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ABSTRACT

In recent years, Conservation Agriculture (CA) has been promoted in sub-Saharan Africa (SSA) as
an alternative farming system for smallholder farmers to address declining soil productivity and
climate change. CA is a technology package based on 1) minimum soil disturbance; 2) permanent
soil cover; and 3) maximum crop diversity through rotation/association. Claims about the potential
benefits of CA for smallholder farmers in SSA are contested, and the (non-)adoption by farmers
remains difficult to predict and understand. This research combines different conceptual models to
better understand the adoption and promotion of CA in Kenya and Madagascar with a wider

relevance for similar practices in SSA.

For both countries, the major stakeholders in the innovation systems and their interlinkages are
described, with a focus on the position of smallholder farmers. Stakeholders’ ‘theories of change’,
narratives and ‘framing’ of the importance of CA, and their perceived legitimation for their
involvement in CA, are described. Results show that the Agricultural Innovation Systems (AIS)
approach through Innovation Platforms remains difficult to translate into practice; expert-based
development approaches remain the norm. It is argued that this is partly the result of an
institutionalisation of purposive-rational policy and practice, while the capabilities approach and
Habermas’ theory of communicative action explored in this thesis, suggest the need for a counter
institutionalisation of more communicative-rational thinking and practice. Communicative action
can enable an AIS approach that actually provides sustainable technological and institutional

innovation.

This research shows that the social-psychological Reasoned Action Approach is a useful heuristic
for understanding farmers’ intention to adopt CA practices in terms of attitudes, perceived social
norms and perceived behavioural control (PBC), and the respective underlying beliefs. Results
show that attitudes and PBC are the main determinants of intentions. It is recommended to promote

experimentation and learning, because these influence both PBC and attitudes.
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Words in Swahili (S) or Malagasy (M) languages

Angady

Baiboho

Bozoka

Dawa

Dodoka

Fady

Fokontany
Kilimo hifadhi
Lavaka
Makalioka
Saro-drano

Sihanaka

Tanety

Tinam-bary

Voly Rakotra

(M) Shovel which is used for most of the work on the land like weeding,
planting etc.

(M) Fertile and mostly flat lands with good water drainage, located between tanety
and tinam-bary. Common crops: rice, vegetables and cover crops, also off-season.

(M) Natural grasses that grow on the fanety, sometimes used as a source for cut-
and-carry mulching.

(S) Translates with chemicals, most often used in reference to herbicides.

(M) A sign, usually made with branches and/or a blue plastic bag on top of a stick,
placed in a field to indicate that no cattle is allowed to enter the field for grazing.

(M) Forbidden, taboo. For example, in the area around Amparahitsokatra east of
Lake Alaotra, it is considered fady to work on the rice paddies on Thursdays.

(M) Local administrative unit, equivalent to commune.

(S) Conservation Agriculture.

(M) Literally translates as "hole’, referring to the huge erosion gullies on the tanety.
(M) Traditional rice variety in the Alaotra region with long grains.

(M) Rice paddy with limited water control

(M) Literally translates as ‘people of the swamps’, dominant ethnic group in the
Lake Alaotra region.

(M) Hills with sometimes steep slopes, the least fertile lands in the study area with
only rain fed crops. Common crops: Cassava, maize, rain-fed rice, peanuts, etc.

(M) Rice paddies, sub-classified as having good water control (irrigated) and bad
water control (uncontrolled flooding).

(M) Malagasy word meaning ‘planting with cover’, used to refer to SCV, which is
French for conservation agriculture.
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1 INTRODUCTION

It is generally acknowledged by a wide range of actors dealing with agricultural development that
the productivity of small-scale agriculture must increase in order to meet the second Global Goal
for Sustainable Development to “End hunger, achieve food security and improved nutrition and
promote sustainable agriculture” (UNDP, 2015; Hounkonnou et al., 2012). At the same time,
concerns are widespread about the soil fertility decline and persistent soil degradation in large parts
of sub-Saharan Africa (SSA). Moreover, climate change is expected to impact the rainfall
variability in SSA, leading to more frequent extreme rain events and droughts (Milder, Scherr and
Majanen, 2011; AGRA, 2014; Kurukulasuriya et al., 2006). In this context, Conservation
Agriculture (CA) is being promoted as a farming system that can potentially contribute to the

sustainable intensification of small-scale agriculture in SSA.

The two main foci of this research are the adoption and promotion of CA in Kenya and
Madagascar. With adoption I refer to ‘‘the mental process an individual passes from first hearing
about an innovation to final adoption’’ (Rogers, 1983), which despite the focus on the individual
psychology has to take into account socio-cultural, economic and political realities. The term
‘promotion’ is loosely applied in this study, and refers to ‘the intentional engagement in activities
of individuals and organisations to investigate, fund, support, or up-scale technologies like CA’. As
such, promotion is one element of ‘innovation’. The meaning of agricultural innovation, often used
to indicate ‘new technology’, is and should be wider to include new processes, social networks and
institutional arrangements (FAO, 2014b). The ‘place’ where agricultural innovation is taking place
is in the interactions between a diversity of stakeholders and the formal and informal policies and

institutions that influence them, a complex referred to as the agricultural innovation system.

Although the main body of data and results in this thesis deals with CA in Kenya and Madagascar,
there are several elements that have a wider relevance for sustainable smallholder agriculture in
Africa. One such element is the conceptual framework. The conceptual framework in this thesis is
based on the capability approach (Sen, 1999; Nussbaum, 2001), a normative framework claiming
that the goal of development, including agricultural development, should be to increase
capabilities, i.e. the range of options that are realistically open to people. When applied to small-
scale agriculture and the two main foci of the thesis, two important questions emerge: To what
extent is CA an actual capability for farmers, i.e. a realistic option, and what reasons do they have
to make use of that option or not? And: To what extend do technological and institutional
innovation processes in the innovation system create capabilities, i.e. expand the range of options
open to small-scale farmers that enables them to leading a valuable life? These analytical questions
are taken up in the general discussion chapter, based on the empirical findings of this research and

the wider literature.



In this chapter I will introduce three important elements that are relevant for understanding CA and
its promotion, and relate them to the current research. First, CA can be understood as a farming
system that is based on a set of agro-ecological principles. The three defining principles for CA are
1) minimum soil disturbance; 2) permanent soil cover; and 3) crop rotations and associations
(FAO, 2014a). The importance of applying agro-ecological principles in small-scale farming in
Africa is more and more recognized, partly because small farms in marginal areas have not
benefitted much from mainstream agricultural technologies. Instead, agro-ecology builds on
location-specific, resource-conserving, participatory management of agro-ecosystems that deliver

multiple ecosystem services beyond agricultural productivity (Altieri, 2002).

Second, the adoption of CA by smallholder farmers is a process that is influenced by many factors
at different levels. The study of factors influencing adoption of CA starts from the observation that
empirical evidence provides contradictory results (Knowler and Bradshaw, 2007), which moreover
explain little variance in observed (non-) adoption (Andersson and D’Souza, 2014). Nevertheless,
adoption studies are considered important for understanding the impact of promotion projects and
policy. Guided by the ‘capability’ perspective, which emphasizes both the physical possibilities
open to a person and an individual choice element, the Reasoned Action Approach is suggested as
an alternative avenue for understanding adoption. This behavioural model, building on social-
psychology, tries to understand and predict (adoption) behaviour from intentions and attitudinal,

social normative and perceived behavioural control constructs (Fishbein and Ajzen, 2010).

Third, the promotion of CA can be seen as an example of Contested Agronomy. For many years
the relation between state and agronomy used to be seen as uncontroversial and was centred on the
objective of increasing productivity per ha. In recent decades, however, agronomy has become a
political arena where different priorities are simultaneously being pursued, including environmental
sustainability, farmer participation and (neo-liberal) economic reforms (Sumberg and Thompson,
2012). In this context, this thesis uses a social actor approach to study actors and their interactions
in an Innovation Systems perspective. These concepts invite us to approach the processes of
knowledge transfer, learning and dissemination in the promotion of CA with an openness for
complexity and non-linearity while taking traditionally neglected notions like emergence,

interactions and institutions seriously.



1.1 Introduction to CA
1.1.1 CA and agro-ecological principles

For centuries, agronomy was mainly concerned with the search for optimizing farming systems,
which traditionally was taken to be the search for achieving higher yields. Agronomy has been an
exercise that applied various soil and plant sciences to soil management and crop production
(Sumberg and Thompson, 2012). However, in recent decades it has broadened its informational and
methodological base (Doré et al., 2011). The contemporary field of agronomy can be more
holistically described as “the scientific and intellectual endeavour that seeks to understand and
affect the biological, ecological, physical, socio-cultural and economic bases of crop production
and land management” (Sumberg and Thompson, 2012). Note how this goes beyond soil and plant
sciences to include the ecological and socio-economic aspects of farming systems. Contemporary
agronomy is increasingly shaped by an ecological perspective on ecosystem functions that support

agriculture.

Doré¢ et al. (2011) describe in their review how agronomy is “inspired by natural ecosystems” and
how the importance of biological regulation in farming systems is increasing acknowledged. There
is increasing consensus on putting ecological intensification at the heart of agronomy. Ecological
intensification, sometimes referred to as agro-ecology or simply as sustainable intensification,
recognizes that farming systems are not only important for the sake of sustaining and improving
food production, but should do this in an environmentally sustainable way (Doré et al. 2011).
Moreover, agro-ecosystems and their biodiversity have to provide other ecosystem services,
including the recycling of nutrients, the regulation of microclimate and local hydrological
processes, suppression of undesirable organisms and detoxification of noxious chemicals (Altieri,
1999). Other important ecosystem services are processes of pollination, filtering water and
delivering energy such as hydro-energy or bio-fuels (Millennium Ecosystem Assessment, 2005).
Sustainable intensification, as it will be called here in a general way, is emerging as a major

priority for national and international policymakers.

The special rapporteur of the UN on the right to food, Olivier De Schutter (2010), addresses the
importance of agro-ecology for the realisation of the right to food. From this ‘right to food’
perspective De Schutter sees three general objectives of food systems. First, the global supply must
meet the rising global demand; second, agriculture must develop in ways that increase the incomes
of especially smallholder farmers, because they are the most deprived of the right to food; and
third, agriculture must not compromise its ability to satisfy future needs. De Schutter (2010)
identifies several ways in which agro-ecology contributes to these three objectives and thus to the
realisation of the right to food. Not only does agro-ecology raise the productivity at field level, but

it has potential to reduce rural poverty, to contribute to improving nutrition, and to support small-
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scale farming in the adaption to climate change. Therefore he identifies the scaling up of the
successful experiences with agro-ecology as the main challenge today with respect to the

realisation of the right to food.

Sustainable Crop Production Intensification (SCPI) has been accepted in 2010 as FAQ’s first
strategic objective (FAO, 2011). It is a broad agenda that reflects the hope for a win-win situation
in which the two challenges of feeding the world’s growing population and protecting the
environment can be met at once. In order to achieve that objective, FAO promotes an ecosystem
approach to agriculture. The ecosystem approach can be seen as one that endorses agro-ecological
principles. In its recent publication “Save and Grow” FAO refers to the ecosystem approach as a
new paradigm in which the ecosystem underpins the intensification of crop production.
“Essentially, the ecosystem approach uses inputs, such as land, water, seed and fertilizer, to
complement the natural processes that support plant growth, including pollination, natural
predation for pest control, and the action of soil biota that allows plants to access nutrients”
(FAO, 2011). Crop production based on an ecosystem approach sustains the health of farmland

already in use, and can regenerate land left in poor condition by past misuse (Tittonell, 2014).

The ecosystem approach to SCPI identifies three technical objectives for farming systems (FAO,

2011):

e Simultaneous achievement of increased agricultural productivity and enhancement of
natural capital and ecosystem services;

e Higher rates of efficiency in the use of key inputs, including water, nutrients, pesticides,
energy, land and labour;

e Use of managed and natural biodiversity to build system resilience to abiotic, biotic and

economic stresses.

Conservation Agriculture is based on three principles that can theoretically contribute to the three

objectives of the SCPI described above. These principles are:

1. Minimizing soil disturbance by minimizing mechanical tillage in order to maintain soil
organic matter, soil structure and overall soil health;

2. Enhancing and maintaining a protective organic cover on the soil surface, using crops,
cover crops or crop residues, in order to protect the soil surface, conserve water and
nutrients, promote soil biological activity and contribute to integrated weed and pest
management;

3. Cultivating a wider range of plant species- both annuals and perennials- in associations,
sequences and rotations that can include trees, shrubs, pastures and crops, in order to

enhance crop nutrition and improve system resilience against pests.



CA can be seen as a technology package that puts these three principles to use. According to the
specific contexts where it is applied, CA can take various forms. In SCPI, these principles are
ideally further supported by the implementation of other ‘good management’ practices such as the
use of suitable crop varieties and integrated soil fertility-, pest- and water management (FAO,
2011). However, in cases where practising CA requires the use of herbicides, it can be argued that

CA is not entirely relying on agro-ecological principles.

Because CA is so broadly defined, it can encompass activities such as zero tillage, ripping, sub-
soiling, tractor powered-, animal powered-, or manual direct planting, weed control with herbicides
and the digging of Zai pits or planting basins. In southern Africa, the most widely disseminated CA
practice is Conservation Farming (CF), which was developed by Brian Oldreive and combines
planting basins and mulching (Andersson and Giller, 2012). CF can sometimes be labour intensive,
while a CA system where crops are planted after spraying herbicides, as common in Kenya,
generally reduces the work load. Because the actual practices differ per situation, it is important to

define what is meant when talking about CA.
1.1.2 How CA ideally works

The idea of CA is that by integrating ecological processes into the farming system, the same (or
higher) production can be achieved with much more efficiency (Tittonell, 2014). Whereas
ploughed, bare soils are prone to water erosion, evaporation and extreme temperature fluctuations,
permanently covering soils enhances moisture conservation, reduces erosion and subdues the soil
temperature variations (Hobbs, Sayre and Gupta, 2008). This allows more micro-organisms to
survive in the soil, supporting vital biological processes. As the root structures of both crops and
cover crops remain intact, soil porosity is increased which, together with a mulch cover, improves

both water infiltration and water delivery to the roots (Thierfelder and Wall, 2009).

Instead of using chemical fertilizer, CA primarily taps on biological nitrogen fixation by cover
crops, which improves the soil fertility. The smart rotation of various crops can support the control
of weeds, pests and diseases (Bunch, 2014). An overview of the main agro-ecological functions of
the three CA principles is given in Table 1-1. The FAO summarizes that CA “aims to conserve,
improve and make more efficient use of natural resources through integrated management of
available soil, water and biological resources combined with external inputs. It contributes to
environmental conservation as well as to enhanced and sustained agricultural production. It can

also be referred to as resource efficient or resource effective agriculture” (FAO, 2014a).

Besides these agronomic advantages at field level, there are economic benefits at the farm level. If
ploughing is mechanized, fuel use and thus production costs go down drastically which has been

cited to be the most important reason for adoption of CA by Australian farmers (Kirkegaard et al.,



2013). If ploughing is done manually or with animal traction, labour and drudgery, and associated
costs, are reduced (Hobbs, Sayre and Gupta, 2008; Gowing and Palmer, 2008). In dryland
conditions, CA can increase the probability of having good harvests, thus reducing the risks of
investing in the farm (Pretty et al., 2006). In the face of climate change, where total rainfall
amounts are sometimes increased or decreased, or rainfall is likely to become more erratic, CA is
able to deal with both extremely high and extremely low rainfall, because the water is more
efficiently captured and stored (Jat, Wani and Sahrawat, 2012).

Table 1-1 Overview of agro-ecological functions of the three CA principles (Source: (adapted from
Kassam et al., 2009))

Contributing CA principle

Minimum Permanent Crop

Beneficial function of CA . . . .
tillage soil cover diversity

Reducing labour and fuel costs X

Minimize temperature fluctuations in soil

Increasing water infiltration/ reducing soil
erosion

Reducing evaporation from upper soil
Increasing soil biology activity
Improving water balance

Nutrient cycling

Increasing rate of biomass production

T S
T T o T T

Binding C and N into soils

T T

Controlling pests and diseases

The abundance of potential benefits does not mean that there are no problems associated with CA.
Giller et al. (2009) argue that concerns on initial yield decreases in the first years of adoption are
often observed with CA. Also, smallholder farmers in sub-Saharan Africa experience a lack of
sufficient biomass for effective mulching because of poor crop productivity and competing uses for
crop residues as fodder in crop-livestock systems. Although it seems obvious that stopping
ploughing reduces labour time and costs, smallholder farmers sometimes actually face an increase
in labour during weeding (Giller et al., 2009). Thus, trade-offs in the farming system are important
to consider, rather than focussing on the performance at field level alone. Moreover, because CA is
quite counterintuitive and knowledge intensive, it is difficult for smallholder farmers to realize the

potential benefits, especially in the short term (Mazvimavi and Twomlow, 2009).



A discussion of the agronomic functioning of CA almost naturally flows into a discussion of
advantages and disadvantages of CA for smallholder farmers; it is only a small step to the
discussion of their consequences at farm level in terms of labour, opportunity costs and returns.
These factors also seem to give clues as to why CA is sometimes adopted or not. However, as
section 1.3 will introduce, understanding adoption goes beyond understanding the agronomic
performance of a technology, or a calculation of its economic returns to a farmer. It is a complex
interaction of benefits and constraints at different levels, and trying to adopt CA often means
having to overcome social, biophysical, technical, financial, infrastructural and

institutional/political constraints (Friedrich and Kassam, 2009).
1.1.3  Global spread of CA

Estimating areas under CA is difficult for various reasons. Adopting only a part of the technology,
e.g. minimum tillage, does not equate to adopting CA. Observations at a single moment in time are
not conclusive to establish the adoption of all CA practices (particularly crop rotations) and
enquiring adoption through surveys gives the difficulty that although a farmer may practise CA,
they might do so only on a small portion of the land. Moreover, adoption studies often operate in an
‘artificial” project context where it is nearly impossible to determine instances of sustainable
adoption (Andersson and D’Souza, 2014). Therefore, the scientific literature often uses the area

under no-till as a proxy for the area under CA (e.g. Derpsch & Friedrich 2010).

The FAO is monitoring the adoption of CA. For this purpose, FAO defines minimum tillage as a
practice where “the disturbed area must be less than 15 cm wide or less than 25% of the cropped
area (whichever is lower)” (FAQO, 2014a). The organic soil cover is considered to comply with CA
if the soil is at least 30% covered. The third principle of crop rotations is not considered to classify
land under CA, but it is recorded if present. There is evidence of adoption in a wide variety of
countries, on all the continents in a variety of agro-ecological conditions. “CA is practiced by
farmers from the arctic circle (e.g. Finland) over the tropics (e.g. Kenya, Uganda), to about 50°
latitude South (e.g. Malvinas/ Falkland Islands); from sea level in several countries of the world to
3,000 m altitude (e.g. Bolivia, Colombia), from extremely dry conditions with 250 mm a year (e.g.
Morocco, Western Australia), to heavy rainfall areas with 2,000 mm a year (e.g. Brazil) or 3,000
mm a year (e.g. Chile). No-tillage is practised on all farm sizes from less than half a hectare (e.g.
China, Zambia) to thousands of hectares (e.g. Argentina, Brazil, Kazakhstan). It is practised on
soils that vary from 90% sand (e.g. Australia) to 80% clay (e.g. Brazil’s Oxisols and Alfisols)”
(Friedrich, Derpsch and Kassam, 2012).

An overview of the global adoption of CA based on estimates, however, reveals a clear pattern of
where CA is most favoured by farmers. Table 1-2 shows that the area under CA, both as percent of

world total area under CA and as percent of arable land, is high in the Americas and Australia and
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New Zealand. But in Asia, Europe and Africa the percentage of CA adoption remains low. This

thesis will continue to focus on understanding the (limited) adoption of CA in sub-Saharan Africa.

Table 1-2 Area under CA as proportion of arable land by continent (Area under CA: Friedrich,
Derpsch and Kassam (2012), total arable land: FAO (2012))

Area under Areaunder Total Arable Area under
Continent / region CA CA (% of arable land land (% of CA (%

(x 1000 ha) world total (x 1000 ha) world total) arable land)
South America 55464 44.4% 167815 12.0% 33.1%
North America 39981 32.0% 201026 14.4% 19.9%
Australia and New Zealand 17162 13.8% 47693 3.4% 36.0%
Asia 4723 3.8% 466924 33.4% 1.0%
Russia and Ukraine 5100 4.1% 152268 10.9% 3.3%
Europe 1352 1.1% 274749 19.7% 0.5%
Africa 1013 0.8% 237135 17.0% 0.4%
World total 124795 100.0% 1395894 100.0% 8.9%

1.2 Context of the study
1.2.1 The ABACO project

This research took place within the context of the ABACO project, which stands for ‘Agroecology-
Based Aggradation-Conservation Agriculture’. This project aimed at targeting innovations to
combat soil degradation and food insecurity in semi-arid Africa (Tittonell et al., 2012). The EU-
funded project, an initiative of eight institutes from Europe and Africa', was implemented in seven
sub-Saharan African countries including Madagascar and Kenya. The project built on the results
and conclusions of the CA2AFRICA project that was implemented from 2009 to 2012 and aimed at

analysing the impact and foreseeing the adoption of CA in Africa (European Commission, 2010).

The overall objective of the ABACO project was “to reduce the vulnerability of smallholder
farmers to climatic variability by building capacity through co-Innovation Platforms to design,
evaluate and implement targeted technological options for and mechanisms to promote adoption of
conservation agriculture based on agroecology principles, to combat land degradation and food
insecurity in semi-arid regions on Africa” (European Commission, 2010). Four specific objectives
were (1) to target CA to smallholder farmers by studying which principles of CA, and under which

conditions, contribute to the effects sought in terms of food production and land rehabilitation in

! Partners in the ABACO project included ACT-network (Kenya), CIRAD (France), NRI (UK) Wageningen
University (The Netherlands), CIRDES (Burkina Faso), FOFIFA (Madagascar), SOFESCA (Zimbabwe),
Yellow Window (Belgium) and EMBRAPA (Brazil).



the face of climatic variability; (2) to involve farmers, researchers, extension agents and NGOs in
co-Innovation Platforms to promote the adaptation/appropriation of technologies by local
communities; (3) to assess the social and economic viability and trade-offs of implementing CA at
farm and village scales, and across scenarios, to inform policies; (4) to promote dissemination of
targeted CA alternatives and approaches through divulgation, training and capacity development

(Tittonell et al., 2012).

The project worked mainly with organised farmer groups, and invested in their institutional
development to ensure sustainable co-Innovation Platforms, their expansion and dissemination; and
equal representation and capacity for participation and decision-making for women and men
(Tittonell et al., 2012). The approach to focus on location-specific co-Innovation Platforms was
considered important because of the complexity and knowledge-intensive nature of CA. It was
envisaged to include all the relevant stakeholders in the agricultural innovation system in iterative
technology development through action research which facilitates co-learning (Posthumus et al.,
2011). The starting points for such platforms were in many cases existing Farmer Field Schools

(Kenya) and Learning Centres, and sometimes new groups were created (Madagascar).

The research was carried out independently from the project activities. From the perspective of the
researcher, the connection with the ABACO project was limited to working with the FFSs that
were part of the project, and to make use of some of the logistical infrastructure. From the
perspective of the farmer however, I was often seen as part of the project, and therefore responses

to the questions were considered to be influenced by this perception.
1.2.2 CA in the study areas in Kenya and Madagascar

CA has been introduced to Laikipia County in Kenya through several projects starting in 1997,
mostly by means of extension, training and the establishment of Farmer Field Schools (FFS)
(Kaumbutho and Kienzle, 2007). The FFS members were introduced to CA in 2007-2008 during
the CA-SARD? research project. The ABACO project established demonstration plots with the FFS
members to experiment with, and evaluate, a number of different treatments based on the three CA
principles. Some farmers experiment with potatoes under CA, but the majority of farmers apply CA
to their maize crop. Mulch is mainly realised from crop residues and sometimes supplemented with
tree branches and grasses, while cover crops are realised with dolichos (Dolichos lablab), butter
beans (Phaseolus coccineus), cowpeas (Vigna unguiculata) and pigeon peas (Cajanus cajan). For
conventional land preparation mechanical or manual ploughing is done, while under CA most
farmers first slash the weeds manually, then do manual or animal-drawn ripping and direct

planting, and spray a Glyphosate-based herbicide (mostly Weedall) (Min. of Agr., 2013).

2 Conservation Agriculture Project- Sustainable Agriculture and Rural Development. Implemented in two
phases from 2004 to 2010, see section 4.4.2.



Conventional weeding is done with a fork jembe (which turns the soil) while many CA farmers do

‘shallow weeding’ with a panga or a specially designed shallow weeder.

In the Lake Alaotra region in Madagascar, the first field experiments on CA practices took place in
the early 1990’s, motivated by the performance of CA in tropical conditions in Brazil. From 1992,
the design of cropping systems has been led by a Malagasy NGO called TAFA, and assisted by
engineers from CIRAD (Naudin, 2012, p. 8). Between 2003 and 2013, there was a large project for
the ‘Mise en valeur et protection des Bassins Versants du Lac Alaotra’, or BV-Lac. This grew to an
initiative to promote sustainable and productive agricultural practices at the watershed level that
involved many research and extension institutes. The main technology promoted was CA, by the
local stakeholders referred to as Semis Direct sur Couverture Végétale Permanente (SCV).
Estimates of CA adoption in the Alaotra region range from 2000 ha in 2009, according to a GSDM?
brochure, to 1400 ha in 2010 (Rakotondramamanana, Husson and Enjalric, 2010), to 419 ha in
2010 (Penot et al. 2011). The latter research found that many farmers did not adopt CA sensu
stricto, but rather incorporated some improved management elements such as improved seeds, the

use of herbicides, or mulching.

The ABACO project activities in Madagascar were limited to two farmer groups of about 30
members each. These groups were trained by the project, and seeds were provided for a shared
experimental plot. The nature of the experiments was decided on by the group, while the outcomes
of the experiments were jointly monitored by the project and the farmers. Compared to Kenya, the
study area in Madagascar has a huge diversity in terms of both crops and cover crops, partly due to
the long ongoing research and the intrinsic diversity in types of fields and geomorphology.
Common CA rotations on the hillsides, locally called tanety, included maize in association with
cowpea (Vigna unguiculata) or rice bean (Vigna umbellata), dolichos (Dolichos lablab), crotalaria
(Crotalaria spp.), velvet beans (Mucuna pruriens) pigeon peas (Cajanus cajan) or vetch (Vicia
villosa). For aggradation of degraded hillside land, farmers sometimes planted several years of
stylosanthes (Stylosanthes guianensis) followed by upland (Asian) rice (Oryza sativa), or brachiaria
(Brachiaria brizantha or B. ruziziensis) in association with cassava. On the lower, more fertile
alluvial soils, locally called baiboho, farmers generally grow rice in season, and due to the shallow
water table they can grow an off-season crop, typically vegetables or a cover crop such as vetch
(Husson et al., 2013; Naudin, 2012). In CA, these rotations are planted without ploughing, which
requires controlling weeds and cover crops with herbicides or manually. Most farmers own and use
animal-drawn ploughs in their conventional farm systems; no mechanical implements exist for

direct planting for which farmers simply use the angady kely (small shovel).

3 GSDM: Group for Direct Planting in Madagascar, a network organisation of stakeholders involved in CA at
the national level.
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1.3 Understanding adoption processes

The adoption of CA is a topic that evokes many different arguments and exposes a multitude of
perspectives on farming, science and development. Most adoption studies seek to better understand
the driving factors for adoption, in order to increase the actual adoption rates of a technology that is
assumed to work. Indeed, the ‘mysterious non-adoption’ of technologies in SSA farming has
puzzled not a few researchers, and the adoption of technology in smallholder farming is sometimes
called ‘disappointing’ (e.g. Corbeels et al. 2013). The way adoption is being studied, that is its
methods and assumptions, reveals a lot about the researcher’s view of humanity, but also about the

pathways through which science is thought to make an impact.

As will be discussed in more detail in the literature review, the list of factors that potentially have
an influence on a persons’ choice to adopt a technology is practically endless. These factors include
bio-physical characteristics of the farm (such as agro-ecological zone, steepness of slopes, farming
system), characteristics of the technology to be adopted (such as its complexity, associated costs
and benefits), demographical characteristics (such as age, education level, wealth, ethnicity),
psychological and attitudinal characteristics (such as perception of degradation, innovativeness/
conservativeness, willingness to take risks), cultural characteristics (such as values, power
distributions), institutional characteristics (such as land tenure security, effectiveness of farmer
groups, functioning of markets), and finally other context-level factors (such as climate, climate
change, legislation, policies) (e.g. Prager & Posthumus 2010; Mazvimavi & Twomlow 2009;
Knowler & Bradshaw 2007).

Moreover, the adoption process is often depicted as consisting of a cognitive phase in which
perceptions play an important role, a normative level in which one makes a decision, and a conative
phase in which the effort and continued use are determined (Ervin and Ervin, 1982; De Graaff et
al., 2008). Considering that these phases are not necessarily followed in a linear way, and each
group of factors influences each phase and each other in unique and different ways, we get a good

taste of the bewildering complexity of the adoption literature.

To make sense of this complexity, researchers use simplified decision models which in turn will
also determine what kind of results are obtained. Therefore, when selecting a model for the study of
adoption, researchers rely on making pre-analytic decisions that will determine part of the outcome.
Giampietro (2003), cited by Roling et al. (2004), defines a pre-analytical choice as the "choice of
relevant goals, variables, and explanatory dynamics for the selection of an explanatory model".
Ervin and Ervin (1982) distinguish three paradigms that approach adoption as a result of certain
pre-analytic decision, as being a matter of respectively economic constraints, adopter perception or
innovation diffusion. For this thesis, our pre-analytical choices for a model to interpret the reasons

for adoption behaviour are guided by the capabilities approach. The capability approach attributes
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importance to the individual freedom to choose from the options that are open to a person, even
though it may be limited by circumstances and influenced by a social environment. This suggests
that we approach adoption as a mostly rational choice and have to avoid cultural, economic or

psychological determinism.

The adoption of CA by smallholder farmers is studied with the Reasoned Action Approach, which
aims at understanding social behaviour from intention. Intention in turn is traced back to three main
constructs that have been developed in social psychology: Attitude towards the behaviour;
perceived social norms about the behaviour; and perceived behavioural control over the behaviour.
Although this behaviour model relies on quantitative data, it is supported by qualitative methods

such as observation and informal interviews during the frequent field visits.
1.4 Agricultural innovation: CA as contested agronomy

As discussed earlier (section 1.1), the ‘new paradigm’ of sustainable intensification can be seen as
an emerging consensus within the subject matter of agronomy among an increasing number of
actors (Fowler and Rockstrom, 2001). This does not mean, however, that agronomy is a field of
consensus where all research gradually makes progress in one direction. Indeed, the apparent
consensus on sustainable intensification and the justification of CA principles can often mask the
fundamental debates that are going on. There are many different priorities, agenda’s and world
views that continuously challenge each other at different levels. Giller et al. (2009) questioned the
univocal promotion of CA for smallholders in sub-Saharan Africa, using slightly provocative
terminology to contrast CA ‘believers’ and ‘heretics’. This opened a discussion that was not only
about the agronomy of CA principles, but also about the politics of its promotion. Sumberg and
Thompson (2012) observe that CA is indeed an example of what they call ‘contested agronomy’.
Their analysis highlights that agronomy is not only changing in its subject matter, but also towards

a position of contestation among the actors concerned with agriculture and rural development.

Sumberg and Thompson (2012) argue that while the relation between agronomy and the state used
to be uncontroversial for the most part of the 20" century, the past four decades have seen three
important developments that have changed the context within which agronomy takes place. At least
until the mid-20" century agronomy operated largely as part of the state. Agronomic research took
place in state-led universities, ministries and research institutes, and thus it supported the economic,
political and social agendas of the state by generating knowledge and technology that was
considered useful. However, the unity of purpose between government policy and agronomic

research has been reduced since around 1970.

Sumberg and Thompson (2012) argue that as a response to the growing conviction in society that

state-led development was inefficient, environmentally damaging and undemocratic, three
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important developments have taken place. One is ‘the promotion of the neoliberal project’ which
refers to the wave of economic liberalisation and reform that spread the developing world in the
form of structural adjustment programmes. This was driven by the idea that markets are the most
efficient way of allocating resources and thus of achieving the greatest public good. Second, the
‘environmental agenda’ emerged after some parties started realising the ecological damage
associated with widespread use of chemicals, and intensive mono-culture farming, such as the loss
of biodiversity, problems of salinization, waterlogging and health problems effects. Third, the
‘participation agenda’ emerged from the conviction that science and state-led research rarely
benefited the poor, and thus required the empowerment of the poor, and approaches that put the

‘farmer first’, also in the design of agricultural research (Sumberg and Thompson, 2012).

These three general developments have changed the nature of agronomy in the past decades and
opened up new spaces of contestation over the goals and priorities for agricultural research, which
we also need to consider in order to make sense of the confusion and contradictions around the
promotion of CA. Andersson & Giller (2012) explore the history of research on CA and try to
understand the current drive to promote CA. They argue that there is a disconnection between the
agronomic knowledge base and the level of promotion in Zimbabwe, and that the current interest
for CA is not following in a logical manner from agronomic experimentation. Instead it is due to
the push from a new epistemic community. An epistemic community can be understood as a
network of professionals that share a set of norms, principles and a notion of validity of knowledge,
and who are responsible for aggregating and articulating knowledge and interests, and
disseminating those beliefs e.g. by identifying promising policies (Haas, 2001). In Zimbabwe, the
rise of an epistemic community of faith-based organisations, calling CA ‘farming God’s way’,
international research institutes, and policy organisations pushed the promotion of CA as a
successful, promising option for smallholder farmers (Andersson and Giller, 2012). This particular
example shows how religion, policy, development and science have become intertwined, and how

agronomy takes place in a particular political arena.

Because of the contested nature of CA, it is important to take into account the different
perspectives on the promotion of CA. The innovation and promotion efforts to make CA successful
in sub-Saharan Africa are made by social actors with different motivations, rationales and
assumptions, actors who belong to certain epistemic groups that frame CA in particular ways. This
thesis is cognisant of these political aspects of the promotion and adoption of CA and has therefore
adopted an Innovation Systems approach that can broadly be defined as “the interaction of
individuals and organisations possessing different types of knowledge within a particular social,
political, policy, economic, and institutional context” (Hall et al., 2007). Rather than finding
general definitions of CA, and trying to find one best-bet approach of its promotion, the AIS

perspective invites to analyse differences in perspectives, knowledge and actions between actors,
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and how their interactions are shaping the environment in which CA can become an option for

farmers.
1.5 Research objectives and - questions

The overall aim of this research is to better understand the composition of the agricultural
innovation systems in both countries and to understand what this implies for farmers’ capabilities
to engage in innovation processes, in particular in relation to the promotion of CA and the reasons
for (non-)adoption of CA in smallholder farming systems in Kenya and Madagascar. By combining
qualitative and quantitative research methods, this research aims at contributing to the literature on
the Agricultural Innovation Systems (AIS) approach by investigating stakeholders’ different views
on innovation and what this means for the promotion of CA. Furthermore, the study aims at gaining
insight in the adoption process by applying a social-psychological decision model, the Reasoned
Action Approach, to the adoption of CA. Finally, this study aims at making a contribution to the
thinking about priorities for agricultural development in sub-Saharan Africa at the conceptual level,
by exploring a capability approach to development that explicitly values freedom of opportunity for
farmers. The three research questions are introduced below. The sub-questions are presented in the

methodology chapter, in section 4.2.

1. How does innovation and dissemination of Conservation Agriculture take place in Kenya

and Madagascar?

The goal of this research question, which is addressed in Chapters 5 and 6, is to describe the
individuals and organisations involved in the promotion of CA, in terms of their objectives, actions
and interactions. The concept of innovation systems is used as a metaphor for this system of
interactions that together create capabilities for innovation, or form an obstacle to it. Because CA is
considered to be a knowledge-intensive technology, there is an emphasis on tracing back the

trajectories of knowledge, including its creation, modification, framing and use.
2. What influences smallholder farmers’ decisions for (non)adoption of CA?

The goal of this research question, which is addressed in Chapter 7, is to understand the decision
making concerning the (non-)adoption of CA in the regions of Laikipia, Kenya and Lake Alaotra,
Madagascar. On the basis of a literature review of adoption studies, and of a reflection on the
limitations of conventional adoption studies it was decided to use a socio-psychological decision

model, specifically the Reasoned Action Approach.

3. What opportunities for and limits of agricultural innovation emerge from the cases

studied in Kenya and Madagascar?
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This sub question is addressed in the general discussion, Chapter 8, and aims at coming to a
synthesis of the first two research questions by using the conceptual framework of the Capabilities
Approach, and the distinction between purposive and communicative rationality. The identified key
elements in the adoption process and the described dynamics in the agricultural innovation system
form the basis to understand some of the opportunities and limitations of the promotion of CA and

agricultural innovation processes in general.
1.6 Structure and summary of the thesis

The thesis consists of eight chapters: four introductory chapters (Chapters 1-4), three result
chapters (Chapter 5-7) and the final chapter (Chapter 8) where the findings of this study are

summarized and critically discussed.

Chapter 2 provides a literature review in two parts. In section 2.1-2.5, the literature about the
adoption of Conservation Agriculture is explored, identifying key issues and debates, and
highlighting some broader perspectives on adoption studies. In section 2.6-2.11, the literature about
the promotion of CA is explored, giving an account of different paradigms of agricultural
innovation, extension, with a particular focus on AIS thinking and the difference between
purposive and communicative rationality and action. Chapter 3 presents a conceptual framework,
where both innovation and adoption are put into perspective. Innovation is presented as a process
that potentially increases farmers’ ‘agricultural capabilities’, the basket of options open to farmers,
and adoption is presented as a choice from these capabilities into an actual practice. Chapter 3 also
gives some theoretical perspectives and justifies the choice of the Reasoned Action Approach as a
heuristic to conceptualize decision making. Chapter 4 gives an overview of the study areas in

Kenya and Madagascar, the sampling strategy for field work and the research methods used.

Chapter 5 is a the most descriptive of the result chapters, setting out to describe the agricultural
innovation systems for CA in both countries in terms of the main stakeholders and their
interactions. It also describes the extension methods used in CA projects and how stakeholders
view the innovation system. This provides a basis to draw analytical lines between the innovation
systems and innovation processes at the field level. Chapter 6 presents results on how stakeholders
see their own role in the innovation system, how they legitimise their involvement in CA and
through what narratives they ‘frame’ the importance of CA. It also gives an impression of the
diversity of stakeholders’ ‘Theories of Change’. Chapter 7 presents results that give insight into
the adoption process, including how many farmers intend and adopt CA practices. Following the
Reasoned Action Approach, intentions are further explored by examining attitudes, social norms

and perceived behavioural control, and the underlying beliefs.
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Finally, Chapter 8 summarizes the rationale of the study and the main results, and critically
discusses the findings. The question is raised to what extent the ‘promotion’ of CA in the
innovation systems addresses the adoption constraints experienced by farmers. Another question is
to what extent farmers’ capabilities are enhanced by CA projects, drawing on the capabilities
approach and the distinction between purposive and communicative rationality. The thesis ends

with outlining some implications of the findings for policy and future research.
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2 LITERATURE REVIEW

Adoption of Conservation Agriculture

2.1 Introduction to literature review

There is a long and diverse tradition of studying the uptake of technologies that improve production
of smallholder farmers and/or reduce negative environmental impacts. This broader field of science
is often referred to as ‘adoption studies’ and it has contributed substantially to understanding the
different factors that have an influence on the adoption decision, and the phases a farmer may go
through before actually implementing a production or conservation technology. These phases
include the acceptance of the practice, the decision to adopt, and the efforts put in the realization
and maintenance (De Graaff et al., 2008). Rogers (1983) has defined the adoption process as ‘‘the
mental process an individual passes from first hearing about an innovation to final adoption’’. The
study of adoption as an individual process can be distinguished from, and must not be confused
with, the study of how technologies spread in a certain area, i.e. the diffusion of innovations
(Rogers, 1983). Another meaning of the word adoption, the way it is often used in practice, is the
actual putting in practice of a technology in a measurable context. In Rogers’ quote above we
recognise it as ‘final adoption’, and I sometimes refer to it as the ‘actual adoption” which also refers
to the level or intensity of technology use. So we can distinguish between the ‘adoption process’
with a focus on the psychology of the farmer (or any other adopter), the diffusion of innovations
with a focus on the social processes that influence the spread of a technology at different scales,

and the ‘actual adoption’ with a focus on the technology and its consequences in practice.

Another definition that must be clarified is the object of adoption: is the ‘thing’ that is adopted an
innovation or a technology? In this thesis, Conservation Agriculture is not called an innovation, but
a technology, or indeed a technology package. Rogers’ research became famous as the diffusion of
innovations (Rogers, 1983). This suggests that the innovation is a ready-to-go product or
technology, and includes a notion of the product or technology being new to an area or application.
In that often encountered terminology, agricultural science can be seen as one of the developers of
‘innovations’ that then can be made ready for ‘adoption’ through a process of dissemination
resulting in ‘diffusion’. In this thesis, however, innovation is seen in a broader way, as a process
among stakeholders that results not only in new technology, but also in a renewed shared
understanding, a shared socially constructed reality (Roling, Kuiper and Janmaat, 1996). The nature

of agricultural innovation is discussed from section 2.6 onwards.

A systematic grouping of the different factors influencing adoption is pursued in the next section

(2.2) to get a grip on the complexity of factors influencing the technology adoption process in
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smallholder agriculture in general, and to explore whether it makes sense to aim for convergence
towards universal understanding of adoption, or rather to target the understanding of adoption to
particular cases. This is elaborated in section 2.3 that describes constraints to CA adoption in sub-
Saharan Africa. The limited diffusion of CA in sub-Saharan Africa is not a unique case; very often
there have been ‘promising’ agricultural technologies that were accompanied by ‘disappointing’
adoption (Erenstein, 1999). Therefore, some broader perspectives on adoption studies are explored
in terms of their logic and objectives, and some of their limitations (section 2.4). Finally, advances
in understanding the adoption process with social psychology are explored with a special attention

for the Reasoned Action Approach which features as a research method in this study (section 2.5).
2.2 Factors influencing adoption, an overview

The list of factors that potentially have an influence on a persons’ choice to adopt a technology is
practically endless. In their important review, Knowler and Bradshaw (2007) identified 167 distinct
variables used in 31 adoption studies, which they managed to narrow down to ‘only’ 46 variables
for the purpose of their synthesis. Such factors typically focus on field-level bio-physical factors,
farm-level socio-economic factors and context-level institutional factors. Based on a review of
several articles an overview was made of categories of factors, and specific factors (see Table 2-1).
This overview is drawing on literature about the adoption of CA and other soil and/or water
conservation practices in smallholder farming. The factors influencing adoption include bio-
physical characteristics of the farm, characteristics of the technology to be adopted, demographical
characteristics, psychological and attitudinal characteristics, cultural characteristics, institutional
characteristics, and finally other context-level factors (Knowler and Bradshaw, 2007; De Graaff et
al., 2008; Machado and Silva, 2001; Mazvimavi and Twomlow, 2009; Pretty et al., 2006; Gowing
and Palmer, 2008; Fowler and Rockstrom, 2001; Andersson and D’Souza, 2014; Prager and
Posthumus, 2010; Ervin and Ervin, 1982; Erenstein, 2003).

De Graaff et al. (2008) argue that adoption of a conservation practice is a process with an important
time dimension and different phases. They distinguish between an acceptance phase, an actual
adoption phase, and a continued use phase. These phases can be linked to, respectively, the
cognitive, the normative and the conative phases of adoption (Prager, 2002). Prager and Posthumus
(2010) note that personal, institutional and some environmental factors are more important at the
cognitive level; at the normative level the personal, institutional and economic factors are
dominant; and at the conative level the institutional and economic factors play the most significant

role in determining the intensity and continued use of adoption.
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Table 2-1 Overview of factors that influence adoption of conservation practices in smallholder farming
(Source: Knowler & Bradshaw 2007; De Graaff et al. 2008; Machado & Silva 2001; Mazvimavi &
Twomlow 2009; Pretty et al. 2006; Gowing & Palmer 2008; Fowler & Rockstrom 2001; Andersson &

Souza 2013; Prager & Posthumus 2010; Ervin & Ervin 1982; Erenstein 2003)

Factor category

Factors

Bio-physical factors

Economic factors

Demographic farmer

characteristics

Psychological and

experiential factors

Psychological factors

Agro-ecological zone, drought stress during growing season,
steepness of slopes, distance to homestead, total farmland area,

degradation status

Labour availability and costs, required investments, increased
harvest, reduced costs, complexity of technology, crop/livestock

farming system, trade-offs

Age, gender, household size, education level, wealth, ethnicity,

off-farm income, presence of head of household, experience

Attitude, mind-set, perceptions, innovativeness, willingness to

take risks, flexibility, self-identity, past experience,

Attitude, mind-set, perceptions, innovativeness, willingness to

take risks, flexibility, self-identity

Socio-cultural factors Social capital, values, power distributions, leadership, peer

pressure

Institutional factors Land tenure security, effectiveness of farmer groups, functioning
of markets, incentives, access to inputs, extension, project

approach

Context factors Climate (change), legislation, input/output markets, policies,

projects, infrastructure

Therefore, it is not sufficient to relate a factor directly with ‘adoption’ because it impacts adoption
differently in different stages. Similarly it is recognized that factors influencing adoption will have
different importance in the short term and the long term. Short-term economic benefits or long-
term soil fertility gains are a classic example of a trade-off in agricultural decision making
(Erenstein, 2003). The same differentiation can be made on the basis of different scales:
institutional and policy factors will have a dominant impact on adoption at the regional level, while

bio-physical factors may be more important at the field level, and at the farm level the economic
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factors together with household objectives are the most important factors that influence adoption
(Corbeels et al., 2013). The implications of the complexity of adoption studies are further discussed
in section 2.4, but first a more elaborated overview is given of the constraints to CA adoption

specific to sub-Saharan Africa.
2.3 CA adoption in SSA: constraints and opportunities

Why is the adoption of CA limited so far in Africa? One way of approaching the question is by
noting that African smallholder farmers generally operate under many constraints, and thereby
differ from e.g. typical large-scale farmers in Australia. CA seems to make good sense “in
extensive dry land cropping systems on erosion-prone, structurally-unstable soils, where input and
labour efficiency is paramount to maintain profits in export-focused, unsubsidized commodity
markets” (Kirkegaard et al., 2013). The question arises what the scope can be for CA in achieving
the food security and agricultural productivity objectives in the subsistence-oriented, less
mechanized systems of smallholder farmers in sub-Saharan Africa. Some authors are in a sense
pessimistic about the adoption prospects for CA in SSA. Kassam (2009) summarizes that “with
food security among their major objectives, many small-scale farmers are hesitant to invest scarce
labour, land, seed and fertilizer in cover crops that do not result in something to eat or to sell. They
also suffer from restricted access to relevant knowledge as well as to inputs or credit”. Indeed,
some argue that CA is not, or not yet, appropriate for farmers in such constraining environments
(Gowing and Palmer, 2008; Giller et al., 2009), or that even though it can work for smallholders in

some contexts, CA should not necessarily be the first priority (Baudron, Andersson, et al., 2012).

While the promotion of CA as a concept defined in terms of the three principles may be novel,
many of its associated techniques as minimum tillage, mulching, green manures and cover crops,
intercrops and crop rotations have been practiced, promoted and researched for many decades.
Gowing and Palmer (2008) observe that for the adoption of CA, there is a remarkable similarity
with the reasons for adoption or non-adoption of soil conservation practices. They conclude that
“widespread adoption of the new paradigm amongst millions of small farmers in order to achieve
the ‘doubly green revolution™ in SSA is subject to the familiar constraints of knowledge transfer

[...]” (Gowing and Palmer, 2008).

4 References to a new ‘green revolution’ in Africa, and the suggestion that various complex problems can and
should be tackled at the same time through double- or triple-win innovations (i.e. practices that
simultaneously contribute to sustainability and development objectives, including improving soil productivity
and fertility, climate change mitigation and adaptation, food security and rural development etc.) are also met
with criticism, see for example (see for example Naess et al., 2014; Brooks, 2014)
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2.3.1 Agronomic factors

Starting with the critical observers of the increasing Conservation Agriculture promotion in Africa,
we can see several hindrances to the adoption of CA by smallholder farmers in Africa. In their
review about the potential of CA as a sustainable agricultural practice for Africa, Gowing and
Palmer (2008) doubt massive future adoption by smallholder farmers. An important reason for
them is that although CA is promoted as a low-input system, which is an important precondition if
CA is to be adopted by poor smallholders, the evidence shows that it is more likely that CA is
adopted by relatively wealthier farmers who have access to fertilizers and herbicides. This is also
observed by Tripp (2006), when he concludes that “although many types of low external input
technology are able to make significant contributions to improving farm productivity and
conserving natural resources, there is no evidence that they are particularly suited to resource-poor
farmers”, and surprisingly, their patterns of adoption do not differ significantly from Green
Revolution technology. Wall (2014) also counters the idea that CA is a way of “growing more with
less”. Instead of being a low-input system, the benefits of CA lie in using the inputs more

efficiently than in conventionally tilled systems (Wall, 2014).

The need for inputs and resources has to do with one of the biggest obstacles to the adoption of
CA: the difficult weed control when no longer ploughing. Ploughing affects weeds by burying
seeds deep underground, and uprooting and cutting weeds, thus preventing massive infestation.
Moreover, in the absence of ploughing, perennial weeds become a big challenge (Chauhan, Singh
and Mahajan, 2012). If ploughing is to be replaced with manual weed control, CA is likely to
increase the work-load, in many cases particularly so for women (Giller et al., 2009). For the small
farmers who rely on manual family labour, CA can require more work, and if they adopt CA, the
area that can be cultivated is limited according to the available labour. On the other hand, if
herbicides can be used, smallholders can save labour from both the omission of tillage and the fast

and effective weed control using herbicides during the growing season (Hobbs, 2007).

Thus, the application of herbicides is likely to be linked to the adoption of CA. In Brazil, a 17%
increase in smallholder herbicide use was observed with systems of minimum tillage compared to
land that was cultivated in a conventional way (Bolliger et al., 2006). The increase of herbicide use
under CA is also noted by Rockstrom et al. (2009) who add that the purchase of herbicides can put
an unbearable pressure on resource-poor farm households in SSA who have no access to financial
support systems. This financial burden comes on top of the limited availability of affordable quality
products in local markets, and often limited knowledge to use them. Moreover, the higher organic
matter content and the presence of crop residues in zero-till systems can reduce the (soil-active)
herbicide activity (Chauhan, Singh and Mahajan, 2012). Each of these problems with weed control

is always ‘luring’ farmers back to the familiar plough that offers a certain and often cheap solution
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to the immediate problems arising from the new farming system. On the other hand, overcoming

the constraints to buying and using inputs can support the uptake of CA.

A possible alternative for herbicides in weed control is the use of green manure cover crops and
mulch for suppressing weeds, corresponding to CA’s second principle of permanent soil cover,.
Weed response to residue cover is different for each residue type, residue amount and weed
species. There are examples in literature where weeds are more abundant under a mulch cover,
presumably because they benefit from the improved water retention (e.g. Young & Cousens, 1999).
Although the effects of crop residue on the weed population are likely to be dynamic depending on
the rainfall and crops (Chauhan et al., 2012), generally the emergence of weeds declines in
response to increasing residue amounts (Mohler and Teasdale, 1993). The second and third
principle of CA are also promoted as ways of controlling weeds (IIRR and ACT, 2005). However,
it is a recognized problem that trials on experimental sites are not necessarily useful for the
farmers’ fields. Baudron, Andersson et al. (2012) note that most measurements of the effects of
mulch are done under controlled conditions. The trial fields are fenced and soils are well covered
with mulch, unlike farmers’ fields that are subject to a lack of biomass for soil cover, and where

free-grazing institutions make it often difficult to maintain the cover throughout the year.

Many authors have explored the trade-offs in the use of crop residues as mulch, fodder, fuel or
construction materials for smallholder farmers (e.g. Erenstein 2003; Giller et al. 2009; Naudin et al.
2014). Because of the economic and cultural value of livestock in many areas of SSA it is unlikely
that farmers can retain sufficient quantities of residues on their field as soil cover to obtain the
beneficial results of this aspect of CA. Three other challenges work together to make it difficult to
realize a good mulch cover in many areas of sub-Saharan Africa: First, biomass production is
limited on degraded soils with limited rainfall; second, the biomass is quickly decomposed by
termites and the high temperatures; and third, it is often not possible to keep the livestock from
grazing the fields, thus reducing the available biomass and compacting the soil. Chauhan (2012)
therefore concludes that in terms of weed control there is a need to integrate herbicide use with

residue retention to achieve season-long weed control in sub-Saharan Africa.

Besides weed control, mulch and cover crops have other important effects on the soil, such as
reducing water runoff and increasing infiltration (e.g. Thierfelder & Wall 2009). The resulting
increased soil water availability under CA has several benefits for the farming system. Naudin
(2010) concluded that the increased water availability due to mulch extended the flowering period
and increased the yield of cotton in semi-arid areas. Moreover, Baudron, Tittonell et al. (2012)
argue that in sub-humid and semi-arid areas that are characterized by frequent droughts and dry
spells, CA enables planting before the first effective rains, thus increasing the use efficiency of

limited rains, and thereby stabilizing yields (Haggblade and Tembo, 2003; Erenstein, 2003).
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2.3.2 Gender and CA

An underrepresented topic in CA literature is how gender affects the functioning and adoption of
CA. Although women play a key role in agriculture worldwide, especially on smallholder farms in
SSA, cropping and farming system research and development have paid little attention to gender
issues so far (Beuchelt and Badstue, 2013). And despite the promotion of CA in developing
countries for more than 20 years, there is a lack in understanding of how returns of CA are different
to male and female labour and the land owned or managed by each (Baudron et al., 2007). Giller
(2009) noted that the changing labour requirements in CA shift from tasks normally performed by
men, such as ox-drawn or hand ploughing, to tasks that are mainly performed by women, such as
manual weeding. “Without a reallocation of the gender-division of these roles in agricultural
production this may lead to an unacceptable increase in the burden of labour on women” (Giller et
al., 2009, p. 27). Baudron et al. (2007) observed the same, but argue that spreading demand for
labour could also allow households, especially women and children, to carry out lighter tasks and

diversify their activities.

Beuchelt and Badsteu (2013) cite an example of promotion of intercropping in Zambia.
Traditionally, maize is controlled by men, especially the high-yielding varieties, whereas beans are
considered to be women’s crops. The promotion of intercropping resulted in women being reluctant
to adopt, because they feared it would affect their entitlements to the beans. Also, if the men would
gain entitlements over the beans, women feared the men would sell it for income instead of for
household consumption. They thus resisted adoption of an yield-increasing technology for the sake

of food and nutrition security (Beuchelt and Badstue, 2013).

These observations remind us of the limits of the household as unit of research, as intra-household
relations are likely to be changed by the introduction of new agricultural technologies due to new
patterns of labour, resource and land allocation between men and women. It is not possible to
predict these influences in advance, nor is it possible to say who will benefit or lose from adoption
(Beuchelt and Badstue, 2013). But it is clear that the two main advantages of CA — yield increases
and labour savings are not always equally shared by all farm household members, and adoption is

influenced by the intended and unintended impacts of the technology, also at the individual level.
2.3.3 Institutional factors

Institutional factors can be a major constraint to sustainable adoption of CA in Africa. Gowing &
Palmer (2008) observed that “it is clear that the key to the widespread adoption of CA in Brazil has
been the success of ‘innovation networks’ and in particular the presence of agrochemical
companies as agents with sufficient coverage and resources to promote developed technologies.”

Despite disagreeing with the previous authors on other points, Mazvimavi and Twomlow (2009)
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agree that the private sector will need to actively participate in the provision of necessary
agricultural inputs to support the uptake of CA in Africa. At the same time, they conclude that
active support by both NGOs and government change agents through the supply of seed, fertilizer,

and training increased the likelihood of CA adoption (Mazvimavi and Twomlow, 2009).

Although projects and donor-funded programs are significantly influencing adoption in the short
term, the projects acknowledge the importance of the private sector for the sake of sustainability.
Indeed, if sustainability is to be achieved, the temporary project-based assistance programs should
be gradually replaced by properly functioning markets (Andersson and D’Souza, 2014). Many CA
systems are based on the use of exogenous varieties of which the seeds are not readily accessible
for farmers, just like the fertilizers and herbicides. Market institutions are equally important to
‘pull’ CA adoption through output markets. The potential economic returns of planting a cover

crop, for example, highly depend on the legume markets (Enyong, Debrah and Bationo, 1999).
2.3.4 Profitability of CA

Several studies found that factors such as the profitability of the conservation measures for the farm
household are linked to adoption (De Graaff et al., 2008). De Graaff et al (2008) conclude that “if
farmers have a prospect of gaining long-term financial benefits (e.g. increased production, reduced
labour input, higher off-farm income, etc.) they will be more motivated to actually adopt, maintain
and replicate soil and water conservation measures”. Gross margin analyses that are done with and
by farmers, comparing before and after the adoption of CA, are usually very positive. For example,
a livelihoods study with the ABACO project in Kenya found a case where the gross margins for
growing maize went from a loss of 11590 KSh in conventional farming to a profit of 2780 KSh
with CA. Another farmer went from a Gross Margin of 11000 KSh to 21700 KSh (Pound, 2014). In
this calculation labour is assumed to have a value of 200 or 250 KSh per man-day which is used for
planting, weeding and harvesting. However, if family labour is used in the labour intensive
conventional system, this money need not actually be spent (Baudron, Andersson, et al., 2012). But
for the sake of comparing, the message is clear that not only net margins, but also returns to labour
are increased. Economic analyses have shown higher returns under (partial) CA adoption in
Southern Africa, both in dry and wet years (Mazvimavi and Twomlow, 2009). And: “the
significant yield gains realized from adopting Conservation Farming practices also offset the
production costs associated with the technology. This improves viability and provides an incentive
for CF adoption by smallholder farmers in Zimbabwe and potentially elsewhere in
SSA”(Mazvimavi and Twomlow, 2009). The profitability has been reported to come partly from

yield increases and from reduced costs (Erenstein, 2003).

Pannel et al. (2013) applied an economic modelling approach to understand the apparent disparity

between reported potential income gains with CA and the limited adoption. They conclude that the
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potential economic gains from switching to CA are not large, and are primarily realised on larger,
better resourced farms (i.e. farms more abundant in key resources such as labour and capital). They
also conclude that switching to the full CA package sometimes results in economic losses,
especially on smaller farms. This is due to the fact that Pannel et al. define the economics of CA
broadly, thus not only including profitability but also constraints on resources and risk and
uncertainty. Andersson and D’Souza (2013) argue that household economic analyses of CA
adoption have some weaknesses. First, the commonly used argument in the CA literature is that
higher yields and production can be used to offset higher costs. However, besides the returns, the
costs also increase when switching to CA. New tools, such as rippers and sprayers, additional
fertilizer and herbicides may be required (Kaumbutho and Kienzle, 2007). Mobilizing cash for
farm inputs at the beginning at the season is already a challenge for many smallholder farmers, so
increasing them by practicing CA is problematic. Second, in many situations it is more likely that
increased crop production will be used to relieve seasonal hunger of food insecure households,
rather than being sold and becoming available for higher investments in agriculture (Andersson and

D’Souza, 2014).
2.4 Broader perspectives on adoption studies

2.4.1 Inconclusive, contradictory evidence of ‘factors influencing adoption’

Overviews like Table 2-1 can give a misleading sense of science’s capability to understand
adoption. Knowler and Bradshaw (2007) concluded that “the aggregated analysis of the 31 distinct
analyses of conservation agriculture adoption reveals few if any universally significant independent
variables. While some regularly assessed variables such as ‘education’ and ‘farm size’ seem to
show convergence towards a significant and positive influence, there were incidences of
insignificance across all studies [...]” (Knowler and Bradshaw, 2007). They note that it appears
that “with increasing investigation of individual variables thought to influence adoption, their

causal impact only becomes less certain”.

Similar conclusions can be found in other research traditions. The behavioural approach, for
example, relies largely on attitudes to explain adoption. Wicker (1969, p.75) reviewed all
accessible literature in the behavioural approach tradition and was confronted with an abundance of
contradictory evidence. He concluded that ‘‘the present review provides little evidence to support
the postulated existence of stable, underlying attitudes within the individual which influence both

his verbal expressions and his actions’” (Wicker, 1969; Burton, 2004).

The question arises why the abundance of factors that influence adoption, and the insight into the
phases of adoption does not go hand in hand with better prediction and understanding of adoption

patterns. Why is actual adoption often called surprisingly low? Indeed, Knowler and Bradshaw’s
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inference is that “the absence of any clear universally significant factors affecting conservation
agriculture adoption, and especially the sometimes contradictory results observed across analyses,
makes [... the] task of developing policies to promote globally the adoption of conservation
agriculture particularly challenging”. They argue that future research should aim at finding key
variables in farmers’ decision to adopt particular conservation agriculture technologies in particular
regions that are meaningful for local management rather than for universal understanding (Knowler

and Bradshaw, 2007, p. 45).

In their review paper on CA and smallholder farming in Africa, Giller et al. (2009) questioned
whether CA should be so widely promoted for smallholder farmers in Sub-Saharan Africa (SSA).
The main concluding argument was that CA systems probably do not fit within the majority of
current smallholder farming systems in SSA. They argued that CA can offer substantial benefits for
certain farmers in certain locations at certain times, recognizing the wide diversity of farmers in
terms of resource endowments and farming systems. Therefore, the challenge for research is to
identify where and how particular CA practices may best fit, and which farmers in any given
community are likely to benefit the most (Giller et al., 2011). This is what I refer to as ‘targeting’,

which will be explored as an approach to innovation in section 2.11.
2.4.2 Justification of adoption studies

In many ways, the seminal work of Ervin & Ervin (1982) about factors affecting the use of soil
conservation practices contains the blueprint for many adoption studies that followed. The paper
starts with noting that “not since the Dust Bowl era of the 1930s has there been such widespread
interest in soil erosion and ways to control it "(Ervin and Ervin, 1982). The ‘Dust Bowl era’ refers
to the huge wind erosion events that occurred in the United States as a result of a persistent and
severe drought together with farming practices that lacked proper erosion control. This
environmental degradation went hand in hand with significant economic costs. The ‘widespread
interest in soil erosion and ways to control it’ refers not least to the political dimension: It became a
priority in US Congress to reduce the vulnerability of the agricultural lands to erosion, and the
Department of Agriculture started programs to promote soil conservation practices among farmers.
Although the adoption of conservation practices happens largely on a voluntary basis, the US

government tries to influence it with adequately stimulating policy.

When reviewing the adoption literature, it appears that most adoption studies of conservation
practices similarly justify themselves by elaborating on the problems of land degradation, e.g. soil
and water conservation measures to stop land degradation (De Graaff et al., 2008). They also
position themselves in this policy context by noting that “the results [of the research] should prove
useful for designing conservation policy and programs” (Ervin and Ervin, 1982). A pattern can be

recognized in which there is a known problem, which draws public policy attention, to which a

26



known technology is thought to offer the solution. Increased understanding of the adoption process
can enhance the programs that lead to higher adoption rates of this technology and thus help to
reduce the problem. In that way, adoption studies often deploy an instrumental reasoning, where
either implicitly or explicitly a largely linear process is presumed in which the adoption study
functions as the feedback channel. Adoption studies, by their nature, seem to be part of an
instrumental rationality, in which the found ‘determinants’ can be included in improved and more
effective policy or projects. In section 2.9.2 the distinction between instrumental and
communicative rationality in the promotion of agricultural practices like CA in agricultural

innovation systems is further explored.

Looking at the justification of CA promotion in projects and proposals, and to a lesser extent
research literature, two subtly different approaches can be distinguished. CA is sometimes justified
by the ‘negative motivation’ of apparent degradation and unsustainability, e.g. CA to combat soil
degradation and food insecurity (Tittonell et al., 2012). However, an interest in CA is also often
justified in terms of their positive opposites like ‘aggradation’ (e.g. European Commission 2010),
sustainability and food security (e.g Hobbs 2007) and climate-resilient agriculture (e.g Milder et al.
2011). Another observation is therefore that the adoption of technology is generally not just valued
for its own sake, but is justified as a means to prevent further negative developments or as a means
to contribute to positively formulated ends. The justification of adoption studies is closely related
to the justification of policy and project interventions, especially in the narratives and ‘framing’ of

a problematic. This is further discussed in section 6.4.
2.4.3 Disappointing adoption

A good part of the recent research literature on Conservation Agriculture have framed their
research using a recurring narrative, e.g. “Conservation Agriculture is increasingly seen as a
promising farming system to achieve sustainable agricultural intensification. However, adoption by
small-holders in Sub Saharan Africa is limited so far” (Corbeels et al., 2013). It has become a well-
known chorus that can be heard in offices of the FAO, at Farmer Field Schools and not least in
research institutes. This typical introductory sentence does two things. Firstly, it delineates a
technical, agronomic problem of how to achieve sustainable agricultural intensification, and
suggests that the solution might very well be found in CA. Secondly, it delineates another problem:
the situation of mysterious non-adoption of CA. Although it seems to be an unambiguous
statement, it can be explained in two different directions that have consequences for the kind of

problem we are dealing with.

These two directions present themselves when we ask ourselves who it is that sees CA as such a
promising farming system, and the answer will determine the kind of problem that we have at hand.

If it is the smallholder farmers that see CA as a promising option, and their adoption is limited, we
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have to proceed with identifying why smallholder farmers are unable to realize the farming system
that they already want. There is no need to convince farmers of a potential benefit of pursuing CA
because they already see it as a promising alternative farming system. A big challenge remains,
because there are the constraints at field level to deal with, and in SSA these constraints are big.
The challenge is how to make the smallholder farmers more ‘able’ to adopt CA, which includes

assisting in specific know-how and knowledge support systems.

However, if it is not the smallholder farmers who consider CA as promising solution, but the policy
makers at local, national and regional level, the challenge takes a different turn. In this case the first
step will be to convince the smallholder farmers of CA as a beneficial alternative to their current
practice. From the policy point of view, the challenge is how to make smallholder farmers more
‘willing’ to adopt CA, which is an issue of communicating the necessity, convincing of the benefits
and educating for a changing perception. If this is the case, and I will argue that it is largely so, it
does not mean that the first challenge disappears. The second ‘willingness challenge’ simply adds

to the ‘ability challenge’.

A conclusion at this point is that for actors who want to promote CA it is not enough to stand on
the scientific basis of the ‘promises’ of CA on the assumption that farmers share their perspective.
Different perspectives exist, and in many cases the first challenge is to overcome a different
starting point through a form of interaction in which mutual understanding is increased. If farmers
come to share a supportive perspective on the technology, the sustainable actual adoption will
depend on their ability, not only in terms of knowledge and know-how, but also from new links

with e.g. input and output markets, i.e. institutional factors.
2.4.4 How ‘factors’ influence adoption

Adoption studies usually hypothesize a number of independent variables that may influence the
farmer’s decision to adopt a certain technology. This is then examined through econometric
analysis. This, however, does not necessarily increase our understanding of sow these factors are
exercising their influence. It can even be argued that a reliance on standard survey instruments
using variables such as age, sex, education level, household size, farm implement ownership,
causes our understanding of CA adoption by smallholder farmers to be limited (Andersson and
D’Souza, 2014). A closer look reveals that the hypothesized influence found through correlation is
not one of causation, but its relation with actual adoption is explained with a general narrative that
gives some hints as to which underlying mechanism are responsible for this influence. Below, the

often used factors ‘age’ and ‘wealth’ are discussed.

The ‘age’ variable is often included in the analysis with the narrative that “the elderly people tend

to be conservative about their way of life unlike the young who are dynamic in their worldview”
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(Muroki, n.d.). Moreover, it is suggested that younger farmers may have longer planning horizons
and therefore may be more likely to invest in conservation (Lapar, 1999). On the other hand, longer
farming experience as equated with older farmers is expected to have a positive effect on adoption.
This leads Lapar to observe that “the net effect [of age] on adoption, therefore, could not be
determined a priori” (Lapar, 1999). But on what basis could it be established a posteriori? Is it a
matter of deploying one of the explanatory rationales, depending on whether the found relationship
is positive or negative? In all narratives of the influence of age in the examples above, it is not age
itself that has an influence on adoption. Instead, age is taken as a proxy for conservativeness,

dynamism, length of planning horizon and farming experience respectively.

Another problem which, I would argue, is intrinsically related to standard household survey
questions is the imperatives that follow from the results. For example, Somda et al. (2002) found
that higher age is negatively related to adoption of composting technology. They conclude that “the
negative impact of the farmer’s age raises the problem of which category of farmers should be
involved in the development of such a technology” (Somda et al., 2002). With higher adoption of
the technology being the implicit objective, promotion of the technology should focus on younger
people who are “likely to be prone to innovation”. In this way, the elderly people are subordinated
to the success of the technology. This perspective also assumes both elderly people and the
technology to be largely static, unchanging, unadaptable entities. If, however, the promotion of the
technology in the first place has to do with general livelihoods objectives such as reducing soil
degradation and improving food security, it may be more appropriate to search for ways in which

the technology can be adapted to the people instead of the other way round.

Similarly, the ‘wealth’ variable is often seen as an important factor to influence adoption of CA or
other technologies on smallholder farms. Knowler and Bradshaw (2007) observe that in support of
this view, a majority of analyses (not all) that investigated the impact of income, gross income and
farm profitability on adoption revealed a positive correlation (e.g. Somda et al., 2002). The source
of income is also important, as off-farm income has two contrasting explanatory narratives. One is
that having off-farm income increases the possibilities to invest on the farm, thus favouring
adoption of technologies. On the other hand, having alternative income sources could diminish the
priority of agriculture within the household, thereby reducing interest in especially conservation
(Fernandez-Cornejo, 2007). So with increasing off-farm income, a motive to invest in new

(conservation) technology may disappear, while the possibility gradually appears.

Andersson and D’Souza (2013) discuss how the influence of cattle, taken to be an indicator of
wealth, appears to be contradictory for the adoption of zero-tillage in southern Africa. A significant
positive relationship between cattle ownership and adoption and use of zero-tillage was found in

northern Zimbabwe. They quote Chiputwa et al. (2011) who postulate that having cattle not only
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relates to the ability to invest, but also that “the bigger the herd, the more the labour and capital
requirements for management purposes and hence the need to explore labour saving technologies
(e.g. zero-tillage)”. Alternatively, one could argue that given the importance of oxen in some
farming systems for animal-drawn ploughing, it would be expected that owning oxen negatively

influences adoption of minimum-tillage.

For adoption of CA in Zambia, the relationship with cattle ownership was found to be negative.
Arslan et al. (2013) studied adoption of Conservation Farming (CF) in Zambia with several wealth
indicators, and found that better-off households are more likely to adopt, but households with more
oxen are significantly less likely to adopt CF. This leads Andersson and D’Souza to observe that
“while the use of more specific indicators thus produces more clues as to the relevant
characteristics of CA adopters, the actual mechanisms (or resource allocation strategies) leading
households with more oxen to adopt or not adopt CA remain opaque” (Andersson and D’Souza,

2014).

Other dimensions can be added to explain the influence of wealth and cattle, as wealth also has to
do with economic stratum. Previous studies found that people with higher status tend to invest
quicker in soil and water conservation (SWC) practices because they can take risks associated with
adoption of new practices (e.g. Kessler 2006). Also, in a project context, farmers are rarely asked to
pay for the training or seeds of new varieties that come with the introduction of a new technology.
On the contrary, farmers sometimes receive allowances to attend meetings. Besides the problem of
measuring adoption in such a context, this can serve as an explanatory narrative for finding no
significant statistical relationship between income levels and farmers’ decisions to adopt new crops
(Muroki, n.d.). It can be noted that wealth is therefore a very broad category that is taken as a proxy
for ability to invest, status, attachment to the farm, and more. This suggests that the influence of
wealth is mediated by more than one factor. There are indeed narratives to explain a positive,

negative or no statistical relationship.

This shows that if the underlying mechanisms of found relationships remain opaque, and the ‘black
box’ between the correlating dependent and independent variables is filled with an intuitive
narrative, the conclusion is neither very useful for improved policy, nor does it increase the
understanding of the complex functioning of diverse smallholder farming households, their

resource allocation strategies, and labour relations (Andersson and D’Souza, 2014).
2.4.5 CA adoption: Push or pull?

On the first Africa Congress on Conservation Agriculture held in March 2014 in Lusaka, one of the
recurring questions that participants asked themselves was: If CA is such a good and promising

practice, why is it not spreading like a wildfire through Africa? Friedrich and Kassam (2009) asked

30



this question, and start by noting that “the simple answer is that the answer is not that simple.” In
their paper about the constraints and opportunities to adoption of CA, several challenges to farming
systems are identified as the so-called ‘opportunities to the adoption of CA’. These “actual

opportunities which are facilitating change” (Friedrich and Kassam, 2009) are:

1. Crisis and emergencies, such as the soaring food prices, which makes people more
receptive to opportunities for change.

2. Increasing environmental concerns and pressures regarding the sustainability of production
processes and the natural resource base, which is increasingly putting agriculture under
pressure.

3. Rising input and energy costs, calling for improved input use efficiency and productivity.

4. Challenges of climate change for which CA holds promising adaptation and mitigation

options.

Friedrich and Kassam (2009) call these opportunities, because they argue that when the risks to the
existence of a farming system are bigger than the risks of changing the farming system, farmers
will try a new practice like CA. Their reasoning seems to be that before a farmer is convinced to
change her practice, there must be problems with the old practices, which ‘pushes’ her to explore
new avenues. This interpretation of ‘opportunities’, where the constraints of one technology are the
opportunities of the other, is true in the sense that there must be a reason for a farmer to change her
practices. They interpret the success of CA in Brazil in the same way: “Only in very few occasions,
as was the case with the southern parts of Brazil in the 1970s, the problems with conventional
tillage-based farming practices become so severe that spontaneous adoption occurs despite these
constraints. In that case, it was the uncontrollable water erosion combined with extremely poor

profit margins for farmers” (Friedrich and Kassam, 2009, p. 2).

We can contrast this ‘constraints push’ towards CA adoption with the ‘agronomic pull’ of field-
level and farming system level advantages. With the ‘agronomic pull’, emphasis is given to
beneficial agronomic and economic impacts of CA that can convince farmers towards adoption,
such as better yields, saving inputs, timely planting. It is therefore opportunity driven. On the other
hand, the ‘constraints push’ feeds from the awareness that something is wrong, that there is a need
to change, such as instances of persistent land degradation and declining fertility or food insecurity.
It is therefore driven by necessity. Although they appear to be two sides of the same coin, they
represent different influences in the force field of the adoption process. Also, it reminds us again
that the adoption of CA is not the final objective, but a means towards objectives such as
sustainability and productivity in smallholder farming. If CA adoption were a goal in itself, one
could only hope for dramatic climate change, rising energy costs and environmental hazards, as it

would push farmers to change their practices.
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2.5 Reasoned Action Approach and adoption studies

As further explained and justified in the conceptual framework chapter 3.5, the Reasoned Action
Approach (RAA) was selected as a model for understanding adoption of CA. In this section, the
main components of the RAA are discussed, as well as critiques that have emerged in the scientific
literature. Additionally, some applications of RAA to conservation behaviour and technology

adoption are discussed.
2.5.1 About the RAA

The Reasoned Action Approach (Figure 2-1) is the latest version of an attitude-behaviour model in
social-psychology that developed from the Theory of Planned Behaviour (TPB) which in turn
developed from the Theory of Reasoned Action (TRA) (Ajzen, 2005; Fishbein and Ajzen, 2010).
According to the TRA, engaging in an action depends on having the intention to do it, which, in
turn, depends on the attitude towards the action and the perceived social norms. An explicit
assumption within the TRA was that people have complete volitional control, which is difficult to
maintain. This led to the introduction of an additional construct in the TPB with a hypothesized
influence on both intention and behaviour: perceived behavioural control (PBC). PBC is seen as a
factor that influences intentions alongside attitudes and social norms (Ajzen, 2012), while actual
behavioural control (ABC) accounts for the extent to which people are able to act on their
intentions. By including the actual control in the model, it has been argued that TPB models link
complete volition theories (reasoned action) and constrained volition theories (derived demand)
(Lynne et al., 1995). The RAA can be seen as a refined version of the TPB, using the same
structure but building on theoretical and methodological advances in social-psychological

understanding of the approach’s components (Fishbein and Ajzen, 2010).

Attitude has been described as “the primary building stone in the edifice of social psychology”
(Allport 1954; in Wicker 1969, p.41) following the assumption that attitudes, being evaluative
predispositions, have consequences for the way people act. As such, attitudes have been
extensively studied. In the RAA, the attitude towards a behaviour is assumed to follow from
behavioural beliefs. These beliefs can be defined as “a person’s subjective probability that
performing a certain behaviour will produce a particular outcome, and the subjective evaluation of
that outcome” (Ajzen, 2012). These two components together, the expected outcome and the value
attached to the outcome, are known as the expectancy-value model of attitude. Attitudes towards an
object are assumed to be formed automatically and inevitably as new beliefs are formed about the

object.

32



4 )
Background factors

Individual: Past
behaviour, Perceived
risks, Personality.

Social: Education, Social beliefs Social Norms
Gender, Culture.

Outcome beliefs Attitude

Actual
Behavioural
Control

Behaviour

Information:
Knowled%f/:f 1&1_tervent10n, Perceived
EeiE Control beliefs Behavioural
\_ J Control

Figure 2-1 Simplified model of the Reasoned Action Approach. (Source: Fishbein and Ajzen, 2010)

So, despite the words ‘rational’ and ‘planned’ in the respective approaches, the RAA does not
claim that people form attitudes in a rational manner by objectively assessing their set of beliefs
towards a specific action, and deliberating at length before engaging in any behaviour. These
beliefs may well be biased, inaccurate or even irrational. The meaning of the reasoned action lies in
the assumption that attitudes reasonably and consistently follow from beliefs, sometimes through
careful deliberation but most often in an automatic and spontaneous manner (Fishbein and Ajzen,

2010, p. 24).

Social norms are important, as people are strongly influenced by the opinions and behaviours of
others. The hypothesis that peer pressure influences the intention to engage in a particular
behaviour features in the TRA and TPB as the construct ‘subjective norm’, and in the RAA as
‘perceived norm’ (RAA). Again, the perceived norm is assumed to follow from normative belief,
that is, a belief that a particular referent other wants us to perform a given behaviour (Ajzen, 2012).
Norms are thus defined in a narrow sense, as being related to a specific behaviour (Fishbein and
Ajzen, 2010, p. 130). Fishbein and Ajzen (2010) go beyond the previous definition of ‘subjective’
norm by distinguishing between 1) the perception of what ought to be done with respect to a
specific behaviour, that is the injunctive norm; and 2) the perception that others are actually
performing the behaviour, that is the descriptive norm. Analogous to the expectancy-value model
of attitude toward behaviour, the perceived injunctive norm is determined by both the strength of
the normative belief and the motivation to comply. The descriptive norms can influence intention
directly, as people often copy others’ behaviour, but it can also influence the intention indirectly in
several ways. It can do so by giving clues to whether the behaviour is rewarded or punished by
others, thus informing the injunctive norm. Also, it can affect attitudes by observing positive or

negative outcomes from others performing the behaviour. Finally it can influence the perceived
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behavioural control, as observing others gives clues to the practical barriers that need to be

overcome when adopting a behaviour (Fishbein and Ajzen, 2010).

The perceived behavioural control (PBC) is the third construct that is hypothesized to have an
influence on intention to engage in a specific action. PBC stands for the individual’s perception of
the extent to which the performance of the behaviour is easy or difficult (Ajzen, 1991). It is a
measure of Bandura’s (1982) concept of self-efficacy (Conner and Armitage, 1998), and can also
be found in literature as self-directedness, choice, decision freedom, agency, mastery, autonomy or
self-determination (Rodin, 1990). Control can be seen as a continuum ranging from easily executed
behaviours to behavioural goals demanding resources, opportunities, and specialized skills. The
assumption is that people are more likely to engage in easy behaviours of which they are confident
that they can carry them out, and they are prevented from carrying out behaviours over which they
have no control. The concept locus of control is also relevant as it draws attention to both internal
and external factors that play a role in control (Rotter, 1966). Having an internal locus of control
means that engaging in the behaviour is thought to be mostly up to the person itself, while having
an external locus of control means that a person considers other factors such as fate, powerful
others, etc., to determine their control. So in the most general sense, PBC is linked to the perception
of the behaviour being ‘up to me’ and being ‘easy’ (Fishbein and Ajzen, 2010). The actual
behavioural control refers to the personal capacities, skills, knowledge, emotions and other internal
factors that enables someone to act upon their intention. It also refers to the extent that they can
overcome external obstacles in their environment. If the behavioural control is high, the intention
alone should be enough to predict behaviour, while if the behavioural control is low, intention and

control jointly affect the behaviour in consideration (Ajzen, 2012).
2.5.2 RAA and adoption

RAA (or TPB) models are generally used to understand a range of general human behaviours such
as pro-environmental behaviours (as opposed to specific practices). Examples are Taylor and Todd
(1995) who looked at recycling and composting, and Harland et al. (1999) who looked at reducing
energy use. There are many studies that emphasize the importance of ‘personal characteristics’
without adopting the full TPB model (e.g. Quinn & Burbach 2008). For their study of hillside
farmers' environmental behaviours in a context of land degradation in Haiti, Bayard and Jolly
(2007) considered personal characteristics in addition to economic and socio-demographic factors.
Similarly, Vignola et al. (2010) combine beliefs and knowledge, risk perceptions, and values with a
set of socioeconomic factors. Although these studies go beyond economic or demographic

variables and result in interesting findings, there is some conceptual arbitrariness in their models.

Actual applications of the RAA (or TPB) to adoption decisions in agriculture are scarce. This is an

illustration of the schism between agricultural adoption studies and the social sciences (Burton and
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Wilson, 2006a). Lynne et al. (1995) applied the TPB to water-saving technology adoption and
technology investment behaviour for Florida strawberry farmers and are often cited as the first to
apply the TPB in agricultural decision making, including investments. A study on pro-
environmental agricultural practices among dry-land farmers in Australia was able to predict 52%
of the variance in behaviour (Price and Leviston, 2014). However, their model was a combination
of Value-Belief-Norms and TPB, and the behaviour under consideration ‘conservation behaviour’
which is a complex, general kind of behaviour. Similarly, a study using the TPB was used to
understand farmers' ‘conservation-related behaviour’ (Beedell and Rehman, 2000). Another study
used TPB to understand farmers’ willingness to supply ecosystem services for payment (Greiner,
2015). The above studies show that the TPB can be applied to more general conservation
behaviours. However, Fishbein and Ajzen (2010) underline the importance of considering specific

behaviour for getting more accurate results.

The TPB has also been found effective to explain specific agricultural decision making. Intentions
to practice riparian zone management in Australia could be explained by the TPB (Fielding et al.,
2005). Fielding et al. (2005) found that it is beliefs about the benefits rather than the costs of
riparian zone management that are critical for influencing the adoption. The TPB was used for
understanding farmers’ uptake of organic farming in Ireland (Lipple and Kelley, 2013), as well as
intention to adopt improved natural grassland in Mexico (Borges et al., 2014). The adoption of
water conservation measures by farmers in Iran was studied with the TPB, complemented with
measures for normative inclinations as well as perception of risk (Yazdanpanah et al., 2014). The
‘normative inclinations’ construct of Yazdanpanah et al. was a conglomerate of attitudes,
subjective norms, moral norms and self-identity, and results indicate that especially this factor was
explaining intention. They also concluded that the relative contribution of their constructs was
different for the various farmer groups they interviewed, a similar conclusion as the one drawn by

Lapple and Kelly (2013).

Wauters et al. (2010) applied the TPB without additional constructs to the adoption of soil
conservation practices in Belgian agriculture. They found that the attitude towards the behaviour
was the main item, while perceived control was not significant in explaining intention or adoption.
This means that the Belgian farmers felt they could adopt the practices if they wanted to, but
intended not to because of a negative attitude towards these practices (Wauters et al., 2010). Their
results, predicting intentions with a validity of 44% - 70%, allowed for policy recommendations
towards the agro-environmental schemes that apparently were not successful in fostering positive

attitudes.

Besides the present research (Van Hulst and Posthumus, 2014, 2016), only one study is know that

applies the TPB to adoption of conservation agriculture (Lalani et al., 2016). Lalani et al. come to
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the conclusion that farmers' attitude is the strongest predictor of intention followed by PBC and
subjective norms. Underlying the positive intention, they found that an improved yield is the
strongest driver followed by labour advantages and an improved soil quality (Lalani et al., 2016, p.

83).

This overview, although not pretending to be comprehensive, reveals that applications of the TPB
to ‘understanding farmers’ behaviour’ are not many, geographically scattered, often adapted with
other variables, and related to very diverse farming practices. However, they share the observation
that traditional approaches somehow fall short. The results of applications of the TPB have proven

useful by providing deeper understanding of specific actions or general conservation behaviours.
2.5.3 Building on RAA constructs

As the discipline of social-psychology is much wider than is reflected in the Reasoned Action
Approach, the sufficiency of these RAA constructs in explaining behaviour has been questioned
(e.g. Conner & Armitage 1998). Similar to the development from the TRA to TPB by including the
perceived behavioural control construct, many authors have attempted to improve the RAA or TPB
models by proposing to add other constructs to it. In this section I will introduce some of the most
important proposed additional constructs. As Fishbein and Ajzen are the main authors in the RAA
literature, I also consider their view on whether these proposed constructs are likely to improve the

RAA model.

Personal moral considerations, or personal norms, have been seen as lacking in the TPB (e.g.
Kaiser 20006). It is defined as the assessment of whether people themselves think they should
engage in a behaviour, as opposed to what others think (which is included in the social norm).
Kaiser et al. (2005) acknowledge that “unfortunately”, that is despite their theoretical case for
personal moral considerations, “the evidence showing a net gain in the explanatory power of a
morally extended TPB is ambiguous”. Therefore they argue that the Value-Belief-Norm Theory
(Stern, 2000) which does lean on personal moral consideration and values is theoretically superior,
even though the TPB explains more variance in observed behaviour. Fishbein and Ajzen (1975)
argue that people, when answering questions about whether they think they should engage in the
behaviour, would most likely be influenced by their beliefs about the behaviour’s likely
consequences, what they believe important others think they should do or actually do, as well as the
potential barriers and facilitating factors. “In other words, the concept of personal norm is very
similar to the concept of intention and it is likely influenced by the same kinds of factors” (Fishbein

and Ajzen, 2010, p. 285).

Past behaviour is an indicator that has (not surprisingly) been found to influence future action

(Conner and Armitage, 1998). Ajzen (1991) argued that the influence of past behaviour is largely
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mediated by the attitude, perceived norm and PBC. Past experiences of a specific behaviour inform
outcome beliefs and valuations and expectations of important others’ opinions. The effects of past
behaviour should be mediated in particular by PBC, as repetition of behaviour should lead to
enhanced perceptions of control. However, it has been shown repeatedly that there is a residual
effect in explained variance of intention that is not mediated by the three RAA components
(Conner and Armitage, 1998). Fishbein and Ajzen (2010) have to admit that including past
behaviour as an additional predictor in the RAA has consistently found to produce a substantial
increase (around 10%) in the amount of explained variance. Moreover, often repeated performance
of an action leads to habituation, and habitual behaviours may not be amenable to prediction by
models such as the TPB (Aarts, Verplanken and Van Knippenberg, 1998). Even well before we can
speak of habituation, “there appears to be an empirical case to support past behavior as a predictor
of unique variance in intentions and behavior in the TPB” (Conner and Armitage, 1998). The
reason why it is not included in the RAA is because it does not meet the ‘criterion of causality’.
“Unlike attitude, perceived norm, perceived behavioural control, and intention, frequency of past
behaviour cannot readily be used to explain performance of later action” (Fishbein and Ajzen,
2010, p. 286). Although it appears to add to the predictive quality of RAA, the mechanisms
underlying the residual effect of past behaviour on intentions remain an unsolved puzzle (Fishbein

and Ajzen, 2010).

Self-identity has proven to be a popular candidate to complement the RAA. Being generally
defined as “the salient part of an actor’s self which relates to a particular behaviour” (Conner and
Armitage, 1998), it reflects the extent to which an actor sees him- or herself as fulfilling a
particular social role. It is assuming that people’s self-concepts can influence their intentions and
actions. Again, empirical data shows that self-identity can be a moderator between RAA constructs
and intention, but also independently accounts for extra explained variance of intentions. Terry and
Hogg (1996), for example, show that the degree of identification with a group can influence the
relative importance of perceived norms, thus fulfilling a moderator function with intention.
Fishbein and Ajzen (2010) argue that although inclusion of self-identity may add to the predictive
quality of the model, conceptually and methodologically there is considerable overlap with other
constructs and there is little value in adding self-identity as an independent determinant of

intention.

Similarly, anticipated affect is often considered as a potential factor that influences intention or
behaviour by arguing that the RAA does not take sufficient account of affective or emotional
reactions (Fishbein and Ajzen, 2010, p. 294). It is assumed that anticipated affective reactions to a
behaviour may be important determinants of attitudes and intentions, especially in cases of
‘anticipated regret’ where the consequences of the behaviour are negatively affectively laden

(Conner and Armitage, 1998). An important difference with how the RAA is usually
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operationalized, is that also alternative courses of action are considered, that is the anticipated
affect of not performing a behaviour. Moreover, factor analysis shows that in the attitude construct
of the RAA, where specific action-related anticipated emotions are often included, there is indeed
room for distinguishing cognitive and affective elements, or, as preferred by Fishbein and Ajzen:
instrumental and experiential factors. While some argue that anticipated affect deserves an
independent role in the understanding of intention (e.g. Richard et al. 1998), Fishbein and Ajzen
hold the position that general moods and emotions are sufficiently considered as background
factors that influence beliefs, while specific anticipated affect can be accommodated for within the

attitudes construct (Fishbein and Ajzen, 2010, p. 249).

Overall, there seems to be room for improving the model in a way that increases its predictive
accuracy of intentions in a similar way as the TPB proves to be an improvement of the TRA. While
the argument for not including personal norms and anticipated affect as independent factors
influencing intention is convincing, the role of past behaviour and self-identity in explaining
intentions are clearly not optimally accommodated for in the RAA model. There remains a need for
conceptual and methodological development in order to understand the underlying mechanisms,
because clearly past behaviour is not causing future behaviour (Conner and Armitage, 1998),
neither is self-identity a causal mechanism that can reasonably be thought to influence intention in

a direct way like the other RAA predictors can (Fishbein and Ajzen, 2010).

In the present context where there is not much reference literature for the relative importance of
including other RAA constructs for understanding smallholder farming in SSA, the application of
RAA in the present study is limited to the standard RAA constructs, which should already explain a

reasonable percentage of the variance in intentions.
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Promotion of Conservation Agriculture

2.6 Introduction to literature review

This section discusses literature about the promotion of CA, with which I refer to the efforts of
dissemination, extension, scaling-up and scaling out of CA through research, policy and projects.
In current CA adoption literature, two important approaches are being proposed to increase the
adoption of CA in sub-Saharan Africa: Innovation Platforms and tailoring specific technology to
socio-cultural niches (Tittonell et al., 2012; Giller et al., 2009). In order to be able to position and
understand these approaches, the dominant paradigms of agricultural innovation are described. To
understand how promotion of CA is related to innovation at farm level, the chapter builds on
Roling’s work on how different paradigms of agricultural innovation and approaches in learning
and extension have developed over time, and how the approaches reflect different ideas about
society. He argues that the ‘extension education’ in general can either focus on behavioural change,

knowledge transfer, advising, facilitating or organisational development.

First, it is appropriate to clarify what exactly is meant with innovation. In section 2.1, CA was
approached as a technology, not an innovation. Sometimes, the fact that a technology is new to a
certain area is thought to qualify it to be called an innovation. However, Hall (2006) argues that
“the notion of novelty is fundamental to invention, but the notion of the process of creating local
change, new to the user, is fundamental to innovation”. In my thesis innovation is used to refer to a
process among stakeholders that results in a renewed shared understanding, a shared socially
constructed reality (Roling, Kuiper and Janmaat, 1996). A possible result of this process can be
new technology, but innovation is much wider and is often seen as encompassing three elements:
technological, institutional and organisational change (Leeuwis and Van den Ban, 2004) which is
sometimes referred to as ‘hardware’ (technology, infrastructure etc.), ‘software’ (knowledge, skills

etc.) and ‘orgware’ (organisation and capacity building etc.) (World Bank, 2012).

In a discussion of the paradigms of agricultural innovation, it will become clear that a science-
based technology-push is not sufficient for realizing the sustainability, livelihood and productivity
objectives in sub-Saharan Africa (Altieri, 1999). If technology cannot simply be transferred from
an expert’s drawing table to the end-users, how do we get agricultural innovations to work in
practice? Roughly since 2005, the Agricultural Innovation Systems (AIS) model has gained
popularity because it is sensitive to “the interaction of individuals and organisations possessing
different types of knowledge within a particular social, political, policy, economic, and institutional
context” (Hall 2006). In a way, the AIS perspective goes beyond traditional dichotomies of
scientific versus indigenous knowledge, or endogenous versus exogenous innovation. It does not

picture promotion of new technologies or practices as a communication issue from an expert to a
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farmer. Instead, there is a notion that technological and institutional innovation are processes,

emergent in hands-on action that involves a variety of actors.

The Innovation Platforms and targeting of CA practices, two popular approaches to promote CA,
are positioned in the various paradigms. These paradigms can be seen in a continuum of increasing
farmer participation in projects and policy, but also as having different underlying rationalities that
inform specific dissemination strategies. For the latter, a distinction is made between instrumental,
strategic and communicative rationalities (Habermas, 1984). Such distinctions are useful to see the
general differences, but for understanding the promotion of CA within an innovation system it
needs to be realized that agricultural research and development projects are a mix of linear transfer
of technology thinking, attempts at AIS thinking, and everything in between. Understanding the
promotion of CA will thus require good understanding of how and why this development towards

an AIS perspective has taken place.
2.7 Chronology of paradigms of agricultural innovation

In recent years, research efforts have been put into understanding the processes and mechanisms
through which agricultural research is actually put to use, largely as a response to the sub-optimal
impact of science on the livelihoods of resource-poor farmers in SSA. One example is the
Convergence of Sciences programme which aimed at developing insights into the pathways
through which investment in science and technology can improve rural lives. The programme
explored how innovation comes to be the emergent property of the interaction among different
stakeholders in agricultural development, in a number of case studies in West-Africa (Hounkonnou
et al., 2005). Another example is the Research Into Use programme funded by DFID that lasted
from 2006 to 2012, and was commissioned to address ways to scale up successful innovations from
agricultural research. This project meant a change in direction for DFID to funding agricultural

research on uptake rather than on the generation of new technologies (Frost, 2014).

If the challenge is to enhance innovation in agriculture, it is important to study the assumptions that
underlie ideas of how agricultural knowledge and science are considered to have an impact. In
Table 2-2, a chronological overview is given of four important paradigms of agricultural innovation
that have emerged in the last decades. Hall (2007) distinguishes between ‘transfer of technology’,
‘farming systems research’, ‘participatory research’ and ‘agricultural innovation systems’. It can be
seen that almost every decade has seen the rise of a new paradigm of innovation, often emerging as
a critique on the previous dominant paradigm. The ‘organisation focus’ has kept expanding to
include nearly all actors in an AIS approach, while for ‘transfer of technology’ there is only a
limited number of actors involved. Rdling (2009) argues that there are several conceptually distinct
pathways of agricultural innovation. These pathways, briefly described below, also range from the

‘transfer of technology’ to the ‘agricultural innovation system’.
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Table 2-2 Overview of paradigms of agricultural innovation (Adapted from Hall et al., 2007; Hall,

2007)

Paradigm Transfer of Farming Systems Farmer First / Agricultural
Technology Research Participatory Research  Innovation Systems

Era Widespread since the Starting in the 1970s  Starting in the late 1980s  Since 2005
1960s, but buildingon  and 1980s / early 1990s
a very long history of
science

Purpose Top-down planning of ~ Planning capacity for ~ Strengthening Strengthening the
agricultural research, agricultural research, = communication and capacity to innovate
technology technology knowledge delivery throughout the
development, and development, and services to people in the  agricultural production
technology transfer technology transfer rural sector and marketing system

Framework Agricultural research NARO as part of a NARS as part of AKIS as part of

arranged in National
Agricultural Research

National Agricultural
Research Systems

Agricultural Knowledge
Innovation System

Agricultural Innovation
Systems (AIS)

Organisations (NARO)  (NARS) (AKIS) including including private sector
education and capacity and other actors
building

Mental model Technology supply, Learn through Collaborate in research Interact and learn for
of activities through pipeline model  surveys and innovation
modelling

Farmers seen
by scientists as

Progressive adopters,
laggards

Important sources of
information

Research partners

Important actor among
other actors

Farmers’ roles

Learn, adopt, conform

Provide information
for scientists, learn,
adopt

Diagnose, experiment,
test, adapt

Co-generate
knowledge, institutions
and innovation

Core element Technology packages Modified packages to  Joint production of Facilitated interactional
overcome constraints  knowledge learning and change
Driver Supply push from Scientists’ need to Demand pull from Responsiveness to
research learn about farmers’ farmers changing contexts
conditions and needs
Key changes Farmer behaviour Scientists” knowledge  Scientist-farmer Institutional,
sought relationships professional and
personal
Intended Technology transfer Technology produced Co-evolved technology Enhanced capacities to
outcome and uptake with better fit to with better fit to innovate
farming systems livelihood systems
Innovators Scientists Scientists, based on Farmers and scientists Potentially all actors
understanding together
farmers
Role of policy Set priorities and Set priorities and Set priorities and allocate ~ Strengthening enabling

allocate resources for
research

allocate resources for
research

resources for research in
consultation with
different stakeholders

environment and
support systems
coordination

41



2.7.1 Transfer of technology

The transfer of technology model, also called ‘the linear model’, ‘the pipe-line model’ or the
‘technology supply push’, assumes that innovation mainly originates from formal agricultural
research. The technologies are then to be transferred through dissemination to the ultimate users,
also called ‘end users’ or ‘ultimate beneficiaries’. In this perspective, cases of observed limited
adoption are often considered to be a communication problem, because there is scientific support
for the effectiveness of a technology and this needs to be communicated for the users to be

convinced.

Figure 2-2 A representation of the linear model of technology and knowledge development in
agriculture (Source: Wall, 2007; based on: Ekboir, 2002).

There is increasing recognition that, from a perspective of reaching smallholder farmers, the
technology supply push model has not been very effective (Roling, 2009a, p. 85). Altieri (1999)
notes that “perhaps the most significant realization at the beginning of the 21st century is the fact
that the areas in the developing world, characterized by traditional / subsistence agriculture, remain
poorly served by the top-down transfer-of-technology approach, due to its bias in favour of modern
scientific knowledge and its neglect of local participation and traditional knowledge” (Altieri,
1999). The technology supply push model and its assumption that exogenous technological change
can drive social and economic development, have been criticised widely. Chambers and Jiggins
(1987) argue that ‘transfer of technology’ does not fit the diverse and complex conditions and
needs of resource-poor farmers. A single-minded focus on technology as the pathway to
agricultural development is a pars-pro-toto reasoning, in which a necessary condition is taken to be

sufficient (Pant, 2014). Rdling (2009) argues for example that this approach is blind to institutions.
2.7.2 Participatory development

The participatory — technology — development trajectory is one that acknowledges the value of
indigenous knowledge of farmers and actively includes them in the agricultural research process. In
participatory technology development it is recognized that if scientific results are to be utilized by
farmers it is necessary to know what their conditions are in terms of labour, land resources, access

to inputs and markets, etc. The active involvement of the farmer should ensure effectiveness,
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goodness-of-fit, desirability and feasibility of the developed technologies (Roling, 2009a, p. 86).
The strength of this approach is that it allows the development of new configurations of resources
that may lead to technological innovation. However, the focus is still on technology while in the
very constraining situation of smallholder farmers in Africa, it is also necessary to address the

institutional conditions that determine the opportunities (Hounkonnou et al., 2005, p. 364).
2.7.3 Agricultural treadmill

The agricultural treadmill assumes that farms are small firms in a free market who all produce the
same commodities. The introduction of an ‘innovation’ allows its early adopters to capture a
comparative advantage, but after diffusion it will lead to overproduction. The farmers who cannot
keep up with the change eventually drop out, and their resources are absorbed by those who could
adapt. In this way, diffusion leads to fewer farmers but increasing farm sizes and scale enlargement
(Roling, 2009a, p. 88). As a pathway for innovation it has led to increased efficiencies in the entire
farm sector, mainly in industrial countries. Due to the specific institutional context in most African

countries, this pathway is unlikely to bring innovation to smallholder farming (R6ling, 2009a).
2.7.4 Agricultural Innovation Systems

The Agricultural Innovation Systems (AIS) approach assumes that agricultural innovation follows
from interactions in networks, partnerships and collaborations. The AIS perspective extends the
understanding of how actors generate, exchange, and use knowledge from several key actors in
agricultural knowledge systems to potentially all actors, both public and private. It focuses on
complex relationships among diverse actors, social and economic institutions, and opportunities for
technological and institutional change (Spielman, 2006). The AIS approach engages in processes
with a heterogeneous set of actors and therefore principles, in a way that evolves over time.
Agricultural innovation is seen as the emergent property not of science, or of markets, but of
interaction among stakeholders in opportunities for development. “It is their negotiations, conflicts,
agreements and ability to undertake concerted synergistic action that determines whether we shall

be able to move forward” (Rdling, 2009a).

Hall (2006) notes three important advantages of adapting an AIS perspective to the agricultural
sector in developing countries: 1) it draws attention to the totality of actors needed for innovation
and growth, 2) it consolidates the role of the private sector and stresses the importance of
interactions within a sector, and 3) it emphasizes the outcomes of technology and knowledge
generation and adoption rather than the strengthening of research systems and their outputs. The
key to support change in the agricultural sector is perhaps no longer more knowledge and a
strengthened agricultural research system, but rather the facilitation of interactions between a broad

set of actors that can take innovation forward.
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This approach implies that to stimulate innovation, it is a priority to find ways of developing and

adapting habits and practices that foster a capacity to innovate. This implies a shift in interventions

away from supporting agricultural research, with a new focus on strengthening patterns of

interaction across a whole range of actors involved in innovation (Hall, 2007). An AIS approach

requires the facilitation of learning processes and the managing of change, building on the ‘soft’

capacities of human communication, trust building, diplomacy networking, making sense of messy

social situations, political advocacy and leadership (Woodhill, 2010).

2.8 Extension approaches

In analogy with the development of paradigms of agricultural innovation, ideas have developed

about the role of extension. When speaking about extension interventions, a broad definition is

maintained to include actions of information provision, advisory work, and intentional learning

processes, with the objective to bring about change in attitudes and behaviour of people. Table 2-3

gives an overview of different models which can be applied to different sectors, including

agricultural development.

Table 2-3 Overview of models of extension interventions (Source: Roling et al. 1996, p. 55)

Behavioural = Knowledge Advising Facilitating Organizational
change transfer development
Person who is unsuspecting  passive active client people witha  participant
informed target group adopter problem
Role of the strategist expert consultant trainer organizer
informer
Metaphor ‘(social) ‘product’ ‘marketing’ ‘learning’ ‘housekeeping’
engineer’
Point of determinants  acceptance problem organisation, group processes
action of behaviour ~ process solving awareness
process
Goals of intervening intervening both (overlap) client collective
party party
Nature of blueprint linearly strategic planning of planning of
planning phased anticipation learning group process
process
Objective increase the adoption of remove Improve Platform at
frequency of  technology obstacles decision higher
wanted capacity aggregation
behaviour level
Rationality instrumental instrumental  strategic strategic/ strategic/
communicative communicative
Legitimation  politically scientific active there is a ideology,
accepted basis demand hidden need hidden social
decision problem
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According to Roling (1996), extension interventions can be seen as aiming at ‘behavioural change’,
‘knowledge transfer’, ‘advising’, ‘facilitating” or ‘organisational development’. An insightful
distinction between them can be made in the underlying rationality, being instrumental, strategic
and/or communicative which is further elaborated in section 2.9.2. The legitimation of the different
promotion approaches is also different: advising is based on having an active demand, while
knowledge transfer is legitimized by a solid scientific basis. The behavioural change model is
legitimized by a politically accepted decision, and is therefore also a largely supply driven
approach. The last two approaches, facilitating and organizational development, are neither demand
nor supply based, but emerge from a hidden need or problem which is not strictly defined by one
actor. Instead, they are agreed upon in a process, which is why the underlying rationality is no

longer instrumental but strategic/ communicative.
2.9 Unpacking the AIS approach

The paradigms or pathways of agricultural innovation can be understood as differing in their degree
of participation, and in the underlying rationality. Both are discussed below as crosscutting issues
that delineate a continuum in which extension approaches can be placed. The AIS pays particular
attention to networks and social interaction, so some basic notions from the concept of social

capital are described.
2.9.1 Degrees of participation

The pursuit of farmer participation is one way to understand the current interest in AIS both as an
approach and as a descriptive framework. Farmer participation is sought and included into
environmental decision-making processes, including projects that research and promote CA. As
Table 2-2 showed, the role of the farmer in agricultural innovation has increasingly been
recognized, from being an adopter in the ‘transfer of technology’ model, to being a research partner
in the ‘farmer first/participatory research’ model. The relative importance of agricultural
researchers, on the other hand, has reduced over the decades according to these paradigms of
agricultural innovation. During the history of its development and in the many different contexts
where it has been applied, participation has become synonymous with a variety of ideological,

social, political and methodological meanings (Lawrence, 20006).

The benefits of participation are defended along two lines. One follows normative argumentation,
mostly focusing on benefits for democratic society, citizenship and equity. The other follows more
pragmatic reasoning, focusing on the quality and durability of environmental decisions that are
made through engagement with stakeholders. Whether participation is judged to be important for
its own sake or is valued for contributing to achieving more efficient and sustainable results, it is

now part of the development agenda.

45



The first typologies distinguished between the degree to which stakeholders were engaged.
Arnstein’s (1969) ‘ladder of participation’ described a continuum of increasing stakeholder
involvement, from passive dissemination of information (which she called ‘manipulation’), to
active engagement (‘citizen control’). Similarly, DFID (1995) identifies degrees of participation in

a continuum:

e Being in control and only consulting, informing or manipulating other stakeholders

e Being in partnership with one or more of the other stakeholders, with equal powers of
decision-making

e Being consulted by other stakeholders who have more control

e Being informed by other stakeholders who have more control

e Being manipulated by other stakeholders (DFID, 1995)

The often cited typology of Biggs (1987), (e.g. Martin and Sherington, 1997) is based on degrees of
participation in terms of researchers’ and farmers’ relative degree of control over the research

agenda:

e Contract: in which the researcher sets the research agenda, and the farmer's land and/or
services are used. This helps the researcher to locally validate technologies that are
developed on a research station. Although there is an agreement and a useful link between
the researcher and the farmer, this would not constitute participation by most definitions.

e Consultative: in which the researcher consults farmers to make the best possible diagnosis
of problems, design and modify research plans, pretty much in a doctor-patient
relationship. Farmers are consulted through surveys, or are called to participate in
evaluations, but decisions are primarily made by the researcher.

e Collaborative: in which researchers and farmers work as equal partners, which involves
continuous interaction. The important decisions over the priorities and practical execution
of the project are made jointly.

e Collegiate: in which the research system is farmer-driven, and actively strengthens the
local capacity to conduct informal research and development at farmer and community

levels. Farmers have the final say in all decisions.

The cultural aspect of participation is highlighted by Roncoli et al. (2011). They argue that the
more Western style of participation is “based on values of equity, fairness, and legitimacy, and
understood largely in terms of individual expression and affirmation, [...] grounded in Western

ideas of the democratic process and epitomized by the ability to express one’s opinions and to
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affect decisions by voting on propositions” while the Kiganda® style of participation as “informed
by cultural norms of social interaction, which stress courtesy, modesty, reserve, and respect. In this
perspective, the purpose of participation is to demonstrate unity and to reach decisions by
consensus” (Roncoli et al., 2011). The link between such cultural understanding of participation
and democracy, and its importance for ‘creating capabilities’ through communicative action is

further explored in section 3.3.3.
2.9.2 Instrumental, strategic and communicative rationalities

The overview of approaches to agricultural development summarized Table 2-2, shows that where
the earlier approaches are explicitly research driven, the innovation system is not necessarily driven
by research. Instead it is driven by the facilitation of change processes, which may not be the key
capacity of agricultural researchers, and for this reason it may seem a categorically different
paradigm. Besides a changing level and style of farmer participation, the approaches can be seen as
differing a more fundamental way, the underlying rationality. As further explained in section 3.2.2,
the idea of different rationalities emerged in Habermas’ critical theory and his critique on

instrumental reason.

The three types of rationalities distinguished by Habermas and others (Habermas, 1984; Roling,
Kuiper and Janmaat, 1996) form a continuum with purposive rationality on the one hand (which
includes instrumental and strategic rationality) and communicative rationality on the other. The
relative importance of each type of rationality can be recognized in the paradigms of agricultural
innovation and the largely corresponding styles of promotion discussed later. The following

description of the three rationalities draws on chapters 1 and 2 of Réling et al. (1996) to get

The instrumental rationality is one of a subject relative to an object. A ‘social engineer’ tries to
solve a social problem with an instrumental approach. When reasoning in an instrumental way, an
(extension) intervention is seen as a deliberate attempt to influence determinants of behaviour,
using instruments (such as laws, enforcement, awareness campaigns, etc.) in a direction that is
considered valuable. The changed behaviour remains voluntary in the sense that actors can
generally reject the proposed options and say ‘no’. Effective intervention based on instrumental
reasoning thus requires understanding of the determinants of the voluntary behaviour and aims to

influence them.

Reasoning in a strategic way assumes that extension is an interactive intervention process, which is
adapted according to the actions of the other. It is a more iterative process in which monitoring is

important and project or intervention design is adapted accordingly. An intervention in a strategic

5 Kiganda is a term in the Luganda language, spoken in Uganda, to refer to the Baganda i.e. people in
Buganda. In fact, Uganda is the Swahili word to refer to Buganda, which is now a large kingdom within
Uganda.
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way is aware of the strategies of the other actors, and their interaction is therefore like a game of
chess in which both players anticipate on the other player’s next move, but are guided by self-
oriented objectives. Where the key-word for instrumental interventions is ‘predicting’, in the
subject-subject relation of strategic reasoning, the key-word is ‘anticipation’. The goal is not

‘controlling’ but rather improving your position relative to other equally strategic social actors.

Finally, reasoning communicatively does not assume a problem in advance which is then addressed
by an intervention, but it starts from several actors that are aware of a shared problem, and accept
that they need to take joint action and agree upon the necessary course of action. It is also a subject-
subject relationship, but one that gives more importance to reaching a shared understanding on a
problem and on ways to improve the situation. It is the basis for organisation, and an important
form of human rationality. Communicative reasoning requires ‘platforms’ where the interaction can
take place, and an intervention from this perspective aims at facilitating this communicative

process among actors.

Although making this distinction implies a criticism on instrumental reasoning, it is good to
recognize that instrumental reasoning has a legitimate place. This is especially true when the
objectives of an intervention are uncontroversial and broadly shared in society. The critique of
instrumental reason must therefore be understood as a critique of its ubiquitous manifestations
during and after the enlightenment period (Horkheimer, 1986), and a corresponding lack of

communicative rationality and action (Habermas, 1997, 1984).
2.9.3 Agricultural innovation and social capital

Social capital is a broad concept, and not a primary focus of this thesis. Nevertheless, its
importance is implied in the Agricultural Innovation Systems (AIS) approach, so some basic
notions from the social capital literature are described in this section. Relative to the previous
theories on agricultural innovation, the AIS approach draws more attention to the interaction
between social capital and agricultural innovation (Silici, 2009). Where Rogers (1983) reviewed
the empirical research on the diffusion of innovations, he found that ‘social participation’,
‘interconnectedness with the social system’, ‘exposure to interpersonal communication channels’,
and ‘belonging to highly interconnected systems’ are associated with the early adoption of
innovations (Narayan and Pritchett, 1996). The importance of social capital for CA adoption in
particular is increasingly recognized, although research to the role of social capital in the adoption

and diffusion of CA is limited so far (Knowler and Bradshaw, 2007).

Although no consensus definition of social capital exists, indeed some scholars are sceptical of the
usefulness of the concept altogether (e.g. Solow, 2000), it can be said to refer to “the norms and

networks that enable people to act collectively” (Woolcock and Narayan, 2000). The ‘norms’
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element consists of institutional factors, such as laws and community rules, norms and ideas, while
the networks element refers to complex patchwork of social connectedness. Generally, three types
of ‘social connectedness’ have been identified as important for social networks within (bonding),
between (bridging) and beyond (linking) groups or communities (Woolcock and Narayan, 2000).
The same authors argue that some close-knit poor communities may have plenty of bonding social
capital ‘to get by’, but may lack the bridging social capital that non-poor deploy to ‘get ahead’. In
agricultural innovation, an important element of social capital is social learning, defined as “a
process that fosters innovation and adaptation of technologies embedded in individual and social
transformation. It is associated, when it works well, with participation, rapid exchange and transfer

of information when trust is good, better understanding of key ecological relationships, and rural

people working in groups” (Pretty, 2003).

The nature of innovation and farmers’ ability to share its potential benefits are critically influenced
by ‘norms and networks’; At this general level, there is little disagreement about the importance of
social capital for development processes — manifest by a wealth of literature on social networks,
collective action and formal/informal institutions. But how social capital impacts innovation in
concrete cases and how it can be measured and stimulated remains an open debate (Solow, 2000).
It is clear, however, that social capital is central to innovation, and as such it is incorporated in the
conceptual framework of this study as a ‘means to achieve’ that contributes to farmers’ capabilities
(Section 3.4, ‘Conceptual framework”). Social capital allows farmers to participate in processes of
innovation and helps creating agricultural capabilities, e.g. through processes of sharing resources

and knowledge.

Silici (2009) argues, following Berdegué and Escobar (2002), that because rural households operate
in unfavourable environments, innovation is more driven by social capital relative to e.g. human or
natural capital, and is often aimed at managing risks and reducing vulnerability. Moreover, in in the
face of economic and climatic uncertainty in SSA, the capacity of people both to innovate and to
adapt technologies and practices to suit new conditions becomes vital (Pretty, 2003). An important
question is whether forms of social capital can be stimulated in order to enhance innovation. Some
authors indeed infer that it is necessary to intentionally invest in social capital (e.g. Woodhill, 2010;
Pretty, 2003), while others are less confident that social capital can be easily generated (e.g. Roling,

2009a).
2.10 CA Innovation Platforms in practice

In order to address the bottlenecks in CA adoption, Innovation Platforms (IPs) are increasingly
being proposed as a way to promote CA through a mechanism that operationalises the AIS
approach. The idea is that the platforms provide a space where different stakeholders can come

together around a shared problem or objective, for information exchange, negotiation, planning and
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action (Hall et al., 2007). The literature is not always in agreement about the specific characteristics
of IPs, and this is understandable as they can operate at different scales (local, national), and in
different sectors (dairy, horticulture, crops, etc.) and as such will have different objectives

(Nederlof, Wongtschowski and Van der Lee, 2011).

Nederlof et al. (2011, p.68) distinguish between different types of platforms. One distinction was
made on the basis of the common purpose that binds stakeholders together in an IP, such as the
adoption of CA or improved maize-legume production systems in Ghana. The other distinction was
made on the basis of the role of research. They found there to be three main types which they called
‘learning and research oriented’, ‘development and research oriented’, and ‘development and non-
research oriented’. In the IPs of the first kind, researchers played a dominant role both in the
preparatory stage and in the functioning of the Innovation Platform. They also had “deliberate
strategies to institutionalise the principles behind an Innovation Platform in the organisations
involved” (Nederlof, Wongtschowski and Van der Lee, 2011, p. 73). In IPs of the second kind, the
platform generally started with proposals from organisations in the field. In that sense they are
more ‘grounded’, but in the functioning of the platform researchers would play a dominant role.
The third type of IP started and functioned on the basis of effort and initiative of the members
themselves, with usually the private sector playing a more prominent role. Platforms of this kind
usually functioned only at one level (e.g. local or national) and were in that sense limited in their
capacity to connect with other levels and achieve some of their objectives (Nederlof,

Wongtschowski and Van der Lee, 2011).
2.10.1 A CA Innovation Platform in Zambia

In this section, a well-documented case study of the promotion of CA in Zambia is explored as an
example of how an IP can work in practice (Van der Lee et al., 2011). The Monze Innovation
Platform was initiated in 2009 as a response to disappointing adoption levels of CA among the
local farmer population despite investments of government and projects. The Monze platform,
functioning at the district level and thus linking the local and national level, comprises different
stakeholders which include (a representation of) local farmers, the ministry of agriculture and co-
operation, the private sector in the form of a local input supplier and a business association, a local
NGO and local media. The chairperson has the responsibility to facilitate general forms of

interaction, sharing of knowledge and co-ordination of joint activities on CA.

The incentives vary for the different stakeholders. The public sector is driven by the government’s
mandate to promote CA, the private sector is motivated by possible enhanced sales of inputs such
as herbicides and rippers. The NGOs see CA as a means to improve yields and improving
livelihoods, while research institutes see the IP as a way to increase the use of their research

outputs. For farmers the IP can help them to improve their production and incomes while lowering
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farming risks through CA. All stakeholders see sharing of information as an important motivation

for joining the platform meetings and activities (Van der Lee et al., 2011).

The main achievement of this IP after 3 years is the improved coordination of CA activities at
district level. The platform has also led to improved interaction between the public and private
sectors, and the media activities have encouraged engagement with stakeholders around the issue of
CA and harmonised some of the lessons learned. However, challenges were also identified,
particularly around the sustainability of the platform after the project would withdraw. Some of the
activities are refunded by the project and especially at the national level there is limited
commitment of the public members of the platform. Also at the regional level where the
responsibilities are partly shared with local actors, the authors question whether it will continue ‘on

its own’ (Van der Lee et al., 2011).
2.10.2 Lessons learned on Innovation Platforms

On the basis of the case of CA in Zambia summarized above, and other cases in smallholder
agriculture in sub-Saharan Africa where experiments have been done with Innovation Platforms
(IPs), several general lessons can be drawn. Innovation is understood to be a mix of technological,
organisational and institutional change, and the premise of innovation is that such change results
from interaction. Interaction is stimulated on IPs and can provide a space for negotiation, joint
planning, working and learning, within clear but flexible boundaries and purposes. Members of an
IP must have a common purpose and realize that it is necessary for stakeholders to cooperate to
achieve the purpose. The problem definitions and agreed courses of action can always be changed

as new members join in or leave. Therefore, there is a sense of flexibility and evolvement in IPs.

Brokering, facilitating, co-ordinating or representing IPs are some of the roles and responsibilities
that the members have to take up. Each of these tasks requires skills and capacities that can be
developed by doing, or through training. Particularly the brokering role has received a lot of
attention in literature, and the broker is important because it is the IP member who acts as a
‘catalyst of interaction’. It is the brokers task to be a mediator, to make new collaborations and thus

to contribute to the effectiveness of the platform and stimulating innovation (Réling et al., 2012).
2.10.3 Innovation Platform as instrument?

Combining the spheres of innovation and the promotion of CA is bound to bring a paradox.
Promotion of CA is a goal-oriented, intentional provision of information towards a pre-determined
objective, whereas an innovation system is characterized by largely unpredictable, iterative
processes, influenced by many stakeholders, with uncertain outcomes. It can be questioned if one
can achieve predefined objective through spontaneous, emergent processes of interaction in which

objectives are also subject to discourse. Posthumus et al. (2014) asked themselves if Innovation
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Platforms for conservation agriculture are a contradiction in terms. They recognize the risk that, in
practice, facilitators of Innovation Platforms can make presumptions about the problems that need
addressing, and overemphasize the importance of CA among other possible solutions. However, if
the notion of an Innovation Platform is being taken seriously, it cannot be harnessed and
incorporated in some kind of instrumental thinking, and there can be no set objectives except the
ones agreed upon by the stakeholders. This may very well be ‘increasing the adoption of CA’ but
not necessarily so. From the perspective of promotion of CA, it is clear that adopting an AIS
approach in the form of IPs not only serves the understanding or supporting of the innovation
processes, but also to steer and manoeuvre it into a direction that the ‘promoters’ have reason to

value.
2.11 Targeting and tailoring CA

The linear ‘transfer of technology’ model is too simplistic for complex problems, and the necessity
to consider a broad set of actors and their interactions is generally accepted. The academic
literature on the agronomic functioning and adoption of CA in SSA emphasizes that universal
‘silver bullets’ or ‘one-size-fits-all solutions’ do not exist. This implies that opportunities for
smallholder farming are locally defined, and the success of technology depends not on how
ingenious it is in theory, but how well it fits within local, practical circumstances. The word
‘targeting’ or ‘tailoring’ is often used to label this approach. Another way to express the concern
for a goodness-of-fit between technology and a context is to talk of a ‘niche’. Although it seems a
simple and logical conclusion, it is worth investigating the reasoning behind this approach and
trying to find out how it relates to the paradigms of agricultural innovation and the models of

promotion discussed earlier.
2.11.1 Tailoring CA research and promeotion to the socio-ecological niche

As discussed earlier, Knowler and Bradshaw (2007) concluded that there are no universal factors
that influence adoption of CA, and therefore recommended that research and promotion of CA
should be geared to the particulars of a locale or, preferably, to individual farmers: a targeted
approach, which is in line with the ‘targeted policy approach’ (Stonehouse, 1996). The need to
tailor CA technologies follows also from the recognition that there exists spatial heterogeneity in
the areas where smallholder farmers operate. The possibility to grow a good cover crop in a CA
farming system is often limited by low soil fertility (Tittonell, 2014). Soil fertility varies at a
regional scale between areas and is determined by the underlying parent material and
geomorphology, but also by population density. Variations in household wealth and farm size can
be associated with differences in soil fertility management (Tittonell, Vanlauwe, Leffelaar, Rowe,
et al., 2005). Similar heterogeneity exists between different fields within a single farm in terms of

agricultural productivity and nutrient depletion, and the allocation of resources and production
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activities often varies accordingly (Tittonell, Vanlauwe, Leffelaar, Shepherd, et al., 2005). These
last authors argue that targeting soil fertility management strategies and fine-tuning decision aids

for resource allocation in smallholder farms can benefit from such an approach.

Ojiem (2006) developed the concept of the socio-ecological niche “for facilitating the identification
and integrated assessment of biophysical and socioeconomic factors with potential influence on the
choice of sustainable legume technologies for smallholder farmers” (Ojiem, 2006). Not only does
he recognize the spatial biophysical and socio-economic variability as described above, but it is
factored in an integrated manner in the technology development. For example, Guto et al. (2011)
worked with the hypothesis that properly targeted tillage and crop residue practices can improve
soil productivity but are feasible only in some socio-ecological niches within heterogeneous
smallholder farms. They concluded that niches could be identified due to variability across
cropping seasons and soil fertili