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A B S T R A C T

There is a significant gap between the rhetoric of claims about adoption of farm-level natural resource management practices and the reality. New empirical evidence
of low adoption from several developing countries suggests that on-farm natural resource management practices face significant constraints to adoption, and that
they deliver heterogeneous private and public benefits. Five recommendations are given to the research community related to: targeting; scaling-up; the proper role
of research; trajectories of diffusion; and measurement of environmental impacts.

The intensification of agriculture—increasing yields from the same
area of land while mitigating negative environmental impacts and in-
creasing the provision of environmental services—is increasingly
viewed as an important policy priority, particularly for developing
countries (Tilman et al., 2002; Rockström et al., 2017). Results from
agronomic trials suggest that scaling up plot- and farm-level natural
resource management (NRM) practices can be a key element of sus-
tainable intensification, particularly because of their potential to re-
concile trade-offs between agricultural profits (for the farmer) and en-
vironmental benefits (for society at large).

A seminal paper by Pretty et al. (2006) did much to raise expecta-
tions around the potential for scaling NRM practices in developing
countries. Through a review of 286 agricultural sustainability projects
in 57 countries—all of which incorporate NRM practices—they docu-
ment an aggregate 79% increase in yields attributable to the projects.
However, further analysis raised questions about both the validity and
representativity of the results (Phalan et al., 2007), and there is little
evidence in the literature suggesting that the findings could be re-
plicated at scale. Yet, Pretty et al. (2006) continue to be widely cited,
possibly reflecting the broad appeal of its win-win message.

A recent set of nine studies (reported in Stevenson and Vlek, 2018)

documents adoption of several plot and farm-level NRM practices
drawing on cases from 10 countries, chosen based on claims by CGIAR
centers that the uptake of such practices was significant, similar to
Pretty et al. (2006).1 The studies – that focused on conservation agri-
culture, fertilizer trees, alternate wetting and drying (AWD) in rice,
integrated soil fertility management (ISFM), and micro-dosing of ferti-
lizer—systematically found low adoption rates in the focus countries.
Observed rates for full adoption of a package of practices ranged from
less than 1% (conservation agriculture in Malawi and Zambia) to 29%
(ISFM in Kenya). Partial adoption rates (adoption of some but not all
components of a recommended package), where applicable, fell within
the range of 3–18% (Stevenson and Vlek, 2018).

There are many candidate theories explaining such low adoption
rates of potentially beneficial practices. Many smallholder farmers are
constrained in their ability to invest the necessary resources in im-
proving their farms (i.e. those that are “hanging in” rather than “step-
ping up” or “stepping out”, to use the DFID conceptual framework on
agriculture (Department for International Development, UK, 2015)).
For many practices, there is a long time-lag between uptake and the
expected effects—particularly for complex multi-component “package”
technologies (Brown et al., 2017). Furthermore, the enabling
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conditions, such as property rights over land and the ability to access
the requisite inputs, for the uptake of NRM practices simply may not
exist.

Even when there is a significant push from researchers, the gov-
ernment, and/or civil society organizations to lift such constraints,
adoption outcomes on farmers’ fields may not match expectations. This
is illustrated by the large-scale, long-term effort to achieve a better
balance between agricultural production and ecological performance
across China (reported in Cui et al., 2018). First, the authors and a “core
network of 1152 researchers with numerous extension agents and
agribusiness personnel” conducted 13,123 field trials between 2005
and 2015 across China’s major agroecological zones. This research
tested the performance of a decision-support integrated soil-crop
system management (ISSM) program. ISSM-based management re-
commendations were then provided to farmers in each locality, using
modelling simulations and local trial conditions to identify practices
that would increase average yields by approximately 11% and decrease
nitrogen application by 15–18%. However, a massive survey of 8.6
million farmers in counties reached by this program shows that a ma-
jority of interviewed farmers (61%) reported yields that were between
10% and 50% below these locally-determined optima, “while their ni-
trogen rates were comparable to or higher than [the recommended]
ISSM-based rates.” It is likely even more true for Sub Sahara Africa,
given the agroecological and socioeconomic heterogeneity of small-
holder farms and farmers, that specific NRM practices are unlikely to be
universally beneficial – there will be farmers for whom adoption does
not reap the expected private benefits.2

Hence, while they are potentially very beneficial, on-farm NRM
practices face significant constraints to adoption and they deliver het-
erogeneous private and public benefits. To take stock of what this
means for research, for agricultural development programs and for
impact assessment, a group of 40 social and natural scientists from
around the world who work on sustainable agricultural development
gathered to discuss implications and identify priorities. The discussions
resulted in five specific recommendations.

1. Accurately identify and target farmers based on their idiosyncratic
needs and circumstances.
This applies both to research and to the development of interven-
tions and could potentially improve adoption and the ensuing ex-
pected private and public benefits. Auctions are one mechanism for
bottom-up targeting, but CGIAR has traditionally focused on top-
down targeting. Current research and development processes are
rarely designed to test and inform targeting strategies of NARES and
other development partners, in spite of the vast body of literature
describing heterogeneity among smallholder households, and the
implications of heterogeneity for agricultural practices, natural re-
source management, and livelihood strategies (e.g., Tittonell et al.,
2010; Suri, 2011). This suggests opportunities to design innovative
targeting mechanisms that encourage participatory approaches,
dynamic and sequential learning processes, and rigorous evaluation
of which innovations and combinations of innovations works, for
whom, and under what circumstances (Box 1).
Such a shift requires better analysis of the full range of benefits of
promising innovations. This becomes possible when researchers
work with larger numbers of farmers (Vanlauwe, Coe and Giller,
2016; Coe, Sinclair and Barrios, 2014; Nelson, Coe and Haussmann,
2016), when collaboration between biophysical researchers and
impact assessment specialists help improve design of trials (Lajaaj
et al., 2018; de Roo et al., 2017) and when farmer preferences are
explicitly considered (Jack, 2013; Jack et al., 2015). Better quanti-
fication of public (environmental) benefits, and more effort in in-
corporating a good understanding of both private and public

benefits into the design of institutional infrastructure and policies to
support dissemination are also needed. For instance, if adoption
involves upfront costs or involves negative utility for farmers but
also results in significant public benefits, farmer compensation in
the form of payments of ecosystem services (a conditional subsidy)
could be appropriate during the transition period or even in per-
petuity.

2. Explore better scaling-up strategies.
The research to impact pathway for NRM is non-linear and scaling-
up strategies will need to take this into account. Strategic alliances
between research and development organizations could help build
research into development projects that invest in enabling condi-
tions for uptake of NRM practices. Existing examples of such colla-
borations are often in the context of pilot programs, but pilots are
often implemented in artificial contexts, where there may be more
investment in promotion of interventions than is feasible at large
scale. Therefore, moving towards collaboration in large-scale pro-
grams, especially those implemented by governments – as in the
China example cited earlier – would be desirable to get a more re-
presentative picture. Incorporating lessons from economics (Gars
and Ward, 2016; Bell, Zhang, and Nou, 2016; Magruder, 2018)
about the factors that influence uptake in such large-scale initiatives
could offer important insights. Embedded experimental impact
studies could then focus on specific parts of the causal chain, from
the development and testing to the diffusion stages, thus com-
plementing adoption studies and long-term impact assessments.
Opportunities for learning about mechanisms and heterogeneous
effects across experiments could also be created – but this requires
advance coordination and planning to set up the right portfolio of
impact studies and to collect comparable data. In practice, scaling
up is very complex and it can be hard to untangle the constituent
elements – a fact that is not unique to NRM interventions but may be
more difficult if one considers multiple scales.

3. Play the role of information provider / knowledge broker.
International agricultural research institutions are increasingly seen
by their development partners as a source of highly specific in-
formation about NRM innovations, practices and principles, rather
than as NRM inventors, developers, or suppliers per se. This role as
an information-provider implies different types of research outputs
which will have different pathways to impact than a traditional,
linear technology development and dissemination model. National
extension systems, private sector, farmer-based organizations, and
civil society organizations will still be critical interfaces between
agricultural research and the ultimate clients – the farmers.
However, the way that international research institutes collaborate
with these diverse entities, and the capacities needed on both sides
for this collaboration to work, are likely to be different than tradi-
tionally has been the case. The shift from a “technology pushing”
paradigm to one of promoting principles and participatory experi-
mentation is long underway but still incomplete. Much more
learning needs to take place with partners in specific geographies,
requiring different skill sets among national researchers and local
development partners. This also implies that projects from devel-
opment organizations need to integrate an explicit research com-
ponent (just as many large CGIAR projects are integrating devel-
opment components).

4. Carefully consider the expected long-term trajectories for diffusion
of NRM practices. Given that uptake of certain practices may need to
precede others, this is all the more important. The designs of impact
assessments for NRM practices need to account for dynamic adop-
tion processes because documenting sustained adoption and/or dis-
adoption is key to understanding potential long-term impacts. This
calls for high-quality panel datasets and long-term follow-up sur-
veys, as well as deployment of innovative tools, such as the use of
remotely-sensed imagery collected over long time periods. The
challenges inherent in measuring adoption of principles as opposed2 This is the case for most investments, not just NRM practices.
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to practices highlight the need to re-think what can be measured and
how. For example, can we make better use of information on dis-
semination from program M&E systems, to measure exposure to
innovations (a sine qua non for understanding dynamic adoption and
impact at scale)?

5. Measure and report the impacts of on-farm NRM practices on en-
vironmental outcomes. This is rarely done, and even when such
outcomes are measured, the focus is often on one or two outcomes
and ignores interactions. Yield and productivity-related goals have
dominated what is measured, in part because they are assumed to be
what farmers most care about and what policy makers prioritize.
Efforts are underway to better define and measure the social and
environmental outcomes that are part of sustainable intensification
(Box 2).

1. Discussion

Agronomic research has focused on specific management practices
and the conditions under which their adoption by farmers can lead to
certain desirable outcomes being realized. There may well be oppor-
tunities for socially, economically, and environmentally desirable out-
comes from the adoption of plot- and farm-level on-farm NRM prac-
tices, but rigorous assessments suggest they do not always exist, nor do
they automatically materialize. Farmers rarely follow strictly codified
recommendations devised by scientists: rather, they often adapt

agronomic principles to their practices. When trying to evaluate the
effectiveness of scientists’ recommendations, a focus on principles over
practices does, however, present measurement challenges as the broad
application of principles may vary substantially among farmers (see
Stevenson et al., 2014 for a discussion in the context of conservation
agriculture) or may be unobservable to the investigator. To measure the
influence of principles conveyed during a given extension approach, a
strong theory needs to be defined prior to data collection regarding
what we would expect to see at the farm and/or landscape level if those
principles are taken up. Testing the theory might entail: pre-analysis
plans, a multi-dimensional measurement effort and, importantly, ad-
dressing the issue of farmer intent by asking about their perceptions of
the functional role of certain practices. Furthermore, such a shift in
emphasis implies that in order to appropriately assess the impact of
agricultural research we must take into account influence on develop-
ment actors (public and private).

Large-scale NGOs and social enterprises are aiming to influence
farmer management through their programs, and these efforts are po-
tentially useful in reaching large numbers of farmers. To assure a focus
on principles rather than practices, agricultural researchers then may
need to build closer research ties with providers of extension, advisory,
and information services across the continuum (i.e. in the public sector,
private sector, and civil society). The impacts of such efforts need to be
assessed rigorously, and research with service providers can help us
understand which extension provision strategies, approaches, and

Box 1
Complementarities, complexities, and targeting: the case of Integrated Soil Fertility Management.

The International Institute for Tropical Agriculture (IITA) led a research project (COMPRO I) in Kenya, Nigeria, and Ethiopia that analyzed
the cost effectiveness of 100 commercial inputs, through lab-analysis of input content, research station trials, and on-farm trials. Of these
inputs, only a small proportion had sufficiently high benefit-cost ratios to warrant adoption by smallholders. Because returns to inputs vary
by socioeconomic and agroecological conditions, there may be significant risks and costs to farmers experimentation that explain low
adoption rates. Clearly, NRM research needs to carefully consider upfront the full range of potential benefits (and costs/risks) for better
targeting.

Following COMPRO I, Laajaj and Macours (2016) focused on potential constraints to learning through a Randomized Control Trial
(RCT) in Western Kenya. Smallholders were invited, prior to randomization, to participate in the trial (a test of different combinations of
maize/soya seed and fertilizer packages) on one of their plots over three seasons. While learning was slow, farmers were able to identify
which inputs worked best over several seasons, extended it to other plots, and this learning increased their willingness to purchase those
inputs. Other studies have illustrated the progression curve, in adoption of NRM practices, from awareness to trials to experimentation and
partial use to full use (or, of course, disuse) (Vanlauwe, 2017).

Box 2
Going beyond practices: the case of Alternate Wetting and Drying.

AWD is an irrigation management approach that farmers can apply to save water and reduce costs associated with irrigation without rice
yield penalties (Lampayan et al., 2015). AWD could help increase production since farmers can expand acreage under cultivation, and may
reduce methane emissions from rice fields, which are a significant source of greenhouse gas emissions globally (Smith et al., 2007). The
International Rice Research Institute (IRRI) and its national agricultural research and extension systems (NARES) partners studied and
developed AWD in 1990s-2000s (Lampayan and Bouman, 2005), including a low-cost tool (perforated water tubes) that can be installed in
farmers’ fields to enable water depth monitoring. This is essential to “safe” AWD use, which requires careful management of both irrigation
and drainage.

In an RCT designed to quantify these multi-dimensional impacts of AWD in an area of Philippines where it had not been formally
introduced to farmers, Rejesus et al. (2017) found no significant differences in yields, gross income, or water use between farmers in
treatment and control areas. A likely explanation is that the conventional practice of control farmers in the control group was actually
similar to those in the treatment group who used AWD, i.e., farmers in both groups intermittently irrigated their rice fields and did not rely
on continuous flooding. This raises questions about how AWD “adoption” is defined and measured, and whether practices among farmers in
the control group also constitute a form of sustainable intensification with many of the same private and social benefits.

Furthermore, new insights on the full accounting for the greenhouse gas emissions from a switch to intermittent flooding (Kritee et al.,
2018) have reiterated the importance of context. Nitrous oxide emissions from intermittently flooded fields can be 30–40 times higher
(Kritee et al., 2018), which could offset the decline achieved in methane emissions. Thus, both for reasons of properly understanding farmer
behavior and accounting for the full range of possible impacts, it is appropriate to shift the focus of NRM research design and its assessment
to broader principles and guidelines, including interactions and not limit the goal to having farmers adopting a narrow set of practices.
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methods (such as the use of community- and ICT-based channels) can
be most effective to disseminate NRM principles.

The recommendations outlined in this article point to a considerable
research agenda which should be based on science, including science
that is driven by needs for solutions to problems identified by farming
communities and the development partners engaging directly with
farming communities. Some have referred to this kind of approach as
“research in development” (Coe et al., 2014). The challenge is how to
implement such an approach and draw lessons that have relevance
beyond specific study sites. Possible candidates for the latter relate to
the lessons learned about the effectiveness of extension models and a
deeper understanding of heterogeneity across farmers and agro-ecolo-
gies.
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