TRANSFORMING RESEARCH AND
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Rebecca Nelson and Richard Coe

Millions of smallholder farmers face the daunting challenge of sustaining or improving
productivity in the face of rising input costs, limited access to input and output markets,
climate vagaries, and depleted natural resources. These farmers™ objectives and circum-
stances are diverse, varying with both their biophysical environments and their socioeco-
nomic and cultural contexts. Agroecological intensification (AEI), or the integration of
agroecological principles into farm and system management, can improve the performance
of agriculture—"performance” being locally defined and potentially including produc-
tivity, nutrition, resilience, and sustainability. In principle, AEI is relevant for all forms
of agriculture, whether it is pursued as a business, as a means to support family nutrition,
or for both income and self-provisioning. Conventional approaches to research and exten-
sion are, however, poorly designed to support AEI across diverse socio-ecological contexts,
particularly given the weakness of research and extension systems in food-insecure parts of
the world. Because agroecological principles must be implemented in a context-dependent
manner and AEI is a knowledge-intensive process, delivering the benefits of AEI requires
a radical reconsideration of the ways in which agricultural knowledge is produced and
shared. Emerging developments in participatory methods, as well as in information and
communications technologies (ICT), can contribute to innovative strategies that allow
systematic matching of options—diversification strategies, crops or varieties, agronomic
practices, and market arrangements—across heterogeneous contexts.

Much of the world’s food is produced by farmers who cultivate two hectares
or fewer.! Globally, there are over half a billion small farms, and small-
holder farming provides livelihoods to 2.2 billion people.? In Africa, more than
90 percent of farmers are smallholders, and in India, over half the farms are two
hectares or fewer in size. Because of their resource limitations and vulnerability
to climate and other shocks, many of those who produce food do not enjoy food

security; half of the world’s food-insecure people are rural smallholder farmers.?
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Smallholder farmers face difficulties accessing markets and rely substantially on
self-provisioning. It is thus of enormous importance for both global food security
and poverty reduction to enhance the performance and sustainability of small-
holder agriculture.

However, how best to achieve enhanced performance and sustainability of

smallholder agriculture is under debate. Some propose
It is thus of transforming labor-intensive, semi-subsistence agricul-
enormous ture to modern, commercial, input-intensive agricul-
. f ture, either via farm consolidation and mechanization,
1mportan(:e or or by intensifying the use of external inputs with the
both glObal food intent of increasing productivity while maintaining
Security and small farm size.* Another vision emphasizes a reliance

poverty reduction
to enhance the logical and purchased inputs: fertilizers, chemicals,

perfor mance and hybrid seeds, and tools and energy for mechanization.®

sustainability of Each of these visions implies a type of trajectory for
smallholder farming practice. The purpose of the policy, research,

on ecological approaches and local food sovereignty.®
Still others entail context-responsive blends of eco-

. and development systems supporting agriculture is pre-
agflCUIture- sumably to support and nudge farms and farmers along
the trajectory that is considered desirable.

In this paper, we argue for the agroecological intensification (AEI) of small-
holder farming based on the flexible matching of options with contexts, and then
consider implications for how research and development (R&D) processes must
change to support AEI, as well as the policies needed to effect those changes.

PROBLEMS WITH ENERGY-INTENSIFIED AGRICULTURE IN THE SMALLHOLDER
CONTEXT

An argument in favor of AEI must, among other things, dispute the dominant
narrative that argues for “modernization” of smallholder agriculture. In an extreme
version of the modernization vision, smallholder farming is in itself a problem, an
archaic way of life that should be terminated in favor of more efficient and produc-
tive ways of farming. For example, Paul Collier considers support of smallholder
agriculture wrong-headed and romantic. This narrative responds to the obvious
success of modern, energy-intensified agriculture with the idea that it should be
implemented everywhere. However, there are several reasons to be cautious about
this approach, including the environmental, economic, and cultural downsides of
large-scale, external input-based farming.”

Agricultural modernization in industrialized countries has decreased the labor
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intensity of agriculture largely by increasing its energy intensity. Agricultural
transformation processes have produced large, labor-efficient farm operations that
enable small numbers of farmers to support largely urban populations. The avail-
ability of inexpensive petrochemicals and research systems that effectively took
advantage of the opportunities presented by cheap oil have fueled the agricul-
tural innovations that have made these transformations possible. The products of
these research systems have included: manufactured fertilizer formulations; crop
varieties that can efficiently convert these nutrients to high yields; the means of
mechanizing farm operations; and irrigation. In turn, these products have allowed
farming contexts to become increasingly uniform, such that standardized farming
methods can be broadly applied. But resource-constrained smallholder farmers
generally cannot access the resources and investments needed to implement
energy-intensive farming methods. Oil has never been cheap in Africa, global
prices have quintupled in recent decades, and oil is likely to get more expensive
there and elsewhere.

Modern farming methods are associated with a number of problems beyond
entry barriers for smallholders. Problems with energy-intensive agriculture include
aspects of performance, sustainability, and social impacts. Performance issues
include the overemphasis on cereal productivity, with consequences for dietary
diversity and diet quality.” Sustainability issues include loss of soil health, pollu-
tion associated with pesticides and fertilizer runoff, and greenhouse gas emissions,
the last of which contributes to climate change. Social issues relate to the equity
implications of the farm consolidation processes. Cultural issues include food pref-

”

erences and other issues related to “food sovereignty,” or the right of peoples to
influence the nature of their food systems. For these and related reasons, there is
growing interest in transforming food systems in both developed and developing
countries. There is a rising conviction among policymakers, scientists, and devel-
opment practitioners that smallholder-led development is not only a viable way

forward, but is necessary to ensure rural poverty reduction.'

AGROECOLOGICAL INTENSIFICATION OF SMALLHOLDER AGRICULTURE

In the debate about the future of agriculture and food systems, the term “sus-
tainable intensification” is widely used.!"! Since sustainability is hard to determine
and measure, this concept is quite vague. We prefer the term “agroecological
intensification” (AEI) because it more clearly implies the means—ecological—by
which change is intended to occur, and connotes the socio-technical context—agri-
cultural—in which it takes place. We define AEI as improving the performance of
agriculture by integrating ecological principles in farm and system management.
AEl involves integrated crop, livestock, soil, pest, and system management through
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processes such as diversification, improved biomass and nutrient cycling, biological
interactions that reduce pest and disease pressures, and synergies that maximize
resource-use efficiencies and reduce risks. While modern agriculture is the art
of optimized simplicity, post-modern agriculture must be the art of optimized
complexity. Because of its complexity, AEI requires considerable information and
knowledge. Because of its context dependency, AEI requires local adaptation and
assistance from local policymakers, local NGOs, and international organizations
to foster adaptive, variable approaches that shift with the different contexts.
The capacity for large-scale local adaptation in turn requires new policies and
approaches to supporting change in farming practices.

Commercialization has been successful in environments with relatively
favorable and uniform production conditions. Markets drive the orientation of
large-scale farms, so productivity and income have clear primacy for commercial
farmers, even when pursuing these goals places high costs on society at large.
Commercial farmers are likely to be specialized, due to the coupling of produc-
tion decisions and market demand. As a cause and consequence of their links to
markets, commercial farms have the resources and opportunity to invest in inputs
that enable their managers to smooth environmental variability. The modern
research systems serving commercial agriculture focus on improving and delivering
technologies that contribute to smoothing performance, and on technologies with
wide adaptation that can be distributed by relatively centralized providers. These
production systems then provide substantial markets for agricultural inputs. AEI
for industrialized agriculture tends to focus on improving input-use efficiencies,
e.g., more precise timing and location of the application of fertilizers to coincide
with crop uptake; and to shift, when possible, from input-derived services to agro-
ecologically-derived ones, e.g., pest management based on biological interactions,
rather than on the application of pesticide."”

AEI of smallholder farming poses a different set of challenges and constraints
than AEI of industrialized agriculture. It is important to consider what “perfor-
mance” means for smallholder farmers, with some reflection on how the needs
of smallholders differ from those of larger-scale farmers. Smallholders are more
numerous and diverse than large-scale farmers, and serving the needs of small-
holders is therefore trickier. Their resource limitations often prevent them from
investing in inputs that would make their holdings uniform and highly productive.
The AEI options, such as diversification or germplasm management that could
reduce their losses and increase their productivity, are more context-specific than
inputs like synthetic fertilizers. Smallholders are more likely to be immediately
dependent on their own production, which is typically vulnerable to climate and

other challenges. The poorest have low resilience and cannot absorb shocks, which
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makes managing risk often a higher priority than maximizing production, particu-
larly if market access is limited. Depending on the context, AEI of smallholder
systems may focus on managing risks by providing households with adequate
nutrition; building organic soil matter; increasing nutrient inputs and cycling;
reducing pest and disease losses before and after harvest; and enhancing access to
input and output markets to permit and incentivize investment.'?

While much of the contemporary development discourse is focused on market-
led development, it is important that approaches to supporting agriculture ensure

food and nutritional security, as well as environmental services and sustainability,

while also improving livelihoods and incomes."

Smallholder farmers’ objectives often include
both accessing markets and self-provisioning: they
typically consume a portion of their harvests and
sell the rest. It is rare for households to be entirely
self-sufficient, but the extent of market orienta-
tion may vary among households, even in a given
location.” In Eastern and Southern Africa, for
example, approximately half of food consumed is
marketed and purchased, while half is self-provi-
sioned.'® The reasons for self-provisioning include
high transaction costs, price, risks, and possibly
issues of quality or safety due to mycotoxin risk."
De Janvry and Sadoulet point out the importance
of subsistence in protecting households from price
shocks, such as those that have recurred since the
2008 food crisis."

Markets and AEI are not necessarily at
odds, but can and should be closely aligned to
ensure that sustainability and other aims are
met. Agricultural value chains should be built

on sound production ecology, and farmers need

While much of the
contemporary devel-
opment discourse is
focused on market-
led development, it
is important that
approaches to sup-
porting agriculture
ensure food and
nutritional security;,
as well as environ-
mental services and
sustainability, while

also improving liveli-

hoods and incomes.

markets to invest in sound production ecology. When Bolivian farmers have
responded to the overheated market for organic quinoa by using unsustainable
production methods, they have run the risk of imperiling both production and
organic markets by failing to employ the rotations that maintain soil fertility.>
The excessive emphasis on market orientation without the integration of sus-
tainable practices and appropriate policies benefits neither farmers nor markets.
Govereh and Jayne found that among Zimbabwean smallholders, production of

market-oriented crops led to greater productivity of food crops.?! Tittonell and
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Giller found that more market-oriented smallholders were better able to manage
soil fertility than less market-oriented farmers, presumably because investment in
soil fertility requires resources, organic and otherwise.” Markets need AEI and
AEI needs markets. Farmers need both, and policymakers can help facilitate this.

CONSTRAINTS OF CURRENT APPROACHES TO RESEARCH AND DEVELOPMENT FOR
THE SuUPPORT OF AEI

There is a considerable gap between the norms of existing research and devel-
opment (R&D) systems and the systems and policies needed to support AEI for
smallholders. R&D systems designed to nominally support smallholders fail to do
so, and AEI is neither a value nor an aim of most systems. This may be because of
conceptual gaps, or because policies are not intended to support smallholder devel-
opment. The way that research is conducted and recommendations are released
suggests a conviction that farm conditions are uniform, and that fixed recom-
mendations are widely applicable. Conceptual gaps may include: a lack of systems
thinking about the way research is taught, organized, and conducted, which gener-
ally does not support systems-oriented analysis; the assumption of uniformity of
farmer conditions; the conduct of research under conditions that do not resemble
those of smallholder farmers; and the assumption that simple economic theory
predicts the behavior of farmers and the uptake and impacts of technology.

Researchers who serve smallholder agriculture generally focus on a particular
crop or problem, often without much consideration for how that crop or issue fits
into the larger system or policy environment.”® The researcher or research team
will identify solutions—often optimal varieties or management practices, for
instance. A “best bet” solution is developed under conditions that do not accu-
rately reflect the conditions into which the technology will be deployed; research
station conditions are often outliers in the sense that they are managed with
greater input levels than most farmers are able to invest. Farmers’ conditions—
environmental, political, or economic—are indeed so diverse that it would not be
possible for research stations to cover the full spectrum. Under farmers’ diverse
conditions, blanket recommendations are unlikely to be optimal and may be far
from what farmers are interested in or able to use. Technologies of potential value
to farmers, such as crop genotypes adapted to marginal conditions or varieties
that are adapted to production in intercrops, get filtered out by researchers before
farmers have a chance to evaluate them.** Many technologies cannot be assessed
without close involvement of farmers, including features defined by farmer prefer-
ence, taste, or opinion. Social, political, and economic evaluations, if conducted,

are typically done to follow up technology adoption, rather than to inform it.
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Studies conducted at a few locations that poorly represent farmers’ conditions
are frequently used to make a single recommendation for a large area, sometimes
an entire country. Given that local conditions vary widely, these blanket recom-
mendations are likely to be suboptimal in most locations, and even dangerous in
some.?” In the face of sweeping recommendations and without the benefit of infor-
mation about agroecological principles and processes, local actors, such as farmers,

non-government organizations, community-

based organizations, or local businesses, are
not in a position to be as innovative as they In the face of sweeping

would be if they were better informed. This recommendations and
undermines the legitimacy of researchers and . .
their potential contribution to agricultural V\(lthOut t}_le benetit
policies and practice. of information about
Research and extension services have long agroecological prin-
neglected food production oriented to home Ciples and processes,
provisioning for the nutrition of a large pro- local actors, such as
portion of humanity, it is important to ensure farmers, non-govern-
that production-oriented feeding be taken ment Organiz ations,
seriously as an important function of agricul- communi ty—base d
ture. Because self-provisioning does not gen- . .
erate cash, it is unlikely that resource-limited OfganlzaUOHS, or local
farmers will invest purchased inputs in subsis- businesses , are not in a
tence-oriented production.?” They may or may position to be as inno-
not be able to invest ecological knowledge and .
labor to enhance food for home consumption, vative as they would
depending on their resources and capabilities. be if they were better
In integrated crop-livestock systems, such as informed.

consumption.?® Given the importance of self-

the push-pull system that has been developed
in Western Kenya, market-oriented livestock
production provides nutrient inputs to maize production that is primarily oriented
to home consumption.?® Counterintuitively, neither increasing nor diversifying
production necessarily ensures adequate child nutrition; support for agriculture
must be linked to policies that promote nutrition education, with the goal of
improving nutritional status.*’

In summary, the current system is oriented to the production of sweeping
scientific or policy recommendations and prescriptive packages that are, by dint
of their very uniformity, unsuited to many farmers’ conditions. Without institu-

tional, political, or legal support for their own innovation processes, farmers are
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left with little guidance on how to optimize their production. To support local
innovation and integration, researchers should take responsibility for under-
standing the agroecological principles and processes that determine productivity
and risk, as well as the links between productivity, diversity, risk, livelihoods,
sustainability, and nutrition, and how these risks play out in the political, envi-
ronmental, economic, and social atmosphere. To identify practical solutions to

To identity practical
solutions to local
problems, researchers
should then collaborate
with local governments,
instutions, actors, and
NGOs to support
innovation and the
integration processes

at the micro level.

local problems, researchers should then col-
laborate with local governments, instutions,
actors, and NGOs to support innovation and
the integration processes at the micro level.

INFORMATION AND INNOVATION FOR AEI

We have attempted to summarize some
practical and conceptual inadequacies of a
top-down, centralized research approach
to support agroecological intensification of
smallholder agriculture. Change is needed
and should leverage inexpensive resources,
while economizing on those that are costly.*

In this section, we discuss approaches that

can provide diverse and dynamic rural popu-
lations with relevant sets of options, upon
which they can draw as their circumstances change.

In order to contribute to AEI, a systematic approach to R&D should involve
identification of problems and opportunities, or diagnosis; local and global sourcing
of principles and technologies that would address the diagnosis; formulation of a
implementation strategy for local adaptation and innovation based on identi-
fied opportunities; and contextualized scaling of approaches. Although the steps
described below are illustrated as sequential, they may be overlapping in practice,
and the process may begin at different stages. Their relative importance and the
weight given to each step will depend on the problem and situation. This generic
approach can be used to support AEI, whether the problems and actions con-
sidered are technical, social, political, or institutional. The approach, elaborated
below in greater detail, has emerged from the authors’ experiences in supporting
researchers in AEl-oriented research programs, and is conceptually similar to the
“DEED” framework articulated by Giller.*'

Diagnosis. The diagnostic phase goes beyond describing the extent of a par-
ticular problem to understanding the farming system and the social context
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in which it occurs, since these determine feasible AEI solutions. A rich col-
lection of participatory tools is available, often described under the heading
Participatory Rural Appraisal, to enable outsiders to gain insight into farmers’
objectives, constraints, and incentives, as well as the social and economic
diversity in a given place and over time and space.?” But these tools are not
sufficient for comprehensive diagnosis. Global scientific knowledge of processes
and conditions must be combined with local understanding of the implementa-
tion constraints (including cultural, biophysical and policy constraints) if the
value of knowledge is to be realized. Explicit data and models are needed to
understand geographical variation, and to define the domain within which a
problem will be addressed. The other steps require definition of this domain,
with geographical and other limits—classification thresholds for factors, such
as population density or distance to market—rigorously established.** Without
delineating the problem domain, it is impossible to determine where the work

of the other steps should be done and which actors should be involved.

Principles and technologies. In some cases, current global knowledge and tech-
nologies are sufficient to propose interventions for local adaptive work.?* For
example, strong evidence indicates that the pesticide sprays used to control
rice pests in southeast Asia are unnecessary. More often, research is needed to
refine and contextualize knowledge and technologies. For example, the general
principles related to planting densities and geometries are well understood,
but local optimization of planting configurations, determined though partici-
patory research coordinated by informed NGOs on the ground, could result
in enhanced yields.* Multi-environmental trials are a key tool for matching
options to contexts. When designed based on geospatial and socioeconomic
analyses of the problem, such trials can contribute to understanding how
the principles of AEI operate in the given problem domain, and how derived
technologies and other options interact within the political, institutional, or

economic context.

Getting it right locally. Based on sound diagnosis and relevant principles and
options, this includes local adaptive research should aim to fit broad sets of
policy or technical options into specific farm contexts. This is likely to both
require and support social innovation processes: local people must organize to
make the most of options and to sustain the innovation process, and policies
must be in place to allow this organization. As expressed in a slogan of the
National Smallholder Farmers Association of Malawi, “the future belongs to
the organized.”® Local adaptation involves the testing of options by farmers

with the multiple aims of adapting details, seeking innovation, training, and
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learning.?” Details of the relative roles of farmers; farmer organizations; NGOs
and extension institutional, political or legal organizations; and researchers
must be carefully constructed and negotiated to empower farmers to address
the issues of greatest relevance to them. Rather than dictating outcomes,
researchers should provide access to multiple options, increase choice, and seek
to understand outcomes, such as drivers of local performance and decision-
making. Farmers, working in groups with institutional or government support
or as individuals, should prioritize options, conduct coordinated trials to
explore the consequences of knowledge-based choices, analyze results, and

adjust farming practices.

Contextualized scaling. In current practice, scaling is often simply replicating
a successful pilot effort. Given the importance of context, replication is a
dubious basis for seeking impact at scale. Hancock points out that impact at
scale entails ongoing adaptation with wider participation; building convic-
tion among stakeholders that change is needed, possible, and imperative; and
strategic policy reform.*® Because of the important differences among farmers’
contexts, it is more useful to think of scaling as iteration of the earlier steps
to increase the geographical extent and to expand the numbers and types of
farms or farmers involved. Increasing scale will introduce new questions and
constraints that will need to be investigated using a research perspective. The
localized and adaptive research will be repeated, while additional questions,
such as group formation or input supply channels are addressed. Rather than
considering research and extension or pilot and scaling to be distinct phases,
these should all be considered ongoing, adaptive research at different scales.
All efforts should generate robust information for the global knowledge base.

HETEROGENEOUS CONTEXTS AND OPTION-BY-CONTEXT INTERACTIONS

Variation in Context. A principal reason for the step-wise approach outlined in
the previous section is the very high level of heterogeneity in smallholder farming
systems.*” Matching options to these diverse contexts requires an understanding
of diversity. Suitable tools exist for this. Some of the variability among small-
holder farms can be understood at larger scales and is captured, if quite crudely,
in farming systems classifications. Major agroecological zones are defined, for
example, by landforms, soils, and climate.** Some larger-scale social differences are
captured in related classification schemes, such as development domains.*! These
reflect differences in distances to market, which presumably influence access to
input and output markets, length of the growing season as a proxy for agricultural

favorability, and population density. Such analyses are informative for national
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and regional scale planning, but may only explain a relatively small proportion of
variance in suitability of any practice for individual farmers.** Policy and support
environments are not included, nor are individual differences among farms.

At finer scales, biophysical heterogeneity can be understood through analysis of
soils because better data at high resolution are increasingly available.* Differences
among farmers are often associated with differences in resources and market ori-
entation.** Availability of labor and credit can

influence farmers’ opportunities. These factors Amartya Sen argued

can be measured and their influence on farmers’ that develo ment
choices described and modeled. More difficult to p

understand, but equally important, are variations should be seen as
in individual objectives, tastes, and preferences. expanding human
Various frameworks have been assembled to freedoms

describe this heterogeneity for specific purposes,

such as soil fertility management.® It is hard to

imagine a framework that will serve every purpose; a framework appropriate for
developing soil fertility management options will be very different from one for
diversifying grain production or introducing fruit cultivation. Patterns of hetero-
geneity described are dynamic, changing in response to drivers that operate at dif-
ferent time and space scales. An R&D system cannot expect one-off stratifications,
such as traditional agro-ecological zoning (AEZ) and farming systems delineations,
to meet their needs for understanding and responding to variation in context.
Rather, we need to describe context through dynamic characterization tuned to

specific purposes.

AEI Options and Interactions with Context. Amartya Sen argued that development
should be seen as expanding human freedoms.** Applying that view to agricultural
research would imply that agricultural R&D systems should aim to increase the
choices or options available to farmers and consumers. By options, we refer very
generally to the technologies, policies, and institutional arrangements that farmers
and farm communities can use to meet their objectives. Use of the term does
not imply anything about the relative roles of farmers and others in the process
of innovation and testing that leads to useful options. Options range from tech-
nologies like new crop varieties and agronomic practices to more radical systems
changes, and can be grouped under types of interventions or levers, such as crop
improvement; soil and water management; pest and disease management; diver-
sification at plot, farm, and landscape scale; agroforestry; post-harvest handling;
value chain development; international agency or local NGO support to farmer

organizations; and nutrition education.
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For each of these interventions, approaches can involve agroecologically-
informed systems thinking to a greater or lesser extent. As AEI aims to reduce risk
to farmers, a multiplicity of options will be needed for any problem, supporting an
increase in diversity at some scale. Large variation is typically found when options
are evaluated with farmers under their own conditions, using whatever perfor-
mance criteria are relevant, such as productivity, risk, economic value, accept-
ability, contribution to food security, or nutrition. It has long been noted that data
from on-farm trials are variable.*” This variation is not simply noise, however, to
be averaged out with all inferences being based on means. Examination of data
typically shows that differing performance of options depends to an important
extent on context. For example, plant breeders have long recognized genotype-by-
environment (GxE) interaction in yield or other performance measures and devel-
oped tools to investigate it and exploit it.*® The best variety in one context is not
the best in another. Similarly, crop management options interact with contexts; the
response of maize to nitrogen fertilizer depends on the amount of organic matter
in the soil, an example of management-by-environment interaction.*” Such interac-
tions are general and can be further expanded.”® This leads to the more general
concept of option x context (OxC) interactions.

Tools for understanding OxC interaction include multi-environment trials,
process-based models—crop simulation models, for instance—and surveys. Each
of these has limitations, and ideally they are used together. Learning from models
requires that processes are already understood in sufficient detail to build the
model. Surveys can reveal what farmers currently do; comparisons between options
often are confounded with differences in context. In principle, multi-environment
trials can be designed and implemented at any scale and with any balance of roles
of farmers, researchers, and development practioners. In practice, larger scale trials
will need to use information technology to be feasible.

Design of efficient multi-environment trials requires hypotheses regarding
the nature of OxC interactions. Contextual factors that interact with option
performance can be grouped into three categories. Some factors vary in a predict-
able way in space, and the output of METs would be geographical areas to which
different sets of options are adapted. Such “mappable” factors include soil, land-
form, and climate features. Other factors are predictable but not mappable, such
as social factors. Results of interaction of predictable but non-mappable contexts
with options are refined recommendations. Still other factors are not predictable.
Results of interactions of options and unpredictable contexts need to be described
as risks. Whether performance is measured by biophysical, social, or economic cri-
teria, a systems perspective is needed when considering options and hypothesized

OxC interactions. For example, if the problem in focus is disease of a staple crop,
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then options can include deploying resistant varieties of that crop, management
that reduces disease pressure, or switching to an alternative crop. Considering only
the system components may unnecessarily limit changes that could be beneficial
to farmers.

WHAT 1S NEW?

Description of the R&D  steps
above may prompt the question ‘So

Considering only the

what is new?”. Many of the components

of the steps have been described and S}’Stem Components
used in one form or another for a long may unneCQSS&I‘ﬂy limit
time. Descriptions of the complexity of Changes that could be

farming systems and understanding their . .
problems was the heart of the ‘farming beneficial to farmers.
systems research’ methods of the 1980s.”!

The term ‘diagnosis’ for generating a detailed understanding of problems has been
used at least since the same time.”” Stakeholder participatory methods have been
used and described for all these steps since the early 1990s.>® The steps have been
compiled into packages with a particular focus and branded.>* So the first answer

is that not much is new, but as R&D systems are not currently supporting AEI,
there is a need to bring together the concepts of what it takes to do so. Adopting
the steps outlined is not sufficient to support AEI, which is still a strategic decision

for agricultural planners. But the steps are necessary.

A powerful framework for evaluating the effectiveness of an R&D system con-
siders the following dimensions of salience: focus on a relevant topic or problem;
credibility, meaning producing knowledge that is robust and valid; and legitimacy,
where players are accepted by decision makers as having a role.”> Considering each
of our four steps on these three dimensions suggests that what is new is bringing
them all together and emphasizing all evaluation dimensions in each step in a
manner that appropriately engages rural people and enhances their freedom and
self-determination. This stands in contrast to some current systems that give very
different weight to each criterion at each stage; credibility typically drives research
on principles and technology development, but when it comes to scaling, legiti-
macy trumps all, and credibility is not considered.

Other distinctive emphases emerging in this and related thinking include:

1. Explicit recognition of ecological, social, and economic variation at all

scales, and the way they interact with farmer options.

2. Links to the global scientific knowledge base at all stages. The status quo

often does not use scientific knowledge effectively at the stages of local
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adaptation and scaling. This is most noticeable in development work led by
organizations guided by ideology and inspiration rather than by reflection
on evidence.’® Therefore, it is critical that development organizations adopt
a more scientific approach as well, or at least

work better with researchers to ensure their

A participator
p p Y work is motivated not by ideology, but by

approaCh that draws data. The idea that the local adaptation and
9 .
on farmers’ own social  scaling activities can be done in a way that

technical ¢ apital with contributes to the global scientific knowledge
base is also relatively novel. Doing research

support from local o o .

. - . . within traditional ‘development’ projects that

Imstitutions or interna- focus on bringing about change at scale is

tional organizations, as  possible.”

outlined bClOW may be 3. The notion that ‘moving to scale’ or ‘scaling

)

one way forward.

up’ does not mean that research and the sci-

entific approach is no longer needed. We

would be happy to see the term ‘scaling up’
dropped and replaced with one that describes the concept of research and
linked activities being defined by the scale at which a problem is identi-
tied and solutions sought. The trick will be to effectively embed a learning
process in a widening innovation process. This is very different from the
current assumption that research must only be undertaken one time and
then is ready for extension, or that there are technologies ‘on the shelf’
waiting to be rolled out to farmers.

4. Linking social and technical innovation processes to give rural people
better access to global knowledge and options as well as relevant—often
local—data on technical performance of options by contexts. Ideally, this
will enable the massively parallel production of information about tech-
nology performance across contexts.

5. A pragmatic view of intensification that draws on agroecological principles
and practices, without demonizing or discouraging the use of external
inputs, as available and appropriate. A recent example is the recognition
that conservation agriculture on its own will often not meet soil fertility
requirements without the use of fertilizer.’®

Arguments against adopting such R&D systems might reasonably focus on

the limitations of resources and human capacities to carry them forward. The
costs and skill requirements are intimidating for two reasons. First, the skills in
both technical research capability and in facilitation and participation are needed
in all steps, but are in limited supply. Second, much of the effort on the ground
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must be undertaken across locations. Exactly what this means and how local work
should be done requires more analysis. However, the analysis must depend on the
problem context and the heterogeneity within the problem domain. A participa-
tory approach that draws on farmers’ own social technical capital with support
from local institutions or international organizations, as outlined below, may be

one way forward.

FARMER RESEARCH NETWORKS AS A NEW PARADIGM FOR RESEARCH AND
DEVELOPMENT

It is difficult to imagine the current R&D system obtaining the needed evi-
dence base for AEI and delivering relevant and effective extension messages to
serve resource-constrained smallholder farmers in diverse environments. The enor-
mity of the task, coupled with the resource-strapped realities faced by researchers
and extension personnel, make this equation seem unsolvable under the existing
assumptions that researchers can solve problems and develop appropriate tech-
nologies, while institutions on the ground can deliver the goods. This is simply
not a viable model. More decentralized and participatory approaches facilitated
by NGOs, together with low-cost sensor technologies and information sharing
via information and communications technologies (ICT), have the potential to
generate an explosion of local and global knowledge that could improve the per-
formance of smallholder agriculture. Perhaps more importantly, approaches to
agricultural innovation that focus on linking farmers with one another and with
wider sources of information and technology have the potential to transform the
rural experience. This is now possible due to the meteoric increase in access to cell
phones and the Internet, even in rural areas.>

Given the context dependency of AEI it should be worked out in the context
in which it will be expected to perform. New strategies and policies are needed that
promote local innovation and allow diverse options to be considered, adapted, and
combined in ways that meet farmers’ complex and diverse needs and opportuni-
ties, with support from local institutions and governing bodies. Criteria for suc-
cessful strategies include: the potential for large-scale engagement of rural people
and farms that represent the important social and biophysical variability; the
institutional capacity to provide effective suites of options to farmers; the rigorous
evaluation of options across contexts; and the capacity to provide actionable and
useful information based on this evaluation, perhaps facilitated by organizations
that have the economic means that the resource-strapped smallholder farmers lack.
Farmer research networks may be a type of approach that could meet these criteria.

Farmer-participatory research methods have been developed to address many
of the issues raised in this paper. Participatory methods have been discussed and
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practiced for decades, and typologies of participation have been developed to
characterize the relative roles of farmers and researchers.®® Although research and
extension approaches still tend to be top-down, there are several examples of par-
ticipatory approaches that have been implemented at substantial scale. These typi-
cally entail work with farmer research groups who undertake experimentation in
collaboration with research and extension partners, well-funded NGOs, or interna-
tional aid organizations who have better access to the information and technology
of the researchers, for example farmer field schools (FFS) and local agricultural
research committees.® These and other models for farmer participatory research
vary in: the extent of experimentation; more demonstration versus more extensive
trialing of unknown material; the inclusiveness of community participation, e.g.,
whether trials are conducted by elite farmers or broader groups who represent the
diversity of the community; and the intensity of the interaction among farmers,
extension and facilitation groups, and research personnel. Participatory approaches
are widely used in development, but practiced at a nominal level, if at all, in many
national agricultural research programs.

The FFS that have been conducted in Asia, Latin America, and Africa have
been used primarily as a participatory extension approach.®® That is, farmer groups
conduct experiments to learn about agroecological principles and practices, but
the findings of the tens of thousands of FFS experiments have contributed little
to the global knowledge base. The farmer research network concept would aim to
implement FFS-type learning and experimentation approaches, but with greater
emphasis on negotiation of the research agenda and sharing of research results
among various interested organizations and farmers. With the increasing avail-
ability of sensor and communications technologies, it should now be possible for
farmer researchers to gather and share data on the performance of agricultural
options. Exploration of the possibilities will require investments in social innova-
tion processes to fully engage and inspire rural communities, as well as in the
relevant technical processes, including those that allow for the collective manage-
ment, interpretation, and sharing of large, participatory datasets.

CONCLUSIONS

The food security of millions of smallholder farmers is poorly served by con-
temporary approaches to research and development. Much of the current develop-
ment discourse and investment is focused on modernizing smallholder agriculture
in developing countries. Modernity, in this context, is energy-intensive agriculture
in which human labor and organic inputs are replaced by fertilizers and mechani-
zation based on fossil fuels. Although much is being invested in fertilizer subsidies,

there is emerging evidence that such subsidies are not financially sustainable and
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that they do little to benefit either farmers or consumers in the long run.®® Farmers
need technologies that work under their environmental, economic, political, and
institutional circumstances. This article has illustrated that agroecological intensi-
fication approaches must be developed in tandem with local institutions to improve
productivity, sustainability, and nutrition. Participatory approaches, practiced on
a wide scale and using new information and communications technologies, have
the potential to better match AEI options to diverse contexts in order to improve
system performance through the integration of agroecological principles. There is
a need to change the way research and development systems work in support of
smallholders to realize this potential.

Figure 1 shows the conceptual framework for an approach to improving
agricultural performance by contextualized scaling based on the implementation
of agroecological principles. A cycle of local implementation involves a diagnosis
of local priorities, global sourcing of relevant agroecological and intensification
principles, and local adaptation. Based on the results of local adaptation,
successes and lessons learned are taken into account and utilized when the
cycle is repeated elsewhere.

Global Local
Assemblin . .
. m "3 Diagnosis
principles
Contextualizing Local
principles adaptation
Learning from Contextualised
scaling scaling
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