E-forum: Examining Sustainable Intensification Research Priorities

Background

Agriculture is at a defining moment: the effective demand for food is growing around the world,
while at the same time severe constraints are faced from degraded soil resources and a
changing climate (Beddington et al., 2012; Godfray et al., 2010). Agricultural intensification in
recent decades has dramatically increased food production, in combination with extending
production into new areas (the later is notable throughout sub-Saharan Africa). Widespread
food insecurity remains, however, and negative environmental consequences of agricultural
practices have put water and air quality at risk (Tilman et al. 2011). Sustainable intensification
has been proposed as the means to address this difficult challenge, a way to feed the world,
while protecting the resource base and environmental services. Sustainable Intensification (SI)
was described by Pretty in the 1990s and has received increasing attention recently, particularly
in the arena of international agricultural development (De Schutter, 2010; Pretty, 1997).

Pretty et al. (2011) define Sl as follows: “Sustainable agricultural intensification is defined as
producing more output from the same area of land while reducing the negative environmental
impacts and at the same time increasing contributions to natural capital and the flow of
environmental services”. An important aspect of Sl according to the same source is that: “As
both agricultural and environmental outcomes are pre-eminent under sustainable
intensification, such sustainable agricultural systems cannot be defined by the acceptability of
any particular technologies or practices (there are no blueprints).” In summary, there are no
blueprints because Sl focuses on a goal, and there are different pathways to that goal.

In this paper we have undertaken a literature overview of Sl that follows this same approach.
We focus on how to support trajectories of SI, and put into practice agro-ecological principles,
rather than on a specific set of technologies (Petersen & Snapp, in review). This was the
rationale behind the Sl research topics chosen for the e-Forum: farming systems, research rigor,
integration and scaling out of science, and biologically-based management of natural resources
as the foundation for Sl technologies.

Farming systems analysis

Calls for systems-based approaches to understand farmers and their livelihoods have occurred
intermittently since the 1970s yet component research has continued to dominate agricultural
development, in conjunction with the linear research-extension model of technology transfer
(Collison, 2000). It has been argued that the lack of farming systems analysis has been a key
contributor to the agricultural stagnation that characterizes much of Sub-Saharan Africa
(IAASTD, 2009). Although farmer participatory approaches and on-farm research are often
mentioned as an important aspect of development projects, recent major investments have



favored a ‘silver bullet’, component technology or technical package approach. In contrast,
systems-based approaches offer a learner-centered alternative, where modeling and
information is used to support opportunity analysis, participatory action learning,
interdisciplinary research, and catalyze Sl innovation.

The complexity of the challenges farmers and rural communities face include the uncertainty of
a changing climate, and globalization transformations underway (Moore et al., 2012).
Smallholders are particularly at risk to climatic variability such as poorly timed dry spells,
extended drought and excess rainfall (Funk et al., 2008). In this complex and changing
environment, technical solutions have failed, time after time. Participatory action research has
provided notable exceptions, including introduction of crop varieties and integrated agricultural
management that is tailored, and combined with attention to education to support local
adaptation capacity (Snapp et al., 2010; Tittonell et al., 2012).

To support a Sl trajectory, where production is intensified while the environment is conserved, it
is clear that some form of systems analysis will be required. This will inform a thorough
understanding of producer livelihoods and biophysical characteristics of crop, tree and livestock
systems. A systematic systems analysis and co-learning approach with local communities has
supported the identification and rapid adoption of best bet options, sometimes called plausible
innovations (Giller et al., 2006, Mapfumo et al., 2013). How to scale out these innovations, and
extend action research findings to multiple scenarios remains a challenge. Linkage with
simulation modeling or participatory modeling has been proposed as one means, however,
there are only a few examples of successful implementation of such linked approaches (CGIAR,
2012). This raises the question, what are the research priorities in farming systems analysis?

We pose the following as key areas for inquiry:

*  What are the drivers of sustainable intensification and how can they best be identified?

*  What are the important system boundaries within which farming systems research can most
effectively produce scalable results?

*  On which scales should sustainable intensification research be focused and how can they be
determined?

* How can research move from system characterization to constraint identification and
diagnosis and then to scalable solutions?

Rigorous science and effective data management

Farming systems research requires the collection, analysis, and management of data from
multiple scales, on a range of biophysical and socio-economic variables, and across a number of
research organizations. Insuring relevance of research is the foundation for research rigor.
Farmer preferences often value traits such as stability of production, meeting a diversity of
requirements, labor and land saving traits, and locally-preferred taste and storage traits above
metrics of productivity, such as high yield (Ceccarelli and Grando, 2007; Mugwe et al., 2009).
This is the rationale for conducting research on-farm, and developing action research
partnerships that enhance understanding, and catalyze innovation at multiple scales. Research



involving such complex data is susceptible to being insufficiently focused and can result in
unclear conclusions. This has been a major barrier to conducting farming systems research at
farm level. The challenge of a changing climate highlights the urgent need to move beyond data
collection and information gathering to knowledge, or what has been called actionable
information (IRl, 2011). To ensure effective integration of the multiple disciplines involved in
farming systems, research data must be shared across a wide range of disciplines, and
transparency on how data were collected and at which scales.

To integrate spatial information, systems analysis over space and time, and understand
inference zones requires improved data management capacity and utilization. Large volumes of
quality data is a foundational requirement for the integration of simulation models operating at
the field or farm level with GIS data bases, to make predictions and infer trends (Hartkamp et
al.,, 1999). A wide range of modeling and decision support approaches to understanding rural
livelihoods and support Sl requires attention to, and improved management of, large quantities
of farm data (CGIAR, 2012). The case has also been made for qualitative and quantitative data as
a basis for group model building in a systems dynamics approach to understanding natural
resource management, as shown by an intriguing case study from the Philippines (Schmitt
Olabisi, 2010).

Farming systems research has too often relied on databases that document demonstrations,
e.g., the location of technologies tested, and responses observed. This has often involved
narrow sets of technologies that are supply driven, with little attention to documenting demand
or adaptations. In contrast, data are needed that support participatory action research, and
farmer-led innovations (O’Brein, 1998). Farmers often value traits such as stability of
production, meeting a diversity of requirements, labor and land saving traits, locally-preferred
taste, and storage traits above metrics of productivity, such as high yield (Ceccarelli & Grando,
2007; Mugwe et al., 2009). Data that is relevant to these objectives can provide a foundation for
farming systems research hypotheses and objectives. It is crucial to develop these data
platforms to help design experiments, document findings and synthesize the main drivers of
productivity, livelihoods, health and a sustainable environment. Inference from research
findings, across time and space requires improved management of these large data sets.

Key questions include:

* What are the necessary steps to ensuring that multi-scale, multi-disciplinary research is
coherent, is relevant to a wide range of farm households, and leads to clear
conclusions?

* What are the requirements for effective data set management and sharing amongst
multiple organizations and across projects and programs?

* How can relevant, hypothesis-based experiments be designed to include spatial scales
spanning plots, fields, farms and landscapes?

Scientific and local knowledge integration and scaling out



Farmer knowledge and input is a critical component of Sl activities and farmers are often
directly involved in priority setting, experiment management, and data collection. Their
involvement can greatly increase the relevance of results but can also introduce ethical issues
and bias and disrupt their livelihoods. Another challenge is how to integrate local knowledge
with scientific knowledge (Huntington, 2000). In a rapidly changing world, local capacity and
action research is fundamental to supporting resilience (Mapfumo et al., 2013). At the same
time, scaling out to reach larger audiences requires new approaches to integration and
dissemination (Snapp & Heong, 2003).

Key questions include:

* How can the testing or adoption by farmers of innovative Sl strategies be supported in
action research without risking livelihoods or biasing results?

* How can engagement with farmers and rural communities support research priority
setting and scaling out of results?

* How can scientists capture how farmers adapt introduced innovations to real world and
changing conditions and broaden options beyond narrowly focused technologies?

Integrating productivity and natural resource management

Increasing crop, livestock, and aquaculture productivity per unit land area or input—
intensification—is critical for farmers to meet their economic and nutritional needs. Doing so in
an environmentally sustainable manner is critical for long-term success (Pretty et al., 2011).
Beyond conserving the resource base, sustainable intensification also pays attention to
supporting production of a broad range of ecosystem services, conserving biodiversity and other
benefits of nature (Tilman et al., 2002).

Successful S| strategies rely heavily on biologically based management to increase the
productivity of soil and water resources. Crop diversification, recoupling of crop, livestock,
and/or aquaculture nutrient cycles, agroforestry, and integration of perennial vegetation can
play important roles in developing successful Sl strategies. Principles put forward as the
foundation for Sl have included reduced disturbance and various forms of conservation
agriculture, although this remains controversial in an African smallholder livelihood context
(Giller et al., 2009). Coupled carbon and nitrogen cycling, and harnessing of plants and
associated microbial communities to improve nutrient cycling are also key principles of S|
(Drinkwater & Snapp, 2007). Diversification with livestock and legumes that combine food
production with soil building properties has been shown to ‘go to scale’ and enhance farming
system performance, and stability of production (Mapfumo et al., 2013; Snapp et al., 2010).

Including all possibilities in all places, though, can result in overly complex systems that aren’t
easily adopted by farmers and are difficult to design effective research around.

Key questions include:
* Have robust and practical methods for determining the suitability of biologically based

interventions been developed that can help prioritize research interventions?
* What s the interaction of these strategies with industrial or purchased inputs?



*  Which are key biological principles to support SI, such as increased vegetative cover for
soil conservation and capture of sunlight, judiciously targeted disturbance, or coupling
of carbon with nutrient cycling?

Future direction

There is an increased recognition that systems analysis, which identifies drivers of productivity
and opportunities for farmer-led SI, can help meet the challenges presented by highly
heterogeneous and complex farming systems where adoption has been almost nil to date
(McCown et al., 2009). Successful examples of Sl trajectories include introduction and adoption
of improved legume genetics, targeted and judicious use of integrated nutrient management
technologies, and climate-smart forms of agriculture that integrate perennials (Glover et al.,
2012). For example, participatory action research, modeling and nutrition education has helped
drive agricultural intensification in a manner that supports local resilience and measurable
improvements in child nutrition in Northern Malawi, Ekwendeni region (Snapp et al., 2010;
Bezner Kerr et al., 2010). ‘Plausible bet’ technology options have been identified that show
promise as means to improve soil moisture holding capacity and drought resilience and support
farmer innovation, but these options need to be tested and scaled out over space and time,
especially in light of an often risky climate and marginal production environment (Tittonell et al.,
2012). Rigorous, evidence based research that links the best science to local knowledge is
urgently needed. This can support the innovation, experimentation and information sharing that
leads to adoption, and more resilient, sustainably intensified, farming techniques (O'Brien,
1998).
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