.
The approach aimed to distinguish itself from farming systems
research (FSR) in its more deliberate attempt to actively involve



40

farmers in setting the research agenda, implementing trials and
analyzing findings and results... 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.

Thus, participatory approaches are envisioned to help agricultural R&D to
respond to problems, needs and opportunities identified by local agents;
identify and evaluate technology options that build on local knowledge and
resources; ensure that technical innovations are appropriate for local socio-
economic, cultural and political contexts; and promote wider sharing and use
of agricultural innovations (Collinson 2000). In contrast to the linear process of
technology generation—transfer—utilisation in conventional approaches, such
approaches encompass a broader set of phases and activities including:

® assessment and diagnosis: situation analysis, needs and opportunities
assessment, problem diagnosis, documentation and characterization.

® experimenting with technology options: joint agenda setting for ex-
perimentation, technology development and evaluation, integration of
technology components and piloting.

® sustaining local innovation: institutionalizing social and political mech-
anisms, facilitating multi-perspective negotiation and conflict manage-
ment, community mobilization and action, local capacity development,
strengthening local partnerships.

® dissemination and scaling up: development of learning and extension
mechanisms, information support to macro-policy development, pro-
moting networking and horizontal linkages.

® managing participatory research and development: project develop-
ment, resource mobilisation, data management, monitoring and evalu-
ation, capacity development.

In practice, such approaches have been distinguished by key elements such
as: sensitivity to users’ perspectives, linkage between scientific and local
knowledge, interdisciplinarity, multi-agency collaboration, problem- and
impact-driven research and development objectives, and a livelihood systems
framework. Moreover, 20 years of field experience has shown that innovations
for improving agriculture and natural resource management need to address
not only the technical challenges confronting small farmers and local resource
managers, but also key socio-cultural and political-economic dimensions such
as gender roles and relations, power relations, community organisations and
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institutional arrangements, collective action, property rights and land tenure,
policy processes and governance regimes (cf., Thompson 2006; Toulmin and
Gueye 2003; Otsuka and Place 2002).

Since engaging with participatory approaches from the 1980s, scientists at in-
ternational and national agricultural research centres and a variety of public and
private agencies have encountered both successes and failures. The early days
of debate forand against the participation of farmers and rural people in research
have given way to more grounded discussions about appropriate approaches
and specific methods for particular circumstances. Rather than advocating one
‘brand’ of participatory research over another, researchers are innovating and
experimenting to match the methods — both quantitative and qualitative —and
the situation. They are also working to bring the insights of everyday practice in
the field back into the design of new technologies and future research practic-
es, protocols, structures and strategies. Thus, many researchers are not asking
if participatory methods should be used, but rather when and how, and which
type of method, in combination with which traditional quantitative and qualita-
tive research tools (Holland and Campbell 2005; Kanbur and Shaffer 2005).

Researchers also recognise that the organisation of agricultural research and
extension itself was a major reason why science was failing to improve the
livelihoods of poor people. A strong critique of the conventional organisation
of agricultural R&D has emerged. This argument points out that if research
develops and transfers technology in a linear, top-down fashion to farmers —the
TOT model — very often these technologies and practices are found to be inap-
propriate to the social, physical and economic setting in which farmers have to
operate. At the very least such technologies needed complementary organisa-
tional, policy and other changes to enable them to be put into productive use.

One particularly important area of work in the field of participatory development
of agricultural technology has been Participatory Plant Breeding (PPB), which
grew out of a series of attempts to respond to the specific cultural and ecologi-
cal contexts of local farming livelihood contexts, taking into account indigenous
knowledge and practices. It has shown some success in bringing about yield in-
creases in rain-fed agroecosystems, particularly in dry and remote areas. Farmer
participation can be used in the very early stages of breed selection to help find
crops suited to a multitude of environments and farmer preferences (Sperling,
et al. 2001). It may be the only feasible route for crop breeding in remote
regions, where a high level of crop diversity is required within the same farm, or
for minor crops that are neglected by formal breeding programmes (Eyzaguire
and lwanaga 1996).
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There is a very extensive literature on PPB and participatory technological de-
velopment more generally, and much of it now emerges in the form of what
Piers Blaikie (2006: 1952) has characterised as a: ...burgeoning of manuals on
Participatory Rural Appraisal..” While those approaches may have much to con-
tribute, because of their concern with poverty reduction, empowerment and
social justice, particularly in terms of inclusion of, and accountability to, the users
of the innovations, they have not always taken account the dynamics of broader
political economic contexts in which those farmers operate. Nevertheless,
however superficially plausible and promising Participatory Alternatives such as
PPB are, they have often been unsuccessful on the ground, although rhetori-
cal support amongst international agencies and many NGOs remains high. In
practice, participatory R&D programmes have sometimes failed in the sense
that they have often not delivered many or all of the anticipated benefits,and oc-
casionally they have been counter-productive. Those problems have frequently
been a consequence of serious misunderstandings on the part of outsiders
concerning the predicaments and perspectives of the local people. In particu-
lar, they have sometimes not taken local dynamics seriously and, therefore, not
adequately addressed intra- and inter-community differences of power and the
social tensions that arise over differential access and control of resources and
institutions (cf. Guijt and Shah 1998; Scoones and Thompson 1994).

This does not repudiate the goal of facilitating pathways out of poverty by
empowering local communities to take more control over their own material
circumstances, but it does raise questions about higher-level interfaces involv-
ing national politics between administrations, policy elites and external support
agencies. In other words, the mannerin which local challenges can be addressed
by and with the rural poor should take into account not only indigenous knowl-
edge and practices, but also the dynamics and governance issues at higher
scales, including the national, the regional and the global. This is particularly
true at a time when farmer participatory research and technology development
is being undertaken in increasingly globalised, privatised research systems.
Thus, it will be necessary to take into account how the interests of different
actors, both within political elites and in civil society, will shape the participatory
R&D process by active implementation, acquiescence, rhetorical gestures or
resistance (Blaikie 2006; Bebbington and Thompson 2004).
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7. COMPETING VISIONS OF SUSTAINABILITY

These different narratives of agricultural development — focusing on technol-
ogy, growth, agroecology and participation — suggest very different visions of
Sustainability. Recalling the now classic description of sustainable develop-
ment as three overlapping circles representing ‘economics’, ‘environment’ and
‘society’, each emphasises different dimensions. Thus ‘modern’ agriculture, with
its emphasis on technology and growth, represents a productionist vision of
sustainability, with economics the key focal point. Technology-driven economic
growth through sustained innovation and trade is the envisaged pathway, pro-
viding transitions out of agriculture or a shift of subsistence-oriented ‘old” agri-
culture to a modern, commercial, ‘new’ form of agriculture, with wider poverty
reduction aims achieved through trickle-down and employment benefits from
improved agriculture-led growth.

The agroecological approach, by contrast, focuses more on environmental
dimensions of sustainability. Emerging out of a critique of the production-
ist paradigm and in response to the second-generation impacts of the Green
Revolution, Agroecological Alternatives emphasise pathways of change which
work with natural systems, generating production and improved livelihoods
with more ecologically-attuned production systems. Participatory Alternatives,
in turn, emphasise societal dimensions, with the empowerment of farmers
being seen as central to achieving both economic and ecological sustainability.

Different framings of the debate therefore suggest different pathways to sus-
tainability, based on different assumptions about economic, socio-political,
technological and ecological systems and their dynamics. As we have shown,
each of these narratives of agricultural change has its clear limits too. A key chal-
lenge for the future — and central to the STEPS research agenda — is to identify
ways forward which are responsive to current and changing conditions, as well
as meeting the wider, normative goals of sustainability.

In our view, to move these goals forward the current debate about the future
of agri-food systems needs refreshing. The mainstream perspective, centred
on the production-growth nexus, has received substantial attention in recent
years, and is once again seen as the sole way forward. Alternatives are often
dismissed as unrealistic and only relevant on the micro-project scale. There has
been an unhelpful and unproductive slanging match framed in either/or terms
between different groups. The debate about genetically-modified crops, and
biotechnological approaches in agriculture, has perhaps been the most heated
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in recent years, with the middle ground disappearing in a welter of accusations
and ripostes. But, as we have explored, much of this debate misses the point,
as the important issues are more fundamental than whether a particular tech-
nology or policy is ‘good’ or ‘bad’ and lead us into a more complex ‘science of
the gray’ (Stone 2002, 2005). The question that does need to be asked is about
the framing of approaches and broader trajectories of socio-technical change.
These upstream choices about policy frameworks or innovation options are at
core political, requiring rather basic shifts in the governance of agri-food systems
than is recognised by any of the current narratives of agricultural development.

That said, whether one looks at Asian or Latin American agriculture or the
more recent rush to revitalise agriculture in Africa, the prevailing vision is that a
‘modern’ agriculture (from the Green Revolution to the recent Gene Revolution)
remains the standard, preferred pathway to development. Such a perspective
— centred on technology, production and growth — constructs ‘the system’ in
particular ways. Thus the key elements of the modern agri-food ‘system’ (what’s
in it, how it’s bounded) focus on a wide array of external inputs (R&D, fertilis-
ers, seeds, irrigation, markets) and emphasising functions (what it’s for, who it
serves) in terms of ‘outputs’ (yield — breaking the productivity gap) leading to
‘pro-poor’ gains through a diversity of direct and indirect routes.

As already mentioned, the predominant view in policy and scientific circles is
that the first Green Revolution was a success — particularly for certain Asian
farmers growing certain crops in certain places over a certain time period. It
prevented a Malthusian disaster in global food markets in the wake of the rapid
population expansion realised in virtually all developing countries after World
War Il. This Malthusian outcome in the form of high food prices and land scarcity
(with attendant high land rents and prices) did not occur in the increasingly
globalised economy. Consequently, world prices of most agricultural crops in
real terms declined after 1950, which drove economic growth and facilitated
mass rural-urban migration. Many developing countries, particularly in Africa,
however, have not realised a Green Revolution and, consequently, do not
produce enough food to feed their growing populations, even with equitable
distribution. Microeconomic conditions in poor areas render agricultural pro-
duction and trade risky and costly, militating directly against adoption and diffu-
sion of improved technologies (cf. Omamo and Naseem 2005; Fafchamps 1992;
Binswanger and Mclntire 1987). Thus, the justifications for policy interventions
that mirror the Asian success story are strong.

For many involved in mainstream agricultural development, a key part of the
answer is a biotech or Gene Revolution. This perspective argues that it is the
natural successor to the Green Revolution, although thus far significant benefits
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to poor farmers in developing countries are rather limited. The emphasis of this
new revolution is once again to move beyond complexity and diversity, rather
than to respond and adapt to them. GM crops introduced so far have typically
followed this pattern of single new ftraits, but they have not been designed
to be ‘pro-poor’ nor are they by-and-large ‘pro-poor’ in practice (Eicher, et al.
2006; Scoones 2005). This pathway — and associated socio-political-technical
framings — has been institutionalised within the CGIAR and the national agricul-
tural research systems (Spielman 2006).

To complicate matters further, this new revolution is being led by major private
sector ‘life sciences’ companies, who invest large sums of money in R&D in
biotechnology and is based on a particular set of governance arrangements
— professions, organisation, incentives, intellectual property rights, shrinking
state provision and so on. The result is that agricultural science and technol-
ogy (derived from agronomy and plant breeding, and now increasingly biotech-
nology) is being combined with growth-oriented development (derived from
versions of neo-liberal agricultural economics) targeted at global markets. This
narrative, as discussed earlier, focuses on issues of quality, health and hygiene
standards, marketintegration, product standardisation and intellectual property
rights. It assumes that economic growth in many developing countries will be
achieved mainly through technology-led growth in commercial agriculture.
This is heralded as the way to meet the MDGs and other key development and
poverty reduction targets. In many developing countries current government
agricultural policy, backed by international development agencies, is to support
large commercial farms on the one side with a different range of policies (includ-
ing social protection) for the ‘small farm sector’ on the other, thus promoting an
essentially dualistic system for agriculture in the name of poverty reduction.

Such a vision, when promulgated by the world’s most powerful public and
private research and development institutions, can lead to a dominant ‘lock-in’
of certain policies and associated narratives of agricultural change that ‘lock-
out’ alternative pathways and perspectives (Berkhout 2002; Ruttan 1997). It also
reveals how technological developments in agriculture tend to be incremental
and path dependent owing to:

® the cognitive frameworks, routines, resources, capabilities and knowl-
edge of technology producers — both publicly funded research centres
and private companies —and technology users, and expectations about
what kinds of innovations will be beneficial in future;

® the way specific socio-technical practices are embedded within wider,
facilitating infrastructures (such as the CGIAR and associated NARS
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linked to the international network of donor agencies), which subse-
quently restrict opportunities for alternatives;

incumbent practices enjoy economies of scale (e.g. mass markets) and
positive network externalities that have been built up over long periods
of investment (i.e. it is easier and less risky to follow established prac-
tices than to invest in alternatives, particularly if these involve handing
greater control to poor people);

the co-evolution of institutions with technological practices and pro-
cesses, like government policies, market regulations and professional
associations (e.g. agricultural economists; agronomists; engineers; etc.)
that reinforce existing trajectories;

prevailing market and social norms influence the kinds of performance
deemed satisfactory, and the lifestyle routines and norms that develop
within the agricultural professions (both among natural and social sci-
entists), which embed these practices further;

agricultural education at both secondary and tertiary levels further
reinforces this path-dependence through use of obsolete textbooks,
uninspired curricula and conservative career structures, thus helping to
reproduce the dominant discourses and mindsets (Chambers 1993).

CONTEMPORARY CHALLENGES

Given the dominance of this framing, its path-dependent nature and the growing
complexity and uncertainty confronting today’s food systems at all scales, one
must ask how appropriate is this prevailing vision of modern agriculture? While
the Agroecological and Participatory Alternatives discussed earlier offer partial
responses, they too are limited in the face of growing challenges. Any discus-
sion of the sustainability of agri-food systems, we suggest, must address four
such challenges characterised by different aspects of system dynamics and
governance.

1.

Dynamic human-environment interactions. Contemporary agricul-
ture, whether small-scale or large-scale, north or south, must face an
increasing array of challenges from natural processes. Whether this is
new pests and diseases, soil nutrient depletion or salinisation or water
scarcities, there are a range of new dynamic interactions which affect
the system properties of durability, robustness, resilience and stabil-
ity (cf. STEPS Working Paper 1 on Dynamics). Climate change and the
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impacts of increased variability of rainfall present particular challenges,
especially in drier, rainfed cropping systems (IPCC 2007). But there are
also dynamic interactions between agriculture, health and disease,
with potentially profound effects on agricultural sustainability. For
example, increases in vector borne diseases (such as malaria) (Sutherst
2004) or the prevalence of major epidemics (such as HIV/AIDS) have
major consequences for agricultural development pathways. Thus, it
is the dynamic interactions between nature and society (e.g. climatic,
agronomic and disease dynamics) that need to be taken seriously in
thinking about future socio-technical trajectories.

Beyond the Green Revolution: technology challenges. The standard
Green Revolution models of technology development have failed to
deliver, particularly in Africa, and failed to keep up even where they pre-
viously had delivered. Newer versions of the technology-fix approach,
including those currently available from biotechnology, offer solutions
only at the margins and to affluent commercial farmers, consequently a
wider search for different socio-technological solutions and innovation
pathways is needed. As argued by those advocating agroecological and
participatory alternatives, going beyond the technical focus to a wider
appreciation of agricultural practice, skill and performance (métis) is
needed (Scott 1998; Richards 1993, 1989). This in turn requires a re-
thinking of the way agricultural technology development occurs — from
upstream priority setting to research testing to downstream extension
and delivery (Leach and Scoones 2006; Leach, et al. 2005). But given
the current structure of agricultural R&D systems, and the ‘locked in’
and path-dependent character of existing innovation systems, it also
presents a fundamental re-examination of the governance of science,
technology and innovation in the agri-food sector.

The politics and governance of food and agriculture. Addressing
these governance challenges means a focus on the politics of food.
In each of the narratives of agricultural development discussed in
earlier sections, even those related to Participatory Alternatives, this is
remarkably absent. But as the power and control of corporate agricul-
ture increases or the importance of OECD tariffs or trade and subsidy
regimes intensifies, such international, political issues are increasingly
pertinent. These issues are central to a fierce debate about the terms
of globalisation, and its impacts on agriculture, voiced by numerous
groups in debates over subsidy regimes and WTO rules (cf. Ingco and
Nash 2004; Wade 2003). With a changing political and trade geogra-
phy other voices are being heard through the influence of such major
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players as India, China and Brazil where agriculture plays a central role
in their economies. Yet with this new emerging geopolitics, questions
must be raised about which pathways are being promoted and to whose
benefit.

4. Global citizens and consumers. It is of course not only state-centred
economic blocs that are having an influence over debates about ag-
ricultural futures. Citizen-consumers globally are having an impact on
choices(Tansey and Worsley 1995). Citizen-led campaigns which seek to
reclaim control over their food systems argue for ‘food sovereignty’ (cf.
Windfuhr and Jonsén 2005), local production/consumption and ‘good’
food (organics, food miles, fair trade), raising cross-sectoral concerns
about health (e.g. in relation to debates about obesity, GM foods etc.)
and the environment (pollution, agrobiodiversity, etc.) (Millstone and
Lang 2002). Food and food production has become an important po-
litical agenda in the North, and particularly in Europe (Friedberg 2004;
Lang and Heasman 2004). The associated shifts in patterns of demand
have opened up opportunities for niche marketing (e.g. in organic
products) but also closed down other options (e.g. through food miles
restrictions) for developing country producers (MacGregor and Vorley
2006). At the same time, as such debates are shaping consumer prefer-
encesin some parts of the world, new demand notably in Asia is opening
up, as urbanisation and economic growth continues apace. How this
affects overall demand and consumer preferences remains uncertain,
but it will continue to be an important driver in the future of agri-food
systems globally.

Taken together, these challenges highlight some important new dimensions for
discussions of sustainability in agri-food systems. None of the existing policy
narratives for agricultural development address them all. In response, we argue
for the need to engage with at least two strands of thought that have been de-
veloped rather separately in the past. The first involves rethinking agricultural
development, using a systems perspective that emphasises non-equilibrium
dynamics, spatial, temporal and cultural variation, complexity and uncertainty.
As discussed above, critical features of this approach include analysing the
patterns of interaction that produce outcomes. This means recognising the
continual occurrence of feedbacks as critical for adaptation and dynamics and
acknowledging that uncertainty and surprises are the norm. In other words, we
are always managing in a context of change.

The second strand involves rethinking agricultural-related natural and social
sciences by focusing on agroecological interactions, principles and histories
and situated analyses of ‘people in places’. It assumes that not every outcome
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is governed solely by macro-level or structural features, but by interactions
between local agency and wider structural forces (Clark 1998). Thus, individuals
and their social networks can and do also make a difference. These actors —in-
cluding poor producers and consumers — affect change through their agency,
drawing on their knowledge and understanding, and develop and maintain
certain institutions by their actions. Although institutions and structures govern
people’s actions, the structures are also modified over time as a result of indi-
vidual and collective actions (Leach, et al. 1999). This evolution in thinking about
social systems, commonly known as ‘structuration” (Giddens 1986), has also
been characterised by a recognition of the importance of heterogeneity among
households, communities and institutions themselves. When woven together
in an integrated fashion, these two strands can, we argue, provide a rich un-
derstanding and insight into new and potentially more sustainable pathways in
agri-food systems. The final section, therefore, lays out some of the elements of
such an approach.

8. CONCLUSIONS: PATHWAYS TO SUSTAINABLE AGRI-FOOD
SYSTEMS

Outside pockets of well-resourced agricultural areas, where road, irrigation and
other infrastructure is well developed, the achievements of the ‘market mod-
ernism’ vision of agriculture, as discussed, has been patchy. New attempts to
extend Green Revolution successes to Africa through a number of high-profile,
well-resourced initiatives, such as the Millennium Villages project or the Alliance
for a Green Revolution in Africa (AGRA) initiative, though the sustainability of
both efforts have been questioned (cf. Cabral, et al. 2006; Holt-Gimenez, et al.
2006; GRAIN 2006). As the scourge of poverty and ill-being becomes a global
political debate (UN Human Development/MDGs, ‘Make Poverty History’
campaign, etc.), how can livelihood improvement and poverty reduction be put
centre-stage? As discussed in earlier sections, there are potentially multiple
routes to such goals through both direct and indirect trickle-down benefits. But
systematic analysis of the contextual factors that influence poverty impacts are
few and far between, and usually shrouded in a thick fog of ‘pro-poor’ rhetoric.
In our focus on pathways to Sustainability — with a capital ‘S’ — a systematic as-
sessment of these diverse trajectories is critical, together with a commitment to
exploring the pros, cons and trade-offs of different future scenarios.
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In rethinking agri-food systems in both the industrialised and the developing
world, therefore, we must ask some challenging questions. For example, given
growing uncertainty and complex dynamics—in ecological, economic and socio-
political settings — how resilient and robust are different alternative approaches
to agricultural development in the face of contemporary shocks and stresses
in both the North and the South? How does the governance of global and local
agri-food systems need to be thought about in the light of the major restruc-
turing of R&D and innovation systems and the growing global politics of food?
What does this mean for different normative understandings of Sustainability,
as expressed by different groups? And, perhaps most importantly, what does
this imply for different pathways of change in different contexts?

To conclude, we offer six elements of a STEPS research agenda on agri-food
systems:

1. Framing the sustainability challenge. A key first step is to unpack
what is meant by sustainability in agri-food systems. This requires an
analysis of and reflections on different framings involving delibera-
tions among the key actors involved (farmers, consumers, processors,
R&D players and others). Such debates must ask questions about the
objectives and outputs of the system, and the trade-offs and conflicts
involved, now and in the future. Given the complex, non-linear dynamics
involved, questions must be asked in turn about the dynamic func-
tioning of systems, and their properties — in particular how resilient,
robust, durable and stable are different options. Singular solutions are
inherently implausible, and diverse options associated with different
pathways —incorporating elements of all four of core narrative outlined
above in different configurations in different places — are inevitable.
Such choices are clearly intrinsically political, requiring inclusive forms
of deliberation on agri-food futures.

2. Exploring multiple pathways. Given the diversity of ‘rural worlds’,
and the importance of history and context on agricultural change,
a variety of possible future pathways for agri-food systems open up.
Such pathways, linking social, technological and ecological elements,
potentially cover the full range from ‘*high market modernist agricul-
ture’ through a range of other ‘future agricultures’. Different possi-
bilities exist for different people in different places, requiring a highly
located, context-specific assessment rooted in understandings of both
ecological dynamics and governance settings. Some possible futures
may be highly constrained, given existing conditions, and others may
be accepted as the ‘right’ path. But a broader assessment requires an
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opening up of such debate, unlocking biases and constraints, both in-
tellectual and practical. Exploring future scenarios in different settings,
across diverse stakeholder groups, represents an important challenge
— both methodologically and practically — but needs to be at the heart
of any analysis. For only with such an open and reflexive process can
alternative pathways towards sustainability be both envisaged and
realised.

Scales of analysis. Such analyses must of course cut across scales.
While individual farmers in particular places may be our empirical focus,
their options and opportunities must be understood in relation to
processes interacting across scales, from the very local to the global.
A pathway being pursued at one level may interact — positively or
negatively — with options at another level, thus the interconnections
between individual, household, region, nation and globe are critical.
Too often our analyses begin and end at one scale, and fail to explore
such interactions. This requires us to step out of the disciplinary boxes
that define and frame much analysis and make the connections across
these. Thus, for example, we need to link analyses of household food
and livelihood systems with those of global environmental change.
Figure 2 offers an overview of the type of cross-disciplinary interactions
required.
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Figure 2. Cross-Scale Interactions and Disciplinary Contributions

Global

Regional

Local

VN
Global Environmental Change/ 0 Sustainability Science
Global Food Systems o Global Environmental Change
o Global Political Economy
o Global Food Systems/Value Chains
Socio-Ecological Systems/ o Regional Geography
Rural-Urban Interactions/ o Ecological Systems
Regional Food Systems o Socio-Ecological Systems
Farming Systems/ o Farming Systems Research
Agroecological Systems/ 0 Agroecology
Local Food Systems o Political Ecology
Actors/Agents - Individuals/Households o Agricultural Economics
Livelihood Systems o Development Economics
Household Food Systems 0 Gender Analysis
o Rural Sociology
o Social Anthropology
v

Dynamic system properties. In thinking about pathways to sustain-
ability and their scale interactions, a key set of questions centres on
the dynamic properties of such options. How do the variety of differ-
ent pathways (normatively, politically defined) respond to internal and
external shocks and stresses, and how resilient, robust, durable and
stable are they? Depending on who is pursuing a particular pathway,
different system attributes may be more or less desirable. Debates
about trade-offs between these are therefore key, as are discussions
about how these are affected at different scales: for example, a resilient
system at one scale may look less so at another, and taken together
a diversity of options may look more or less appropriate. This requires
an engagement with issues of uncertainty and complexity in a frame-
work for analysis and action that takes such issues as central (cf. STEPS
Working Paper 1 on Dynamics).
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5. Governance analysis. With pathways to sustainability defined in
relation to normative-political choices of diverse actors, a critical set of
issues hinges on questions of governance (cf. STEPS Working Paper 2
on Governance). Key questions include: what influences the framings
of ‘the problem’? How inclusive and deliberative are the policy process-
es that define what agriculture is for — and who it’s for? What gover-
nance processes influence both system properties and their dynamics
and the broader context? What pathways are constrained by current
arrangements, and what options might be opened up — with what im-
plications for sustainability — if alternative governance arrangements
were envisaged?

6. From analysis to practice. Cross-cutting all these elements there
is @ more forward-looking, pragmatic challenge: how to facilitate the
design of agri-food systems that meet the challenge of sustainability in
the future? This requires thinking hard about approaches to appraisal
(cf. STEPS Working Paper 3 on Designs), but also about the wider pro-
cesses which affect what happens on the ground —whether in terms of
the political and policy processes that shape debates and get different
framings on the table or the more technical, administrative and mana-
gerial challenges of designing innovation systems which are more re-
sponsive to new demands.

In sum, in this paper we have argued that the ‘modernist’ project that has
come to dominate food and agricultural policy has failed to provide sustainable
outcomes for many poor people in developing countries. Despite the power of
its underlying production-growth narratives, conventional agricultural science
is not able to explain let alone address these concerns, because it is based on
a static equilibrium-centred view that provides little insight into how agri-food
systems are embedded in complex ecological, economic and social processes,
or how their interactions are vulnerable to short-term shocks and long-term
stresses. Even the compelling counter-narratives and approaches from agro-
ecology and participatory research and development are not fully able respond
to the dynamic character of complex and rapidly changing agri-food systems.

This paper makes the case for a deeper understanding of diverse ‘rural worlds’
and their potential pathways to Sustainability through agriculture. Moreover, it
calls for a normative focus on poverty reduction and concern for the distribu-
tional consequences of dynamic changes in agri-food systems, rather than ag-
gregates and averages. Finally, it sets out an emerging interdisciplinary research
agenda on agri-food systems for STEPS that focuses on dynamic system inter-
actions in risk-prone environments and explores how pathways can become
more resilient and robust in an era of growing complexity and uncertainty.
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