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ABSTRACT

The current low levels of technology adoption among smallholder farmers in southern Africa do
not reflect the high investment levels in agro-technological research aimed at addressing
perennial food insecurity challenges. A study was conducted in the context of established Soil
Fertility Consortium for Southern Africa (SOFECSA) field-based Learning Centres (LCs) to
assess the effectiveness of impact-oriented adaptive research in driving the benefits of integrated
soil fertility management (ISFM) for improved livelihoods among smallholder farmers during
the 2009/10 and 2010/11 cropping seasons. Specifically, the study sought to: i) identify
determinants of farmer participation in knowledge sharing alliances around field-based learning
centres; ii) explore interaction patterns that determine improved information and knowledge
sharing among smallholder farmers participating in learning alliances; and iii) evaluate relative
benefits of ISFM technology use by smallholder farmers participating in learning alliances. Data
were collected through key informant interviews, focus group discussions, and direct
observations. A questionnaire survey was also administered to a stratified random sample of 70
households drawn from learning alliance participant and non-participant groups clustered by
resource-endowment. The main analytical tools used in this study were descriptive analysis,
logistic regression, social network analysis and gross margin analysis. A major challenge
encountered in this research was the number of farmers who volunteered to participate in
learning alliances (68) which had the potential to compromise regression analysis due to small
sample sizes. The time frame of the study could not effectively capture adoption of the promoted
ISFM package as some potential adopters wait until they observe success from neighbouring
farmers before integrating the practices in their cropping programmes. Gross margin analyses
used in the study are point estimates, but in reality farmer production circumstances are not
static. The study showed how farmers valued the attributes defining a LC with respect to its
technical content, physical location and attitude of the host farmer, as a prerequisite for their
participation in the learning alliance. A logistic regression analysis showed that socio-economic,
physical and demographic attributes of the farming households influenced participation at
varying scales. Specifically, farmer’s age, size of arable land, ownership of farming implements,
household membership in learning alliances and social capital had a significant positive
influence on participation. On the other hand, available active labour and number of cattle
owned negatively influenced participation. Approximately 72% of farmers within learning
alliances adopted components of the promoted ISFM package and these were often seen to be
modified to suit particular farmer circumstances. To understand the potential of smallholder
farmer social interactions in influencing the innovation-decision process, social network analysis
was used. Results showed how exposure of farmers to field-based learning alliances altered their
social interaction pattern producing a denser network structure implying access to more
horizontal and vertical connections. Closeness centrality indices were generally higher for
learning alliance participants than non-participants, suggesting higher communication efficiency
in terms of sending and receiving ISFM information. While national extension dominated
information dissemination within the network of non-participants, farmer-farmer interactions
were the primary source of information for participant farmers. This suggested a digression from
predominantly linear extension approaches to an innovation systems approach. There was a
general indication that learning alliances enabled uptake of legume-cereal rotations by 42% of
the farmers. Analysis of differential benefits of ISFM technologies showed that adoption of
rotations led to higher maize grain yields and net benefits for both the 2009/10 and 2010/11
cropping seasons than conventional practices. Marginal returns to investment were close to
200% and 59% for 2009/10 and 2010/11, respectively. Resource-endowed farmers constantly
had higher maize grain yields of >2 t ha, than the intermediate and resource-constrained
farmers who averaged ~ 1.6 t ha™ and ~1.8 t ha, respectively over the two seasons. However,
adoption of rotations by the resource-constrained farmers resulted in maize grain yields 10-15%



higher than the intermediate group farmers. The rotations not only improved the cropping
environment for the staple maize crop, but also provided a food security buffer in the poor
rainfall season of 2010/11.These results suggested that research and development initiatives that
empower smallholder farmers and their partners to participate along agricultural value-chains
are essential to enhance the generation, dissemination and adoption of relevant and improved
soil fertility management technologies. It was concluded that mobilisation of farmers into
learning alliances can be an effective approach for promoting their uptake of technologies such
as ISFM. Extension approaches should consider the use of participatory methodologies that
empower target communities to actively participate in the research and scaling-up processes as
co-learners with researchers, extensionists and other agro-stakeholders along input and output
market chains.
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CHAPTER 1

Introduction

1.1 Background

Decreasing per capita food production remains a major developmental challenge in sub-Saharan
Africa (SSA) (FAO et al., 2012). Africa is estimated to have spent US$18.7 billion on food
imports in the year 2000 alone, which rose by over two-fold to US$49 billion in 2008. In 2006,
Africa received 3.8 million tonnes of food aid, which is over a quarter of the world total,
indicating substantial external dependency (FAO, 2008). Projections for 2012-2022 show SSA
to be the only region that will experience an increase (15.1%) in the number of food insecure
people. This is despite global prediction that the proportion of individuals facing food insecurity
will fall from 42% in 2012 to 38% in 2022 (USDA, 2012). Within the same period the food
distribution gap is anticipated to grow by 19% suggesting considerable regional food insecurity
(USDA, 2012). Sub-Saharan Africa’s annual cereal imports are expected to rise to >30 million
tonnes by the year 2020 due to a continued decline in the per-capita food production against a

rapidly growing population estimated at 3% per annum (FAOSTATS, 2012).

The World Bank recognizes soil nutrient depletion as the single most critical biophysical
constraint to food production and security in most smallholder farming systems of SSA (World
Bank, 1995; TSBF, 2000). The declining soil fertility has resulted in low soil productivity, loss
of agro-biodiversity, low soil water and nutrient use efficiencies in cropping systems, low
returns to capital investments and soil loss (Odera et al., 2000; Mapfumo et al., 2013), which in
turn deepen poverty. This implies that a commensurate increase in agricultural production to
meet the demands of a growing population is inevitable. The concern for low yields has led to

many attempts in the past decades to develop, test and disseminate several integrated soil



fertility management (ISFM) technologies that could restore soil fertility and improve
productivity (Hagmann et al., 1998; Mekuria and Siziba, 2003; Mapfumo, 2009). Mapfumo et
al. (2013) defined ISFM as the application of a combination of proven concepts, principles and
practices to the efficient use of available organic and inorganic resources, soil water and
appropriate plant genotypes, and according to farmers’ socio-ecological circumstances, to
maintain/improve soil fertility leading to sustainable crop production for household food

security, income benefits, environmental integrity and enhanced livelihoods.

Smallholders have widely adopted improved varieties including hybrids, but fall short on
improved soil fertility management technologies (Stoorvogel and Smaling, 1998; Damisa and
Igonoh, 2007). This poor adoption has often been linked to the lack of responsiveness of the new
technologies to farmers’ heterogeneous resource endowments and risk-return preferences
(Chambers, 1993; Mekuria and Siziba, 2003). Mapfumo (2009) highlighted the existence of and
the need to bridge glaring technical knowledge gaps between researchers and major players in
the agricultural sector to stimulate adoption of improved technologies. This therefore suggests
that innovative approaches which empower all actors in agricultural value chains; are a necessity
and these could foster a shared understanding of the multi-faceted consequences of poor and
declining soil productivity to generate appropriate solutions collectively (Mapfumo et al., 2013).
However, there is still paucity of empirical evidence on effective approaches that can influence

the adoption of improved soil fertility management options.

The applicability of participatory action research (PAR) approaches in complex social learning
contexts (German et al.,, 2007) has revealed potential for influencing change processes.
Participatory action research is viewed as a means of bringing together diverse stakeholders as
co-learners and bringing the knowledge and skills of each player to bear on the problem and

work collectively towards solutions (Pretty and Buck, 2002). The PAR approaches are perceived
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to improve efficiency, both in technology development and in building farmers’ capacity for
experimentation and collective learning (German et al., 2007). This has generated scope for

evaluating how PAR can influence farmer learning and uptake of ISFM technologies.

In recent years, the Soil Fertility Consortium for Southern Africa (SOFECSA) has demonstrated
the potential of field-based Learning Centres and innovation systems approaches in promoting
agro-stakeholders to work together to identify technological options that respond to farmers’
unique circumstances (Mapfumo, 2009; Gwandu et al., 2014). The consortium employs the
Learning Centre (LC) concept to promote ISFM and climate change adaptation by smallholder
farmers as entry points aimed at developing mechanisms for ‘getting out of the maize poverty
trap’ (Mapfumo, 2007). Integrating these farmer-centred co-learning approaches with PAR was
found to translate available empirical ISFM knowledge into increased crop yields and income
benefits for smallholder farmers (Mapfumo et al., 2013; Gwandu et al., 2014). However,
comprehensive empirical evaluation and harmonisation of the approaches towards co-learning is
still required. The evaluation could include monitoring, process, cost-benefit and impact
evaluation (Aldrich and Sayer, 2007). It may also encompass outcome mapping to observe
transitional effects such as change of farmer perceptions (Valadez and Bamberger, 1994).
Increasingly, there has been an appreciation that impact evaluation should focus on ‘influence’

more than ‘impact’, as impacts are often a product of a myriad of interacting factors.

1.2 Rationale

Despite cumulative gains in empirical knowledge over decades of soil fertility research,
adoption rates of promising and improved technologies by target groups remain low and
insignificant and yields have not changed either (Stoorvogel and Smaling, 1998). Grain yields of
staple cereals, especially maize (Zea mays L.), in most parts of Southern Africa rarely exceed 1

tonne ha® among smallholder farmers (Mafongoya et al., 2006; Manzeke et al., 2012). The
3



Zimbabwe Vulnerability Assessment Committee (ZImVAC) in 2012 estimated that more than
1.6 million Zimbabweans will be unable to access sufficient food during the peak hunger period
from January to March 2013. This has come in the wake of recurrent droughts, a string of poor
crop Yyields, policy reforms within the agricultural sector and a high HIVV/AIDS prevalence rate
which have contributed to the upward spiral of vulnerability and acute food insecurity since
2001 (http://www.wfp.org). The challenge is thus to identify suitable approaches that can
enhance uptake of improved soil fertility management technologies by farmers of diverse

resources for sustainable agricultural production.

Emerging evidence suggests that lack of suitable mechanisms associated with the predominantly
top-down models of dissemination of available knowledge and information to farmers by
extension agencies and other agricultural service providers partly explains the low technology
uptake (Hagmann et al., 1998; Nyikahadzoi et al., 2012; Mapfumo et al., 2013). The
understanding that reality is socially-constructed and viewed in different ways by different
actors in a system points to the need for researchers to be engaged in co-learning processes with
those directly affected (Baum and Tolbert, 1985; German et al., 2007), in this case the
smallholder farmers. This may yield appropriate mechanisms for addressing the highly complex
problems in smallholder farming systems. Each stakeholder is likely to bring a distinctive
problem perspective and contribute to development of options for enhanced adaptive capacity,
through participatory experimentation, evaluation of outcomes and making appropriate

adjustments (Colfer, 2005; Lebel et al., 2006).

The ‘transfer of technology’ (ToT) model (Hagmann et al., 1998) was the widespread practice
for research and technology development initiatives prior to the emergence of participatory
approaches. Through this approach, it was the researcher’s task to identify, analyse and solve

farmers’ technical problems usually at research stations (Roling, 1994; Hagmann et al., 1998). In
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Zimbabwe, for instance, the results were then disseminated as instructions and blueprint
solutions to the farmers through the agricultural extension agent, who was the link between
researchers and farmers (CTA, 1997). This top-down flow of information was disjointed; both
institutionally and in terms of disciplines thus, discouraged the feed-back of information
(Hagmann et al., 1998; Nyikahadzoi et al., 2012). The approaches often failed to address the
diversity of farmers’ socio-economic and institutional environments. Hence, there was little
adoption of the new and improved technologies (Stoorvogel and Smaling, 1998). Participatory
approaches developed in the 1990’s, including participatory technology development (PTD),
participatory extension approach (PEA), and participatory rural appraisal (PRA), were therefore
designed to adapt technologies to farmers’ conditions (Hagmann et al., 1998). However, the role
played by farmers in the predominantly linear and non-participatory research and development
processes has still remained low (Chambers, 2005) as there has not been significant emphasis on
co-learning unlike innovation systems approaches designed to develop technologies together

with farmers (Douthwaite et al., 2002).

There has been a growing advocacy that PAR, coupled with the new concept of field-based
Learning Centres (LCs), has the potential to build the capacity of smallholder farmers for
enhanced uptake of ISFM technologies but, this has still to be empirically evaluated (German et
al., 2007; Mapfumo et al., 2013). Moreover few, if any, studies have attempted to evaluate the
effectiveness of learning alliances in promoting adoption of soil fertility enhancing technologies.
Therefore this study focussed on evaluating the potential of field-based learning alliances in
promoting the adoption of ISFM technologies among smallholder farmers for improved yields
and livelihood benefits in the context of LCs introduced by SOFECSA in eastern Zimbabwe.
This study was also aimed at contributing to future innovation systems research and extension
programmes in building adaptive capacities among smallholder farmers as opposed to providing

pre-packaged recommendations which may not be applicable to different farmer circumstances.
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Such an evaluation was meant to reinforce investment and stimulate interest from major players

in agricultural input and output markets.

1.3 Hypotheses

The study was guided by the following hypotheses:

1. Farmers who have received training and are bound to a specific social group have a
higher level of participation in knowledge sharing alliances around ISFM learning
centres than non-participating farmers.

2. Interaction processes in field-based learning alliances lead to differential utilisation and
benefits of ISFM technologies among smallholder farmers.

3. Farmers participating in co-learning and knowledge sharing alliances stand to benefit

both socially and economically more than their non-participating counterparts.

1.4 Objectives

The overall objective of this study was to evaluate how mobilization of smallholder farmers and
multi-stakeholders into learning alliances could influence their participation in collective

processes that drive ISFM benefits for improved livelihoods.

The specific objectives of this study were to:
1. Determine main factors influencing farmer participation in knowledge sharing alliances
around field-based LCs introduced by SOFECSA,
2. Investigate interaction patterns that determine improved information and knowledge

sharing among smallholder farmers participating in field-based learning alliances,



3. Evaluate relative benefits of ISFM technology use by smallholder farmers participating

in co-learning alliances around field-based LCs.

1.5 Thesis structure

Chapter 1 gives the problem statement and justification. A detailed literature review on
evolvement of soil fertility management technologies and emergence of participatory
approaches in adapting improved technologies to smallholder farmers’ agro-ecological and
socio-economic environments are given in Chapter 2. Literature on adoption is also critically
reviewed in this chapter. A description of study sites and methodology used in the study are
given in Chapter 3. Chapter 4 focuses on main factors influencing farmer participation in
knowledge sharing processes around field-based learning centres. In Chapter 5, farmer
interaction patterns that determine improved information and knowledge sharing among
smallholder farmers are explored. Comparative analysis of differential economic benefits
through the adoption of ISFM technologies between PAR and non-PAR participants is given in
Chapter 6. A synthesis of the overall study findings including overall conclusions and

recommendations is given in Chapter 7.



CHAPTER 2

Literature review

2.0 Introduction

This chapter gives an overview of low and declining soil fertility as an impediment to increased
agricultural productivity in Africa culminating in the potential of integrated soil fertility
management (ISFM) technologies to address these issues. A brief synopsis of the Soil Fertility
Consortium for Southern Africa (SOFECSA) initiatives is also given and the applicability of
participatory action research (PAR) in these initiatives to facilitate co-learning processes
between farmers and other agro-stakeholders for co-innovation. Technology adoption literature
is explored including the potential implications on the adoption of any new technologies among
smallholder farmers. The chapter ends by giving a schematic presentation of the conceptual
framework in the adoption of ISFM technologies within field-based learning alliances

established by SOFECSA in eastern Zimbabwe.

2.1 Poor and declining soil fertility challenge in Africa

Poor and declining soil fertility has been identified as the most critical biophysical constraint to
agricultural growth in most SSA farming systems including Zimbabwe (Sanchez et al., 1997;
Sanchez et al., 2009). This has been exacerbated by poor adoption rates of improved soil fertility
management technologies (Odendo et al., 2006). Smaling et al. (1997) reported that annual
depletion rates of sub-Saharan soils stood at 22 kg ha™ for nitrogen, 2.5 kg ha™ for phosphorus
and 15 kg ha™ for potassium. Besides the low crop yields, declining soil fertility has been found
to lead to a loss of agro-biodiversity, loss of livestock pastures, soil losses due to erosion and

low water use efficiencies in cropping systems (Ajayi et al., 2007). Meaningful investments in



soil fertility management technologies are therefore crucial in order to improve productivity

levels in most African soils (FAO, 2004).

In some instances farmers have abandoned poor soils into more fertile ‘virgin’ lands thus further
accelerating degradation of the natural resource base (Vlek et al., 2008). Research and
development efforts to promote the adoption of technologies with a potential to redress the low
soil fertility have often been futile as most farming communities have often failed to link poor
crop yields to the rather less evident decline in soil fertility (Mapfumo et al., 2013). The use of
improved soil fertility management technologies that place additional costs to production have
remained a preserve for the more resource-endowed members of the community, as resource-
constrained farmers are known to have little capacity to acquire requisite inputs. Smallholder
farmers have generally maintained their traditional ways of farming with little or no meaningful
investments to maintain the soil fertility base, resulting in continual declining agricultural

productivity (Stoorvogel et al., 1993; Mtambanengwe and Mapfumo, 2005).

Farmers have responded to the decline in soil fertility by using locally derived nutrient sources
and inorganic fertilisers in order to boost agricultural productivity (Palm et al., 2001b).
However, efforts to enhance soil fertility especially among smallholder farmers are usually
hampered by diverse biophysical, socio-economic and institutional challenges. Animal manure,
cattle manure in particular, has been widely used as an organic ameliorant across most
smallholder farming systems of SSA (Kuntashula et al., 2004; Nhamo et al., 2004).
Nevertheless, most farmers cannot access the 10-20 ton ha™* of manure required to fertilise their
fields. The farmers generally have few animals to produce adequate manure quantities which are
often of low quality due to poor handling and treatment (Mapfumo and Giller, 2001; Mugwira

and Murwira, 1997). Other organic technologies that have been widely documented include crop



residues, woodland litter and green manures (Campbell et al., 1998; Nzuma et al., 1998; Giller,

2001).

Several studies have shown that without the application of fertilisers, grain yields fall by at least
three-quarters thus aggravating food insecurity challenges among many households (Mapfumo
and Giller, 2001; Zingore et al., 2007). This is often coupled with a decline in incomes and
inability to re-invest into soil fertility management. Conversely, inorganic fertiliser use in SSA
has remained the lowest among the world’s developing regions averaging < 20 kg ha™ per
annum (CAADP, 2006; Mapfumo et al., 2013). Exorbitant fertiliser costs coupled with poor
access to fertiliser markets, depressed producer prices, in some instances non-availability of
inorganic fertilisers on the market and the high risk of crop failure in low rainfall areas have
been the major constraints to the use of synthetic fertilisers (Govereh et al., 2002; Honlonkou,
2004; Bationo et al., 2006; CAADP, 2006). The economic policy reforms adopted in the
southern African region led to the removal of subsidies on inorganic fertilisers resulting in a
significant reduction in the use of fertilisers by most smallholder farmers (World Bank, 1995;
Mekuria and Waddington, 2004). Inorganic fertiliser cost is estimated at 2-6 times higher in the
SSA region compared to Europe or North America (Sanchez, 2002). This further compounds the
problem of inorganic fertiliser use among many smallholder farmers who usually operate at
subsistence level. It is therefore imperative that research and development initiatives focus on
developing techniques and effective mechanisms for enhancing soil fertility using the available
inorganic and organic resources in smallholder farming systems for sustained agricultural
production (NEPAD, 2003). This entails innovations that combine productivity growth of both
food and cash crops and recognise the value of farmer participation, local adaptation,
empowering both local and national institutions and players along agricultural value chains to

enable farmers generate profits from surplus production (SSA CP, 2008).

10



2.2 Potential role of integrated soil fertility management (ISFM)

Increasingly, it is recognised that central to agricultural productivity enhancement is the use of
inorganic fertiliser and its judicious use in combination with available organic options
(Mapfumo, 2011). This is based on the argument that strategies promoting the use of organic
ameliorants alone without the incorporation of inorganic fertilisers rarely do well under most
smallholder farming systems because of the low effect of poor quality organic fertilisers on soils
inherently low in fertility levels (Jama et al., 1999; Mtambanengwe et al., 2006; Vanlauwe et al.,
2010). These nutrient resources vary in terms of chemical and physical properties, nutrient
release efficiencies, positional availability and crop specificity and farmer acceptability (FAO,
1998). Mapfumo and Giller (2001) highlighted that organic fertilisers tend to be limited in
quality and quantity, hence the need to supplement them with inorganic fertilisers to sustain crop

yields.

The shift from traditional fertiliser response trials designed to come up with recommendations
for simple production increases culminated into integrated soil fertility management (ISFM)
(Mapfumo et al., 2008). Integrated soil fertility management involves integration of soil fertility
enhancing methods such as improved crop management practices, integration of livestock, soil
and water conservation measures and ways to maintain soil organic matter (FAO, 1998;
Sanginga and Woomer, 2009). The soil fertility management package has components that
include inorganic fertilisers, animal manure, crop residues, crop rotation, compost and green

manures among many (Vanlauwe, 2004; Maatman et al., 2007).

The potential for ISFM technologies to address challenges of soil fertility decline and helping
the low resource farmers mitigate problems of food insecurity as well as improve resilience of

soil’s productivity capacity has been widely documented (Bationo et al., 2003; Ajayi et al.,
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2007; Vanlauwe et al., 2010). Improved yields and profits provide farm households with greater
food security and incomes and stimulate national economic growth. A study in the eastern
districts of Zimbabwe showed that through the use of ISFM technologies, smallholder farmers
across different resource-endowments realised average maize grain yields of approximately 3.2 t
ha”' (Mapfumo, 2009). However, the maize grain yields were consistently highest on learning
centres (LCs) hosted by the more resource-endowed farmers and these were in the range 2.5 to
4.2 tha. Almost similar grain increases were observed in Mozambique and Malawi (Mapfumo,
2009). These productivity increases realised through the use of improved technologies suggest
not only enhanced food security but improved income benefits for the smallholders thus giving

them the ability to invest more in soil fertility management.

Economic analysis of ISFM technology options has been attempted in some past studies
employing different analytical techniques such as cost-benefit analysis and gross margin
analysis (Waddington and Karigwindi, 2001; Mekuria and Siziba, 2003; Waddington et al.,
2007). Mekuria and Siziba (2003) used the Net Present Value (NPV) method to assess the
financial effects of using green manure for soil fertility management on smallholder farms in
Zimbabwe and Malawi. The study showed that NPVs were positive for farmers who fallow and
those who cannot implying that there were positive pay-offs for investing in green manure
technologies. A similar study by Nhemachena et al. (2003), on green manure legume options
revealed that at a discount rate of 20%, NPV values for sunnhemp, crotalaria, maize without
fertility inputs and mucuna were all negative benefits while cowpea had the highest positive
overall benefit. Econometric analysis employed in the same study showed that determinants of
groundnut productivity were land area, groundnut selling prices and labour availability.
Elsewhere, discounted net benefits for maize-groundnut rotations were greater than those for
continuous maize mono-cropping irrespective of whether or not inorganic fertiliser was used

(Waddington and Karigwindi, 2001). However, in the same study, inclusion of labour costs
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resulted in better returns for continuous maize plus fertiliser than rotations, while returns for
rotations and continuous maize without fertiliser were almost the same. Similar results were also
reported for grain legume-maize intercrops on sandy soils in sub-humid North Central

Zimbabwe (Waddington et al., 2007).

Despite evidence pointing towards positive livelihood and economic benefits, adoption of ISFM
technologies by farmers has been low (Mekuria and Siziba, 2003; AGRA, 2009). Sanginga and
Woomer (2009) highlighted that realisation of maximum benefits from ISFM technologies
required an enabling context which entails well-organized service delivery institutions,
progressive value chains, and favourable policies. Critics also maintain that only resource-
endowed farmers stand to gain from ISFM initiatives, while poor farmers including women
farmers do not have the capacity to adopt (IFDC, 2002). High uncertainty and lack of experience
usually associated with the ISFM technologies increases the risk of implementation failure and
reduces adoption among smallholder farmers (Vanlauwe, 2004; Damisa and Igonoh, 2007).
Moreover, comprehension of ISFM principles and concepts is knowledge intensive and as such
demands some level of literacy among farmers (Marenya and Barrett, 2007; Sanginga and
Woomer, 2009). The farmer needs additional knowledge and experience in terms of the type of
ameliorant, time of application and rate. Nonetheless, researchers and extensionists have largely
attributed the low adoption to the lack of comprehension of the technologies, a factor
exacerbated by the wide communication gaps among researchers, farmers and other
development agents (Odendo et al., 2006; Gwandu et al., 2014). The challenge is thus to bridge
this gap with suitable approaches capable of generating technologies that consider farmers’

needs, interests and capacities (IFDC, 2002; Hawkins et al., 2009).

Basing on the strength of its proven potential to improve and restore soil fertility, enhance the

biological and physical properties of the soil and contribute to reduced soil erosion, ISFM has
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been identified as an appropriate approach to develop technologies suitable for smallholder
farmers of different resource categories (Mapfumo et al., 2013). Farmers are able to realise
higher and more stable yields resulting from enhanced soil productivity combined with more
resilient crop varieties leading to improved food security and incomes (Mapfumo et al., 2013).
This may in turn push the uptake of improved soil fertility management technologies. However,
given the trend in the adoption and diffusion of improved technologies which has generally
lagged behind scientific and technological advances (Okuro et al., 2002; Ajayi et al., 2007),
there is scope to integrate ISFM with farmer-centred innovation systems approaches to generate
context specific innovations for impact (Mapfumo, 2009). The successful integration of PAR
approaches in complex social learning contexts and institutional transformation in other areas of
natural resources management (German et al., 2007) has generated possibility for their

applicability to soil fertility management initiatives.

2.3 Soil Fertility Consortium for Southern Africa (SOFECSA) initiatives

The Soil Fertility Consortium for Southern Africa (SOFECSA) embarked on large scale
initiatives under diverse southern African agro-ecosystems and socio-economic environments
with ISFM and effective market linkages as fundamental entry points for developing
mechanisms to enable smallholder farmers to ‘exit the maize poverty trap’. Based on a detailed
analysis of the specific farming context, including household goals, aspirations and resources as
well as the bio-physical environment, the initiatives are aimed at finding “best fit” options
instead of the “one-size-fits-all” technologies (Mapfumo, 2009). SOFECSA has developed the
Learning Centre (LC) concept, which is based on the premise that co-learning processes of
concepts and principles of knowledge intensive technologies open wider opportunities for
adoption and innovation. An effective innovation system is known as one where information

flows among actors, allowing for new knowledge to be generated in the context of application
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(Biggs and Matsaert, 2003). Under the SOFECSA initiatives, technologies are developed
through a participatory process, combining a systems approach and local knowledge involving

“on-farm” experimentation with farmers, researchers and public/private extensionists (Mapfumo

et al., 2008).

The LC approach integrates field-based interactive and non-linear learning processes with PAR
tools to drive innovation (Mapfumo et al., 2013). Learning centres generally take “learning-by-
doing” approach and provide platforms for farmers, reseachers, extension agents and other
diverse agro-stakeholders to exchange ideas and knowledge on new innovations (Gwandu et al.,
2014; Mapfumo et al. 2013). Gwandu et al. (2014) characterised the LCs for a number of
attributes: i) providing field-based platforms for farmers to actively evaluate traditional and new
farming practices and technologies; ii) allowing joint testing of technologies and generation of
new innovations; iii) allowing for interactions among farmers of diverse resource endowments,
technical experts and policy makers thus generating scope for improving productivity and
livelihoods among smallholder farmers; and iv) exposing agro-service providers and policy
makers to field conditions that typify smallholder farmers’ production circumstances. This
particular focus on co-learning processes where information exchange for adaptive
experimentation is the fundamental component makes LCs different from other participatory
extension approaches developed in the past such as Farmer Field Schools (FFS) which place
value on a particular commodity. While farmer groups within the framework of an FFS are not
formed with the intention of creating a long-term organisation, action-learning with respect to
LCs is an iterative cycle of planning-action-reflection (Pontius et al., 2002; Luther et al., 2005;

Mapfumo et al., 2013).

Adaptive testing of ISFM technologies or components of technologies prioritised by farmers and

other agro-stakeholders along value chains is done at LCs to generate context specific ISFM
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options (Mapfumo, 2007; Mapfumo et al., 2008). The promoted ISFM technology options
consisted of legume-cereal rotations, different mineral fertiliser formulations, mineral
fertilisation of rotations, sunnhemp (Crotalaria juncea) green manure-maize rotations among
many applied solely or combined with chemical fertilisers (Nyikahadzoi et al., 2012). The
practical integration of PAR approaches (Piercy and Thomas, 1998) in SOFECSA initiatives in
eastern Zimbabwe targeted at revitalising lost faith in traditional social food safety nets such as
the Zunde raMambo, recorded a sharp rise in maize grain yields from < 0.3 t ha™ (under
traditional farmer practices) to ~4 t ha™ using improved ISFM techniques. The techniques
involved the use of combinations of organic and inorganic nutrients to address severe
phosphorus and nitrogen deficiencies on a medium range maturity maize cultivar for the
2009/10 cropping season (Mapfumo, 2009). Participants at the Zunde raMambo realised maize
grain yields that were at least two and half times more than non-participants following ISFM-
based fields established and managed by volunteer farmers drawing from their participation and
learning experiences at the community learning centre (Mapfumo et al., 2013). This has
generated scope for quantifying the effectiveness of field-based action learning processes in

driving the benefits of ISFM for improved technology uptake and livelihoods.

2.4 Evolution of participatory action research process

Early research often assumed that farming communities within the same agro-ecosystem were
homogenous before emerging evidence indicated that they varied and were stratified across
many boundaries bound to influence their participation in any new innovation (Baum and
Tolbert, 1985; Mtambanengwe and Mapfumo, 2005). Some studies have also shown that there is
evidence that enhancing farmers’ capacities to develop and disseminate improved technologies
from farmer-to-farmer could significantly contribute to agricultural development (Hagmann et
al., 1998; Hawkins et al., 2009). Active participation of target beneficiaries in new innovations

enhances their chance of benefitting from the project and it also enables extension of the benefits
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to others (German and Stroud, 2007). The target group owns the process and should the course
of action fail to bring the desired outcomes, the community still has the power and initiative to

retry or modify innovations to suit their specific conditions (Flood, 2002).

Participatory action research (PAR) approaches evolved through the 1990s into the 21% century
and have been applied to various fields of development, giving such approaches as plant
breeding (PPB) and technology development (PTD) (Defoer and Budelman, 2000; Cromwell et
al., 2003; FAO, 2008). Other research approaches related to PAR include participatory research,
critical action research, action learning, action science and industrial action research (Kemmis
and McTaggart, 2000). The process consists of iterative cycles of community-level action and
reflection thereby reinforcing change processes by ensuring continuous learning, sharing and
adjustment of actions to align them with agreed upon objectives, thereby empowering the actors
themselves to learn and adapt (German et al., 2007). Participatory action research can strengthen
understanding by building upon the complementarities of local and scientific knowledge
(DeWalt, 1994), thus helping to stimulate local ownership of interventions (Ishida et al., 1998;

German and Stroud, 2007).

Participatory action research unlike other research methods captures changes in reality. It
embraces principles of participation, reflection, empowerment and emancipation of groups
seeking to improve their social situation and thus has been criticized for lacking the
methodological rigour and scientific soundness which is the main standard of most academic
research (Kemmis and McTaggart, 2000; Lebel et al., 2006). Selener (1997) suggested that this
weakness is an essential attribute for a more joint and adaptive research design. Other
researchers emphasize that sacrificing some level of academic research principles is worthwhile
given the practical impact generated through PAR approaches (Lebel et al., 2006). Basing on the

ability of PAR to foster continuous learning and sharing of knowledge it may therefore be an
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effective tool in driving ISFM innovation-decision process among smallholder farmers. The
systematic learning on the change process may in turn fill the methodological and institutional

gap between research and action.

2.5 Application of PAR as a change management tool

Increasingly, there is realisation that despite the ability of biophysical soil fertility management
research to generate good knowledge, it has to contend with social processes if that research is to
be considered relevant among smallholders (Hagmann and Chuma, 2002). It is often assumed
that PAR is a tool useful only for solving local-level problems and social issues. However, PAR
may be carried out within research and development organizations as a process of institutional
change, by policy makers interested in taking an adaptive approach to change, or by local
communities as they seek context specific solutions to common problems (Hagmann and
Chuma, 2002; German and Stroud, 2007). Participatory action research approaches recognise
that communities are not homogenous but made up of diverse groups with conflicts and
differences in interests, power and capacities. The aim is to achieve equitable and sustainable
development through the negotiation of interests among these groups and by providing space for

the marginalised in collective decision-making (Greenwood and Levin, 2007).

Participatory action research approaches have been successfully applied to address adaptive
capacity challenges in complex socio-ecological systems such as natural resource management
and climate change (Hagmann and Chuma, 2002; Colfer, 2005; Mapfumo et al., 2013) and
facilitating institutional change processes (Hagmann, 1999; CIAT, 2010). Examples include
building stakeholder partnerships in the Communal Areas Management Programme for
Indigenous Resources (CAMPFIRE) and managing the Mafungautsi State Forest in Zimbabwe
(German et al., 2008); watershed management in the African Highlands Initiative (German et al.,

2007) and development of appropriate primary education mechanisms for marginalised children
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in Tanzania (Mkombozi, 2005). This suggests that the experiences and approaches may be

readily applicable to ISFM adoption initiatives within smallholder farming systems.

However, PAR approaches have also been found to generate unanticipated challenges to local
communities and PAR implementing agencies thus making anticipatory development of coping
mechanisms inevitable. Common challenges have been found to revolve around coordination
and harmonisation of institutional mandates; the need to instil a common understanding of PAR
among research and development partners; power relations within target communities;
sustaining stakeholder interest for participation as well as funding of the change process which

tends to run over long periods (German et al., 2008; Mapfumo et al., 2013).

Current agricultural research and extension initiatives place value on technologies that are
knowledge intensive and require management skills and effective learning (FAO et al., 2012;
Gwandu et al., 2014). PAR characterised by iterative planning-action-reflection cycles has been
widely recognised as a potential tool for enhancing participation of target communities in
context specific change processes (Scoones et al., 2005; German and Stroud, 2007). Integration
of PAR approaches in learning centre based ISFM initiatives may therefore encourage
smallholder farmers to learn through experimentation, building on their own knowledge and
practices, and blending them with new ideas from other agro-stakeholders along agricultural

value chains (Mapfumo, 2007).

2.6 Determinants of new technology adoption in smallholder farming systems

Generally, literature on the factors affecting adoption of any new farm technology reveals four
themes: (i) characteristics of the technology; (ii) prevailing institutional environment; (iii) socio-
economic characteristics of the farmers; and (iv) familiarity with technology (Feder et al., 1985;

Rogers, 1995; Abadi Ghadim et al., 1996; Sheikh et al., 2003). Farmer’s decision to adopt a new
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technology can be thought of as a two-stage process separating the decision of whether or not to
adopt a technology and how much of the technology to use (Nichola, 1996; Shiferaw and

Holden, 1998; Brett, 2004).

2.6.1 Adoption as influenced by characteristics of the technology

Rogers (1995) postulated that attributes of a technology such as complexity, consistency with
existing values and needs, trialability and visibility of results tend to influence technology
adoption decisions. This therefore implies that a particular innovation may be preferred by an
adopter in a particular situation while this may not be that case for another potential adopter
facing different circumstances. Adoption of technology may not offer equal utility for everyone
due to disparities in access to resources, preferences and societal values (Hillbur, 1998). A study
in Burkina Faso and Guinea showed that the characteristics of new sorghum and rice varieties
such as yield, food quality and tillering capacity had a significant influence on the adoption of
the varieties promoted (Adesina and Baidu-Forson, 1995). The study concluded that varieties
that were perceived to give better yields than local varieties had a better chance of being
adopted. This suggests that good characteristics promote positive farmer perception of a

technology which can enhance diffusion from farmer-to-farmer.

Leathers and Smale (1991) noted that agricultural innovations are often promoted as a package.
Many farmers have shown incremental technology adoption patterns through modifying the
package and adopting components of the package. This is mainly because of capital scarcity and
risk considerations as farmers try to learn more about the entire technology (Smale et al., 1995;
Mazvimavi et al., 2008). Thus, different households have different patterns of adoption of a
given technological package (Morales and Perfecto, 2000). Complementarity of new

technologies with existing ones has been shown to influence adoption decisions in West Africa.
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Despite mechanised processors having been developed long before the introduction of improved
cassava varieties in Nigeria, farmers only became aware of the profitability of using the
processors when the two technologies were used together leading to enhanced adoption
(Johnson and Masters, 2004). Doss and Morris (2001) suggest that gender has an indirect effect
on adoption rates through the ability to access sufficient complementary inputs. Women farmers
have been found to give priority to food crops than cash crops based on their productive role as

providers of food (Valdivia, 2001).

A study by Quinn et al., (2003) has shown that the probability of adoption of soil fertility
management technologies is enhanced if they contribute directly to immediate livelihood
requirements. Studies on legume-based soil fertility technologies revealed that some nitrogen-
fixing trees were less preferred by farmers since the grain could not be consumed or sold whilst
in some places farmers perceived that the trees took out land which could be used for cultivating
food or cash crops (Schulz et al., 2003). However, dual purpose grain legumes were readily
accepted as they provided food as a vegetable or pulse crop besides improving soil fertility
(Schulz et al., 2003; Mtambanengwe and Mapfumo, 2005). These grain legumes are usually
rotated or intercropped with cereals due to their significance in supplementing household dietary
needs (Rusinamhodzi et al., 2006). The successful introduction of conservation agriculture (CA)
to cotton production systems in Zambia led to a significant adoption of the technology among
many farmers (Tschirley et al., 2004). This implies the inclusion of high valued crops in
promoting soil fertility enhancing technologies may widen the applicability of ISFM

technologies to different farming scenarios thus enhancing adoption.

2.6.2 Adoption as influenced by the prevailing institutional environment

Institutions are normally defined as mechanisms of social order governing the behaviour of a

group of individuals within a specific community. Provision of infrastructure such as roads,
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physical markets and effective communication services reduces transaction costs and enables
farmers’ access to markets. This implies that the policy and institutional environment in which
farmers operate has a bearing on their decisions with regards to adoption of improved
technologies (Ajayi et al., 2007). The relative profitability and net returns of soil fertility
technologies may be compromised by national and international trade policies thus influencing
their adoption (Mekuria and Waddington, 2004). Generally, prevailing producer prices, interest
rates on capital, cost and level of subsidies on fertiliser determine the relative returns to
investment and adoptability of soil fertility enhancing technologies (Ajayi et al., 2007). Having
the appropriate agricultural equipment or inputs timely and at affordable prices has always been
a challenge to most smallholder farmers due to high transaction costs and risks that characterise

agricultural research and development (SSA CP, 2008).

Access to markets and credits has been identified as a major constraint on the technology supply
side. Smallholder farmers often face difficulties in accessing agricultural credits as financial
institutions are generally reluctant to lend due to poor collateral and lack of information on the
creditworthiness of the borrower (Croppenstedt et al., 2003). Women farmers are at a greater
disadvantage than their male counterparts as they usually have very limited access to financial
and social capital, market information and productive resources such as land (FAO et al., 2012).
In Western Kenya, distance to markets had a significant negative influence on the adoption of
inorganic fertilisers (Alene et al., 2008). The study concluded that this could be related to

relative transaction costs that increase in the acquisition of inputs and marketing of produce.

Adequate and timely extension services expose farmers to new technologies and their potential
benefits (Abdulai and Huffman, 2005). Extension services augment the deficiencies in the
farmers’ formal education thus enhancing their knowledge on certain agricultural issues and

enabling them to make informed decisions with regards to the available technologies and
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improved practices. Farmers are advised on how to undertake soil fertility improvement
technologies that require precision in terms of time of application, rate, type of fertiliser and
method of application (Singh, 1988). However, Pannell (1999) argues that extension advice is
never a substitute for personal trialling and the heterogeneity of smallholder farming systems
consistently makes the use of blanket extension recommendations difficult. Other studies also
assert that the integrity of extension advice might also suffer in situations where
recommendations are out of context with farmers’ circumstances (Oluoch-Kosura et al., 2001).
This literature seems to suggest that an enabling policy and institutional environment is

fundamental if any new innovation has to generate context-specific solutions for impact.

2.6.3 Adoption as influenced by the farmers’ socio-economic characteristics

Household and farm attributes such as gender, age, education level of household head, active
labour, farm size, number of livestock, food security among many other factors have been
widely documented as major determinants of the decision to adopt agricultural practices
(Neupane et al., 2002; Chianu and Tsujii, 2004; Mugwe et al., 2009). More education enhances
farmers’ comprehension of concepts and principles of improved technologies and allows them to
effectively weigh the benefits and risks of adopting such technologies (Nkonya et al., 1997;
Rahman, 2003). There are contrasting views about the effect of age on the adoption of improved
technologies as different studies have shown age to influence adoption both positively and
negatively (Odera et al., 2000; Gockowski and Ndoumbe, 2004; Farouque and Takeya, 2007,
Mugwe et al., 2009). The positive influence has been attributed to the knowledge, resources and
skills acquired by older farmers that might enhance their perception and adoption capacity
(Farouque and Takeya, 2007). On the other hand older farmers may not be willing to invest in

completely new innovations that might expose them to greater risks (Khanna, 2001).
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Family size can provide a pool for active labour but, a large family may also imply insufficient
resources to finance adoption of new techniques. Labour was found to have a positive influence
of improved fallows of leguminous trees for soil fertility improvement in Zambia (Keil et al.,
2005). The ability of farmers to hire additional labour was also found to promote the adoption of
ISFM practices in the central Highlands of Kenya (Mugwe et al., 2009).These results were
consistent with findings by Oluoch-Kosura et al., (2001) who observed that availability of full-
time labour positively influenced the use of manure and fertiliser technologies. However, within
the same study a bigger family negatively influenced investment in soil fertility management by

constraining disposable incomes and resource allocation behaviour.

Farmers are often reluctant to adopt technologies that expose them to greater risks and must also
be convinced that the new technology will address their socio-economic and livelihood needs
(Napier et al., 1991; Pannell, 1999). Reviews on the diffusion of new technologies show varying
technology adoption abilities that decrease with an increase in the farmer’s socio-economic
constraints (Bationo et al., 2004). Soil fertility technologies that require substantial levels of
external inputs and farm-level investment remain a preserve for the more resource-endowed, as
community members who are resource-constrained have little capacity to adapt (Mtambanengwe
and Mapfumo, 2005). In Botswana, the availability of income enhanced a household’s capacity
to adopt improved technologies but, higher incomes were also found to promote off-farm instead

of on-farm investments (Reardon et al., 2000).

There is also strong evidence that even for innovations oriented towards resource conservation,
economic considerations are the most important determinants of actual adoption decisions
(Napier et al., 1991; Cary and Wilkinson, 1997). Risk aversion in farmer’s soil fertility
management decisions tends to override decision making processes regarding crop mix and soil

fertility management practices (Rogers, 1995; Marra et al., 2001). African farming systems are
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highly heterogeneous: between agro-ecological and socio-economic environments, in the wide
variability in farmers’ resource endowments and in farm management (Giller et al., 2011). This
means that single solutions (or ‘silver bullets’) for improving sustainable food security and
livelihood options do not necessarily exist. Subsequently, this has generated scope for evaluating
differential technology impacts on households participating within field-based learning alliances

with a particular focus on how smallholders are heterogeneous and resource-constrained.

Social perceptions, which are a function of personality and culture, are mostly based on
experiences and knowledge and play a significant role in the adoption of new technologies
(Islam, 1990; Gurung, 2003). Generally, people are selective and tend to readily accept
messages consistent with their pre-existing attitudes and beliefs (Gurung, 2003). For example, in
Mozambique, customary arrangements with respect to the planting of trees often selected against
certain groups such as women, tenants and migrants, who found no value in adopting trees for
long-term investments in soil fertility management. This was because trees symbolised evidence

for claiming ownership of land under such customs (Unruh, 2001).

Although spatial proximity among smallholders can facilitate copying the neighbour’s ways
(Shampine, 1998), several studies have considered the influence of social capital on the adoption
of technologies (Swinton, 2000; Isham, 2002; Bandiera and Rasul, 2006). Lule et al., (2007)
defines social capital as the ties, networks and linkages between individuals, groups and
communities that bind and bridge society. Social capital enables farmers to co-operate, co-
ordinate, share information and resources, and act collectively (Swinton, 2000). Farmers may
update their own prior perceptions and attitudes basing on successes observed from
neighbouring farmers (Conley and Udry, 2001). Pomp and Burger (1995) demonstrated that the
peer group effect was significant in influencing the dissemination of new technologies for cocoa

production in Indonesia as other farmers copied early adopters within their network. Elsewhere,
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a study to analyse whether individual adoption decisions on new sunflower production
techniques were dependent on the choices of neighbouring farmers in the same social network,
showed that the network effect was only stronger among farmers who regularly shared
information with others (Bandiera and Rasul, 2006). However, these social interactions can

generate both positive and/or negative attitudes toward an innovation (Nkamleu, 2007).

However, there is yet to be consensus over some variables which have a positive influence on
adoption in one study at the same time observed to yield a negative influence elsewhere. The
general pattern of most adoption studies is the focus on factors that enhance or impede eventual
adoption and not the actual mechanisms involved in adoption process per se. This generates
scope for understanding the dynamic adoption process through the actual mechanisms that drive
innovation among farmers rather than only focussing on individual household and farm

characteristics.

2.6.4 Adoption as influenced by familiarity with technology

Rogers (1995) asserts that farmers have to be first aware of the existence of an innovation before
they can actually seek to know how much of the technology to use, its correct use and how it
operates. This implies that adoption of an improved technology requires that farmers have
adequate knowledge of what it is, how it is done as well as their perception of consistency with
already existing practices (Pannell, 1999). However, the acquisition of knowledge is a social
process that involves sourcing and sharing information (Rogers, 1995). Farmers become aware
of technologies as information is disseminated from the point of origin to end-users through a
medium such as news media, extension advice on-farm or on-station demonstrations and
farmers’ field days (Rogers, 1995; Conley and Udry, 2001). Ultimately, this information will
lead to the formation of positive or negative attitudes which play a critical role in influencing the

adoption of a particular technology.
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An emerging school of thought is that farmers’ innovation decisions do not only hinge on
economic or personal benefits, but are also influenced by the level of social interactions they
maintain among themselves, or with other farmers and other players along agricultural value-
chains (Hartwich and Scheidegger, 2010; Mashavave et al., 2013). It is through group sessions
such as field days, farmers’ workshops, exchange visits among many that farmers are able to
acquire information and knowledge on improved innovations as they exchange views and share
their own experiences with others (Hagmann et al., 1998; Bandiera and Rasul, 2006; Mashavave
et al., 2013). The action of farmers and their decision-making abilities given the level of
knowledge and information that is available to them sustains agricultural innovation (Rahman,

2003; Boz and Ozcatalbas, 2010).

Interrelationships among stakeholders have been shown to be central in addressing problems
associated with natural resource management (Krishna, 2001; Pretty and Ward, 2001; Adler and
Kwon, 2002). The introduction of a new innovation may result in a change to the existing social
network structure of farmers or the formation of entirely new networks (Barley, 1990). Social
networks can be built on similar attributes or affiliations, social relations, interactions and/or
resource/information flows (Borgatti et al., 2009; Grosser et al., 2010; Mashavave et al., 2013).
Interaction between players can be intended and purposeful or can be unintended and more or
less constrained by factors external to the actors (Brass, 1995a; Dunne et al., 2002). The strength
of these social connections is a function of time, intimacy, emotional intensity and reciprocity
(Granovetter, 1973; Estrada, 2007). There has been little or no research that has attempted
exploring how smallholder social networks can influence ISFM technology uptake in sub-

Saharan Africa.
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Familiarity with a technology may not necessarily lead to its adoption especially when target
beneficiaries do not consider it relevant to their situation. The uncertainty created by the
introduction of an innovation usually diminishes when the information about the technique is
made available giving possibilities to solve an individual’s perceived problems (Rogers, 1995).
Some farmers rely on their own experiences as a source of knowledge and information but,
some variation is likely to occur between farmers who have had an experience with a technology
versus those seeing it for the first time (Boz and Ozcatalbas, 2010). A study in Uganda found out
that farmers who had been involved in agroforestry for longer periods had more knowledge of
Alnus pest which influenced their choice of species to cultivate (Nyeko et al., 2002). This
suggests that farmers who have practical experience on ISFM technologies from own
experimentation or through observing nearby farmers will exhibit different adoption behaviour

than their peers.

Experimentation through trial-and-error enables the farmers to assess the value of innovations
while improving their ability to make informed decisions (Marra et al., 2001; Kosgei and Jewitt,
2006). Kaliba et al. (2000) also advocates for research and extension policies that promote
farmer participation in research processes and participatory evaluation of on-farm field trials and
demonstrations. However, smallholder framers are usually unwilling to absorb the costs of
practical experimentation and base their adoption decisions on experiences from early adopters
(Bardhan and Udry, 1999). On the other hand, some studies concluded that information gained
from own experience maybe more valuable than that gained from others given heterogeneity in
skills and resources across farmers and the incomplete transmission of information (Foster and
Rosenzweig, 1995; Munshi, 2004). This implies that exposing smallholder farmers to field-
based co-learning processes may enhance their awareness on ISFM technologies and the

likelihood of adoption.
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2.7 How current literature on adoption informs ISFM technology development

Researchers in disciplines such as sociology, geography and anthropology may be required to
analyze additional factors conducive to the dissemination and uptake of improved ISFM
technologies. There may be a need to integrate both qualitative and quantitative methodologies
of research. There has been limited work on trying to understand the soil fertility management
problem from the perspective of the smallholder farmers hence, researchers and extensionists are
often faced with the challenge on how to promote widespread adoption of new and improved
technologies. Much of the literature seems to suggest a need to enhance farmers’ capacities to
participate in research, experimentation and evaluate innovations as applicable to their context.
The literature also suggests that adoption is a collective process consisting of embedded
networks of interdependent stakeholders. This entails strengthening partnerships between
researchers, extension agencies, farmers and other agricultural service providers as co-learners
and co-researchers, in ways that promote innovation and sustainable adoption. It is in this
context that SOFECSA’s field-based learning centres are justified for wider evaluation. By the
same reasoning, PAR may also be an appropriate tool to empower smallholder farmers and
enhancing their critical analysis skills for improved adoption of ISFM technologies. However,
there is paucity of empirical research on the effectiveness of collective action learning processes
in promoting social learning among key agro-stakeholders. This knowledge gap is especially
wider with respect to understanding of soil fertility management technology adoption among

smallholder farmers.

2.9 Analysis of technology adoption in literature

Farmer’s adoption decisions of new technologies are normally built on the assumption that

adoption of a technology will maximise their expected utility (Rahm and Huffman, 1984). By
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implication, smallholder farmers adopt ISFM innovations if the expected value of benefits from
introduced technologies exceeds value of benefits from current practices. The dependent
variable is a binary choice: to adopt (= 1) or not adopt (= 0) a technology. A number of
empirical models have been suggested to explain farmers’ choices with regards to adoption of
technologies. Examples of such models used in rational adoption-decision models include, but
not limited to Linear Probability Models (LPM), binary logistic and probit models (Aldrich and
Nelson, 1984; Maddala, 1993; Baidu-Forson, 1999). Linear probability models generally use
Ordinary Least Squares (OLS) estimates for making predictions hence are not suitable for
limited values of dependent variable (Maddala, 1993).Gujarati (1996) also asserted that LPM is
not a good option in modelling rational decision choices as the models are affected by a number
of problems including heteroscedasticity, lower R? values in general and possibility of the

predicted value lying outside the acceptable probability range (0-1).

The logistic and probit models use maximum likelihood estimation (MLE) procedures to give
unbiased and efficient estimates of the probability that the dependent variable will take on the
discrete values (Agresti, 1996; Tiwari et al., 2008; Mugwe et al., 2009). Generally, MLE finds
the function that maximises the ability to predict the probability of the dependent variable based
on what is known about the independent variables (Amemiya, 1981). A major limitation with
logistic and probit regression models is that they tend to overestimate beta-coefficients when the
sample size is less than about 500. However, in a single study, this overestimation might not
have any relevance on interpretation of results since it is much lower than the standard error of
the estimate (Agresti, 1996). Maddala (1993) argue that there is no single theory of causation
that can fully capture the different dimensions of farmer decision-making processes. This

therefore implies that the choice of the model depends largely on the nature of study.
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2.8 Conceptual framework

The conceptual framework of this study (Figure 2.1) was guided by the innovation-decision
process as postulated by Rogers (1995). As farmers access and share available empirical
information and knowledge on promoted ISFM technology options, they become more
knowledgeable about the new techniques (Pannell, 1999). Evaluation of the risks and benefits of
the new technologies will subsequently lead to the formation of attitudes towards the
technologies and these can either be positive or negative. Ultimately, the farmers end up
deciding on whether or not to adopt the technology (Rogers, 1995). However, this dissemination
process from the source to potential end-users is to a large extent influenced by the socio-
economic and demographic attributes of the user (Neupane et al., 2002). Other similar studies on
adoption decision behaviour by farmers generally indicate that the pattern can be modelled
through the use of binary choice (discrete or dichotomous) models (Tiwari et al., 2008; Mugwe
et al., 2009). These are generally used to assess the presence or absence of a variable of interest.
The binary logistic model has been widely used in different adoption studies (for example

Chianu and Tsujii, 2004; Mugwe et al., 2009) and thus was adopted in this study.
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Figure 2.1 Diagrammatic Presentation of the Conceptual Framework for Understanding the Influence of Co-learning Processes on Innovation-decision
Cycle at Field-based Learning Centres in Nyahava Community, Eastern Zimbabwe. Adapted from Neupane et al. (2002)
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CHAPTER 3

Methodology

3.0 Introduction

A brief description of the study area including the current agricultural production practices is
given in this chapter. Selection of target villages as well as establishment of learning alliances
around field-based integrated soil fertility management (ISFM) learning centres is deliberated
on. A concise description of sampling procedures is also described culminating into an outline of
data collection methods used in this study. The chapter ends by giving an analytical framework

with respect to each of the specific objectives as highlighted in Chapter 1 of this study.

3.1 Site description

This study was conducted under the auspices of ongoing SOFECSA ISFM initiatives in

Chinyika smallholder farming community, eastern Zimbabwe since the year 2007.

- Nyahava ward
I:l Makoni district
10 0

10 Kilometers
|

Figure 3.1 Map Showing the Location of Nyahava Ward of Makoni District, Eastern Zimbabwe
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The study was conducted in the smallholder farming community of Nyahava ward located in
Chinyika East (18'12°S 32°24°E) of Makoni district, in eastern Zimbabwe (Figure 3.1). The area
was opened by the Government of Zimbabwe in 1983 using what was called Model A of
resettlement (Bratton, 1994). The model was characterised by individual settlement in nucleated
villages with individual land allocation and communal grazing. Each settler was allocated 6 ha
of arable land and a grazing right to de-pasture 4-10 livestock units depending on agro-
ecological region (Chisora, 2006). The settlers were drawn from areas as far as Dorowa, Buhera,
Romsley, Chivhu in Manicaland and Mashonaland East provinces among others typically
characterised by high population densities, erratic rainfall and poor soil fertility. Makoni district,
in Manicaland province, is about 170 km east of Harare, and covers the country’s agro-
ecological regions or Natural regions (NR) Il to NR IV. Natural Region Il receives mean annual
rainfall of ~800 mm while NR IV receives the least precipitation averaging 450-600mm (Sayce,
1987). The soils are predominantly granitic sands (Lixisols and Arenosols) with challenges of
low soil organic carbon and inherently poor nutrient supply capacity (Nyamapfene, 1991; FAO,

1998).

Agricultural production in the study area

Years before the resettlement programme, the area had a large-scale commercial farming system
dominated by extensive livestock and tobacco farming. Currently, dominant crops include maize
(Zea mays L.) and grain legumes that include groundnuts (Arachis hypogaea L.), cowpea (Vigna
unguiculata [L.] Walp) and Bambara groundnuts (Vigna subterranea [L.] Verdc.) with a strong
livestock component, particularly cattle. Tobacco (Nicotiana tobacum L.) is the main cash crop

grown in the area mostly under contract farming (Mtambanengwe and Mapfumo, 2005).
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3.2 Selection of villages and formation of farmer learning alliances

Villages 19, 20 and 38 of Nyahava ward were deliberately targeted for the study. The average
number of farming households per village was 45. Village selection was primarily based on
existing background information on farmer groups, production trends of the staple maize, as
well as on institutions and organisations supporting farmers on markets. Local leaders, extension
agents, and other key informants came up with further criteria for village selection that included:
(i) previous interaction with SOFECSA including existence of ISFM-based learning centres; (ii)
accessibility in terms of road infrastructure and proximity to community members; and (iii)

evidence of some level of commercial orientation to agricultural production.

During the initial implementation phases of PAR, field-based ISFM farmer Learning Centres
were established for participatory experimentation, evaluation and co-learning among farmers
and stakeholders. These learning centres were established with the facilitation of SOFECSA lead
researchers with the involvement of national extension agents; Agricultural, Technical and
Extension Services (AGRITEX). However, following training of extension agents and farmers
on principles and concepts of ISFM, local committees took over the role of establishing more
learning centres whilst the researchers played a catalytic role (Mtambanengwe and Mapfumo,
2009). The underlying assumption was that translation of ISFM empirical knowledge into action
through PAR approaches, would lead to enhanced uptake of the technologies subsequently
leading to higher crop yields and marketable surpluses among smallholder farmers. Joint
visioning exercises and participatory action planning (PAP) meetings were held in each of the
targeted villages, prior to the 2009/10 cropping season. These activities were meant to identify
and establish shared vision among farmers and various agro-stakeholders across disciplines on
the underlying causes of declining agricultural productivity and how this was linked to low and

declining soil fertility.
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This led to the formation of farmer groups on a voluntary basis to participate in ISFM field-
based learning alliances (PAR participants). Sixty-eight (68) farmers volunteered to participate
in the established learning alliances. Farm-level adaptive testing and evaluation of the promoted
ISFM technologies/innovations were conducted at selected learning centres in the 2009/10 and
2010/11 cropping seasons within each of the villages, in comparison to traditional farmer
practices. Separation of the groups in the learning alliances was by resource endowment
following criteria developed by Mtambanengwe and Mapfumo (2005). The farmers were

categorised according to resource group (RG) as shown in Table 3.1.

Table 3.1 Descriptive criteria for smallholder farmer resource group classification in Nyahava,
Zimbabwe

Resource Category Major attributes

Resource-endowed (RG 1) Owners of basic farming implements (e.g. a plough, ox-cart)
e High livestock ownership with >10 cattle and at least 2 oxen
o Relatively high capacity to secure inputs
e Most of the farmers have regular contact with extension
e  Often have access to credit facilities

Intermediate (RG 2) e  Varying but limited resource base
e Limited access to credit
e No regular pattern of hiring-in or hiring-out labour
e Seek to enhance their production through collective social arrangements and
active involvement with extension services

Resource-constrained (RG 3) Relatively low resource base and have difficulties in conducting general

farming activities

e Lack of draught power (0-3 cattle) and lack of cash to buy inputs

e Usually not a member of social groups and often shy away from community
meetings

e  Often hire-out labour to the other two groups

e Dominated by women

Adapted from Mtambanengwe and Mapfumo (2005)

A counterfactual group of 70 non-PAR participant farmers was drawn from some villages in
Maire ward situated approximately 30 kilometres from Nyahava where no SOFECSA

innovations had been tested. Prior to the interventions, the two places generally shared a number
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of characteristics and the farmers operated under similar circumstances. These non-participant
farmers were also clustered by resource endowments. This counterfactual group provided for the
sampling frame from which the random sample of non-participants was drawn for questionnaire

administration in 2011.

3.3 Random sampling method

The sample size was largely limited by the number of farmers who had volunteered to
participate in the established field-based learning alliances (68). Name lists for the PAR and
non-PAR participants were entered in the computer using Microsoft Office Excel 2007 on
separate spreadsheets (Rossi et al., 2004). Six spreadsheets were used: three for learning alliance
participants grouped as RG 1, RG 2 or RG 3 and three for non-participants also clustered by
resource groups. By entering =RAND() command on the column adjacent to the name list on
each of the working sheet, random numbers were generated for each entry between 0-1.
Applying the sort function the names and the generated numbers were randomly sorted (Rossi et
al., 2004). This was meant to produce statistically representative samples from the learning
alliance participant and non-participant farmer groups. Random samples were then drawn for

each sub-stratum from each of the sorted lists as shown in Table 3.2 below:

Table 3.2 Composition of stratified random samples for questionnaire administration in
Chinyika, eastern Zimbabwe 2011

Farmer resource group Learning alliance participants Non-participants

(n=30) (n=40)
RG 1 9 9
RG 2 11 14
RG 3 10 17
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The community generally had few farmers in the resource-endowed category hence the smaller
numbers in the sample. The other two groups (RG 2 and RG 3) had more farmers hence more
individuals in the sample. Smaller samples have the effect of reducing the efficiency of logistic

models. However, a minimum of ten cases per variable are acceptable (Agresti, 1996).

3.4 Primary data collection

Both qualitative and quantitative assessments (Bamberger, 2000; Bellon, 2001) were used to
establish factors likely to influence participation of farmers in field-based learning alliances as
well as their uptake of soil fertility technologies under promotion. Key methods used for
qualitative assessments included focus group discussions, key informant interviews, informal
interviews and direct observations. Information gathered from these sources included farmer
perceptions on agricultural production trends and possible reasons for observed trends;
perceptions on field-based Learning Centres introduced by SOFECSA; interaction patterns for
access and sharing ISFM knowledge and information; perceptions on promoted ISFM

technology options; general agricultural issues among many other issues.

For quantitative assessments, a questionnaire (Appendice 3) was administered in 2011 to the
stratified random sample of 70 smallholder farmers drawn from the learning alliance participants
(n=30) and a counterfactual sample of non-participants (n=40). Issues addressed in the
questionnaire included general household explanatory variables, crop production, social capital,
food security, income levels, information/knowledge access and sharing pathways, and use of
ISFM technology options. Pre-testing of the questionnaire was done with a team of selected
enumerators to ensure accuracy and precision in the administration of questions. To ensure
reliability and minimise bias of the data, questionnaire interviews were targeted at the household
head or his/her proxy mature enough to provide the relevant information. Administered

questionnaires were checked for any missing information or ambiguous responses, including
38



making follow-ups where necessary, before leaving the study area and commencement of data

entry into the Statistical Package for Social Science (SPSS version 16.0 of 2007) software.

3.5 Analytical framework

Data were analysed by first generating descriptive statistics of interviewees and secondly
logistic regression analysis for factors influencing farmer participation in learning alliances. The
Pearson Chi-square statistic was used to test for association between categorical variables while
paired T-test was applied for testing differences in the means of quantitative variables between
the two groups of respondents (learning alliance participants and non-participants) (Gujarati,
1996). To assess farmer interaction patterns with regards to access and sharing of ISFM
information and knowledge UCINET 6 software for social network analysis was employed

(Borgatti et al., 2002). Differential ISFM benefits were assessed using gross margin analysis.

3.5.1 Determinants of farmer participation in knowledge sharing alliances

Local extension agents and key informants came up with criteria for distinguishing ISFM
learning alliance participants from non-participants. Participants were found to be: (i) using
combinations of inorganic and organic fertilisers; (ii) increasing use of locally available nutrient
sources such as woodland litter and termitaria soil; (iii) appreciating legume-cereal rotations;
(iv) matching plot sizes to the available soil nutrient resources; (v) making particular selection of
crop cultivars/varieties and (vi) staggering planting of crop varieties as well as crop
diversification. By inference, the participants satisfying these criteria were viewed as adopters of

ISFM technologies.
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The catalogue of promoted ISFM technology options by SOFECSA in Nyahava since the year
2007 comprised of: animal manure, compost (sole or in combination with organic fertilisers),
legume-cereal rotations, legume-cereal intercrops and Rhizobia inoculation of legume seed.
Woodland litter and legume green manure were also considered important sources of organic
matter, while termitaria soil was a common amendment (Nyikahadzoi et al., 2012). In this study
the logistic regression model was adopted to determine the factors likely to influence the
different ISFM technology options promoted. Technology adopters were defined as: 1) ISFM
adopter as that farmer found to be using at least four catalogue components singly or in
combination; 2) termitaria adopter using termite mound soil; 3) organic fertiliser adopter as that
farmer using at least two components from animal manure, woodland litter or compost; and 4)
legume adopter as that farmer using at least two components from legume-cereal rotations,
legume-cereal intercrops, Rhizobia inoculation of legume seed or green manuring with

sunnhemp (Crotalaria juncea L.) in their main fields.

According to Agresti (1996), the functional form of logistic model was specified as:
In [Py / (1-Py)] = Bo + P1X1 + BoXo +ereeieiin. BrXki

Where:

— Py is the probability of an event occurring for an observed set of variables X;, that is,
the probability that the farmer participates in ISFM learning alliances and (1-Py) is
the probability of non-participation.

— Po IS the intercept term, and P, B2 ...... Bk are the coefficients of the independent
variables Xy, Xo........ K.

— the subscript i is the i observation in the sample

The choice of independent variables for the logistic models was informed by working

hypotheses suggested by general economic theory and empirical findings from similar studies.
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Household variables (including respective codes used in this study) hypothesised to influence
smallholder farmers’ participation in field-based learning alliances are outlined and briefly
described in Table 3.3.

Sex of household head (code = Gender) implicitly suggests decision-maker of the
household. Research suggests that male-headed households in developing countries have
relatively higher access to resources and information than female-headed households thus giving
them greater capacity to adopt technologies (Kaliba et al., 2000). This implies male-headed
households are likely to have a higher probability of adopting ISFM practices than the female-
headed households.

Age (Age) generally implies farming knowledge and experience gained with years of
farming practice and as farmers acquire more experience, their ability to process and utilise new
information improves (Feder et al., 1985; Adesina et al., 2001). Generally, it is believed that
higher education (Educ) influences a farmer’s ability to perceive, interpret and quickly respond
to new information (Nkonya et al., 1997; Rahman, 2003). Adoption of knowledge-intensive
concepts and principles of technologies such as ISFM requires precision in the application of
different fertiliser options in terms of timing and quantities (Mapfumo et al., 2013). Education
level is therefore expected to have positive influence on farmer uptake of introduced
technologies.

Family labour (Labour) has been identified as one of the most important inputs in
smallholder farming systems (Elad and Houston, 2002) herein calculated as the number of
household members aged between 16 to 58 years. This age group consists of family members
who can actively contribute to farm activities. Some ISFM technologies such as the use of
woodland litter, cattle manure and termitaria soil are labour intensive (Pali et al., 2003), thus it is
hypothesised that insufficient labour will most certainly limit adoption of labour-demanding

technologies.
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Table 3.3 Household factors hypothesised to influence adoption of ISFM technology options by smallholder farmers in Chinyika, eastern Zimbabwe

Independent Variables Code Measure Rationale

Sex of household head Gender 1=male, O=female Female farmers tend to have limited access to requisite information and resources
Age of household head Age Years Farmer’s experience increases the likelihood of understanding ISFM benefits
Level of Education Educ 1=formal education, O=informal Education enhances understanding of new ISFM concepts and principles

Labour availability Labour Active labour force (16-58 years) Availability of labour enhances capacity to adopt ISFM technologies

Arable land Arable Hectares Large farm size increase the probability of adoption of ISFM

Ownership  of farming Oxplough
implements

Livestock ownership Livest

Membership in learning Colearn

alliances
Social capital Scap
Distance to input market Fertdist

Number of ox-ploughs owned

Number of cattle owned

1= participant, 0= non-participant

Social capital

Kilometres

Auvailability of farming equipment enables timely operations

Livestock availability improves manure availability, draught power and provides an alternative
income source for the acquisition of inorganic fertilisers

Trained farmers apply acquired knowledge and skills in their farms

Social capital enhances access and sharing of ISFM information

Large distance to input markets reduces the likelihood of adoption of ISFM

42



Larger arable land size (Arable) avails opportunity to the farmer to maintain their
traditional way of farming whilst experimenting with new options on other land portions hence
expected to enhance the likelihood of adoption of ISFM technologies (Feder et al., 1985). There
is a general decrease in adoption capacities with an increase in resource constraints
(Mtambanengwe and Mapfumo, 2005), hence it is anticipated that the more resource
endowments (Assets) a household has the higher the probability of ISFM technology uptake.

Livestock (Livest), especially cattle, are an important source of manure and draught
power among smallholder farming communities. Farmers who own livestock can sell some and
use proceeds to procure inorganic fertilisers which can be used singly or in combination with
locally available nutrient sources. Expectations are that livestock ownership has a positive
influence on farmer uptake of ISFM innovations promoted.

Household membership in an ISFM knowledge-sharing alliance (Colearn) is a dummy
showing the treatment effect of mobilising farmers into alliances formed around ISFM field-
based learning centres. Expectations are that as smallholder farmers access and share available
empirical ISFM information and knowledge in learning alliances, there would be a positive
change of perceptions and attitudes leading to enhanced technology uptake.

Social capital (Scap) is a proxy (computed by summing frequency ratings of interactions
between the farmer and other local farmers and outside community including service providers)
signifying farmer interactions with peers or external agencies. This exposes them to a wide
range of ideas and information which may force them to form positive or negative attitudes
towards an innovation (Bandiera and Rasul, 2006; Mashavave et al., 2013). Thus direction of
influence on technology adoption is uncertain.

Distance to major market for inorganic fertiliser (Fertdist) was used as a proxy for access
to input markets. Transaction costs increase with distance of a household from market (Abdulai

and Huffman, 2005); hence distance to market is expected to impact negatively the uptake of
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ISFM technologies involving use of inorganic fertilisers used singly or in combination with

organic resources.

3.5.2 Smallholder farmer interaction patterns for information sharing

In order to explore the potential of smallholder farmer social networks in enhancing access and
sharing of ISFM information and knowledge, Social Network Analysis (SNA) was adopted in
this study. The SNA framework and data collection was guided by social network literature
(Borgatti et al., 2002; Borgatti, 2006). Most researchers prefer using resource flows to explain
the impact of social networks (Podolny, 2001) by employing proxies such as frequency and/or
intensity of interactions as actual transfers within networks are rarely measured (Borgatti and
Cross, 2003). In the pre-SOFECSA phase, access to agricultural information by smallholders in
the study area was predominantly through national extension agents, regarded the major source
of post-1980 agricultural information being used currently by most farmers (Mashavave et al.,
2013). Linked ISFM information sources and platforms from both participant and non-
participant farmers were tracked using snowballing methods with the farmer as the focal actor
(ego in network analysis) and his/her alters (other actors with whom ego has direct
relationships) (Borgatti, 2006). Full network methods were not employed in this study because
of the cost implications in tracking every actor in the network and also the problem of isolated
actors (pendants) who may not be beneficial to the whole network (Borgatti, 2006; Kilduff and
Brass, 2010). While snowballing techniques may not reveal all the stakeholders within the
network they are affordable and sociometric measures can be applied with ease to identify
central players (Borgatti, 2006). Generation of additional qualitative information was done using
techniques such as participatory observation of recurrent interactions, group discussions,
document analysis, and key informant interviews particularly with all regular participants in the

field-based learning alliances (Bernard et al., 1984; Sasovova et al.,, 2010). Typical data
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collected included perceived information pathways among the smallholder farmers, their level of
participation at Learning Centre activities, and limitations to successful information access and

sharing among many other issues.

Sources and platforms for access and sharing of ISFM information and knowledge among both
farmer groups were identified by capturing their horizontal and vertical social connections
(Scott, 2000). Only ‘human’ sources of information and knowledge were asked to identify their
ties whilst other ‘non-human’ sources were recorded as given by the farmer (ego) (Mashavave et
al., 2013). The sample of non-participants (counterfactual group) was drawn from where no
SOFECSA activities had been conducted to counter contamination in the interaction map for
non-participants. This ego-network survey was meant to capture the changes, if any, in the

interaction patterns and players in the presence or absence of a new innovation.

Social network analysis (SNA) was then used to analyse the collected data for both groups using
UCINET 6 software firstly by constructing typical interaction maps (socio-grams) for both
farmer groups using NetDraw in UCINET (Borgatti et al., 2002). Sociometric measures were
then applied to the observed network structures in order to identify key players as well as
assessing the level of connectedness of the smallholder farmers. Centrality indices are generally
used to quantify the importance of actors within a social network and this is based on the notion
that all actors are not equally important for dynamics and stability of the system (De Nooy et al.,
2005; Estrada and Bodin, 2008). Social network analysts have developed a variety of
sociometric measures of centrality among them degree centrality, betweenness centrality,
closeness centrality to assess the importance of an actor within a particular network (Namba et
al., 2008). Degree centrality index determines an actor’s connectivity to other network partners;
betweenness centrality measures an actor’s influence whilst closeness centrality measures the

ability of a player to quickly send and receive information (communication efficiency)
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(Freeman, 1979). Thus closeness centrality indices were used for this study to assess the
communication efficiencies of observed farmer networks and as a proxy to the role of farmer
social networks in the adoption decision process of improved ISFM options (Brass, 1995a;

Kilduff and Brass, 2010).

Closeness centrality (CC) measures the rate of spread of information from a central actor i to all
other actors within the network sequentially (Mashavave et al., 2013). Closeness centrality of i is

calculated as:

cC;

Il
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N—————

j=Li#j

Where
- nis number of actors, and
- dj is the shortest distance (geodesic distance) between actors i and j measured in number

of connections/ties.

Closeness centrality is calculated as the inverse of the sum of the shortest distances between
each actor and every other member in the social network (Freeman, 1979; De Nooy et al., 2005).
The underlying assumption here is that whatsoever flows through the network only moves along
the shortest available paths. In essence, the implication is that actors with low CC values
generally have the least potential to affect other actors within the network and the reverse is true
(Borgatti, 1995). For the purposes of comparison the CC assessments in this study were mostly
limited to common information sources and platforms between learning alliance participants and

non-participants (Mashavave et al., 2013).
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3.5.3 Assessing differential integrated soil fertility management benefits

Partial budget analyses were employed to assess the viability of adopting legume-cereal
rotations compared to conventional farming practices. This was informed by the observation that
among the number of technologies promoted, the adoption pattern tended towards legume-cereal
rotations with groundnuts being the dominating grain legume. Non-widespread production of
cowpeas was mainly due to: (i) non-availability of seed; (ii) susceptibility to insect pests such as
aphids and (iii) poor storageability of the grain due to weevils. This made the inclusion of
cowpeas in the analysis impossible as a very insignificant proportion of farmers planted the crop

for the 2010/11 cropping season.

The underlying assumption for this study was that the expected net benefits from using
components or whole ISFM package promoted exceeds the expected value of benefits from use
of current practices or not using it (Rahm and Huffman, 1984; Pannell, 1999). Another
assumption made was that any observed variation was a result of the new innovation though in
reality, differences may arise from diverse farmer socio-economic circumstances, agricultural
management practices among many other factors (CIMMYT, 1988). Partial budget analysis was
employed for this study to analyse the viability of legume-cereal rotations. Groundnut-maize
rotations were used for the analysis of differential benefits since the adoption pattern among
participant farmers tended towards this option. Non-participant farmers maintained their maize

mono-cropping practices methods.

Partial budgets have been widely used to analyse farm business changes especially to estimate
the financial effect of incremental changes. However, a major limitation with partial budgeting
is that this tool only estimates possible financial impacts but does not assure them. Moreover,
gross margin analysis does not indicate how much profit a farmer will be making as overhead

production costs are not included in the analysis (CIMMYT, 1988). The analysis considered two
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cropping seasons 2009/10 and 2010/11 using averaged data for each of the groups (learning
alliance participants and non-participants). In this context, the term ‘partial budget’ referred to
only those costs associated with the new innovation and not all production costs. Specifically,
only costs related to the groundnut enterprise were included in the analysis. The difference in
labour requirements between the two options (mono-cropping versus rotation) was primarily due
to demands in planting, weeding and harvesting of the groundnut crop. Farmers generally do not
attach a monetary value to family labour but for this study the opportunity cost for family labour
was estimated at the local daily wage rate for hired labour (labour day) plus the value of non-

monetary payments normally offered such as maize grain or grocery items (CIMMYT, 1988).

For this study, all maize and groundnut grain produced (consisting of grain retained for family
consumption, sold, retained for seed and/or given out) was valued at the prevailing market
prices: US$ 275 tonne™ for 2009/10 and US$ 285 tonne™ for the 2010/11 cropping seasons.
Shelled groundnut grain was valued at US$ 400 tonne™ and US$ 450 tonne™ for the two
respective seasons. A sensitivity analysis was carried out to assess the changes in viability of
cereal-legume rotations when the farmers disposed their maize grain through informal traders
(locally called ‘makorokoza’). The informal traders were offering the farmers between US$150
and US$200 cash tonne™ of maize grain, ceteris paribus, for the two seasons, respectively. The
inability of the Grain Marketing Board to pay cash for maize grain deliveries usually left the
farmers with no option, but to dispose their surplus grain through the informal channel in order
to get the desperately needed cash. A tonne of maize grain was exchanged for 5 X 50 kg bags of
Compound D fertiliser, 5 X 50 kg bags of ammonium nitrate fertiliser and 10 kg maize seed.
Collection of data for the analysis was through a questionnaire survey (Appendice 3) and

secondary data that included input and product prices for maize and groundnut grain.
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CHAPTER 4

Determinants of smallholder farmer participation in learning alliances

4.1 Introduction

Addressing challenges of low and declining soil fertility in smallholder farming systems remains
a priority for agricultural research and development initiatives by both national and international
institutions in sub-Saharan Africa (Mapfumo et al., 2008). Active engagement between farmers
and external agents has been shown to improve their knowledge capital on new and improved
technologies, thus enhancing capacity to adopt (FAO, 2001). The potential for innovation
systems approaches in promoting stakeholder participation in adapting technologies on
Integrated Soil Fertility Management (ISFM) and climate change adaptation measures has been
demonstrated at field-based Learning Centres (LCs) established by the Soil Fertility Consortium
for Southern Africa (SOFECSA) under diverse southern African agro-ecosystems and socio-
economic circumstances (Mapfumo, 2007). Application of PAR approaches in these initiatives
has, however, revealed major demands to quantify farmer- and market-driven ISFM innovations
at process level in order to stimulate interest from major players in agricultural input-output

markets.

Information on factors influencing farmer participation in knowledge sharing processes around
established field-based ISFM LCs is only emerging since this is a new concept. This chapter,
therefore, gives findings following co-learning initiatives with smallholder farmers under the

auspices of SOFECSA’s ISFM initiatives in eastern Zimbabwe.

SPreliminary findings of this Chapter were published as: Mashavave T, Mapfumo P, Mtambanengwe F, Chikowo R, Gwandu T,
Nezomba H and Siziba S, (2011). Factors influencing participation of smallholder farmers in knowledge sharing alliances
around SOFECSA field-based Learning Centres. African Crop Science Proceedings 10: 331-334

SConsolidated version of the Chapter subsequently submitted for publication as: Mashavave T, Mtambanengwe F, Mapfumo P,
Gwandu T, Nezomba H and Siziba S. Factors influencing participation of smallholder farmers in knowledge sharing alliances
around field-based learning centres in eastern Zimbabwe. African Crop Science Journal
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Using PAR approaches, smallholder farmers were mobilised into learning alliances to enable
access, and sharing of information and knowledge on ISFM. The main objectives were to
determine: (i) the main factors influencing farmer participation within ISFM field-based learning

alliances and (ii) the effectiveness of learning alliances in promoting uptake of ISFM practices.

4.2 Results and discussion

4.2.1 Characteristics of interviewed households

The general characteristics of smallholder farming households in the study area are given in
Table 4.1. Results indicated that 43% of the interviewed households participated at field-based
learning centres (learning alliance participants) in one way or the other whilst the remaining
57% could be largely classified as non-participants. The proportion of female-headed
households of 27% was consistent with the 20-30% reported in other surveys (Ahmed et al.,
1997; Twomlow and Ncube, 2001), with male-headed households constituting the remaining
73% of respondents. Mean ages between participants and non-participants were significantly
different (p = 0.012). The average age of 58 years among participant farmers (Table 4.1) implied
a wealth of farming experience and thus the potential to sustain smooth flow of information and
knowledge within established learning alliances. Non-participant farmers (61%) had relatively
more formal education than participant farmers (39%) though over 50% of farmers had attained
formal education within the participant cluster. There exists a significant relationship between
the education level of the household head and their participation in learning alliances (p = 0.035)
implying that education level enhanced the likelihood of participation within learning alliances.
Though the number of household members actively engaged in farming activities ranged from 0
to 10 people the average active labour was 3-4 people suggesting a general labour shortage

across farming households.
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Table 4.1 Socio-economic characteristics for smallholder farming households in Chinyika East,

eastern Zimbabwe 2011

Characteristic

Learning Alliance

Non-Participant

Paired T-test;

Participant (n=30) (n=40) Chi-squre p-
values

Education level of household head

No. with no formal education 14 (48%) 15 (52%) 0.035*

No. with formal education 16 (39%) 25 (61%)
Mean available labour (people) 3.6 (2.2) 3.2(1.8) 0.124
Mean arable land size (hectares) 5.2 (1.3) 5.4 (1.3) 0.334
Mean number of ox-ploughs 1.2 (0.6) 1.0 (0.5) 0.549
Mean social capital scores 29.5 (7.4) 32.1(4.4) 0.320
Sex of household head

No. of female 7 (37%) 12 (63%) 0.389

No. of male 23 (45%) 28 (55%)
Mean age of household head (years) 58 (16.8) 53 (19.0) 0.012*
Mean distance to nearest input 51.3 (30.0) 34.5 (18.9) 0.042*
market (kilometres)
Mean number of cattle 8.5(9.1) 6.0 (4.7) 0.023*

Values in parenthesis for continuous variables are standard deviations; * Significance at

p<0.05

Total arable land holding averaged 5.3 hectares though the total land allocation in this settlement

was historically fixed at 6 hectares per household (Chisora, 2006). The high level of ownership

of ox-ploughs by approximately 90% of households did not tally with the low level of cattle

ownership within the community which varied significantly according to the resource group of

the respondent. The farmers usually perceived that ownership of implements such as ox-drawn

ploughs enabled them to carry out timely operations of farming activities. However, the mean

number of cattle was significantly different between the participant and non-participant farmers

(p = 0.023).
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Non-participant farmers were relatively well-networked to fellow farmers, outside communities
and external agro-service providers with average ratings of 32.1 than learning alliance
participants (29.5). Nevertheless, participant farmers were generally prepared to travel greater
distances to the input/output markets than non-participants as implied by the significant
difference between the mean distances to the nearest input market (p = 0.042). The visits were
mostly undertaken to procure certified agricultural inputs, mainly inorganic fertilisers and seed,

from larger towns where they are not limited on the choice of suppliers and/or products.

4.2.2 Socio-economic characteristics of learning alliance participants

Overall, the results indicated that men and women attended village meetings in almost equal
proportions of 51% and 49% respectively (Figure 4.1). However, disparities were evident when
it came to the newly established action learning groups which generally had male dominance of
more than 60%. This observed trend of male dominance, which is the opposite of the usual
trends of female dominance in most smallholder communities in sub-Saharan Africa (FAO,
2006; Ogunlela and Mukhtar, 2009), may partly be explained by the history of the origins of the
Chinyika communities. Chinyika was established in the post-independence era by the
Government of Zimbabwe in the early 1980’s to ease congestion of old communal areas around
the country. Despite the farmers having diverse backgrounds, they were brought together by the
passion for farming which is the primary source of livelihood for family and for which men have
the prime responsibility (Mapfumo et al., 2010). The area is commercially oriented in terms of
availability of road infrastructure; existence of farmer supporting institutions and generally lies
in a moderate-high potential agro-ecological zone (NR 2) receiving mean annual rainfall of 650-

750mm.
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Figure 4.1 Composition of Farmer Action Learning Groups in Three Villages in

Nyahava Community, Eastern Zimbabwe

Composition of the newly established action learning groups did not differ much in numbers
between males and females. However, in one village (Village 38), the number of men was three-
times more than their female counterparts (Figure 4.1). This was attributed to improved
information access and positive experiences with SOFECSA interventions in the past. Farmers
with better access to quality information have often been found to show a clear change of
attitude towards innovation (Geran, 1996). On the other hand, despite women farmers being
responsible for most agricultural activities in Southern Africa(Ogunlela and Mukhtar, 2009) ,
women’s active participation in agricultural research initiatives is somehow constrained by their
active role in the domestic or the reproductive sphere and their preference to engage in other

home-economic activities where they can control their income (Bastidas, 1999).

Ranking of perceived characteristics of a co-learning alliance revealed marked differences
between the male-dominated group (Village 38) and those which had almost equal proportions

of males and females (Villages 19 and 20). While unity among members ranked highly among
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the other two similar groups, having a common goal and a working constitution were ranked
highly by the male-dominated group (Table 4.2). This seems to suggest the interest of men in

issues of governance (Ogunlela and Mukhtar, 2009).

Table 4.2 Perceived characteristics of learning alliances around field-based learning centres by
smallholder farmers in Nyahava, eastern Zimbabwe

Village 19 Village 20 Village 38
(M=20; F=16) (M=8; F=7) (M=13; F=4)
1. Members must be united Members must be united Members should have a
common goal

2. Activities must be carried Share unmarketed produce Have a working

out collectively equally constitution

3. Share produce equally Collectively market produce  Group must be large
enough to attain a critical

production target

4. The agricultural extension  Activities must be carried out Unity among members
worker (AEW) should collectively particularly important

represent all accessing inputs

5. Collectively identify a Target high vyields to Produce must have
buyer if there are surpluses  generate marketable surplus  guaranteed buyers well

before production starts

In the two female-dominated groups (Villages 19 and 20), sharing of produce was prioritised as
a pre-condition for participation, (Table 4.2), but was lowly ranked by the other group which
only had 4 females versus 13 males (Figure 4.1). This gave a reflection of how female members
prioritise household food self-sufficiency before issues of marketing are considered (Valdivia,

2001). Studies from other developing countries often report that male members of farming
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households often take a leading role in decision-making process regarding agricultural
development, and have a higher access to resources and information of improved technologies

(Geran, 1996; Kaliba et al., 2000).

Resource-constrained and intermediate group farmers constituted more than 80% of the farmers
in the ISFM co-learning alliance whilst only 16% of the farmers belonged to RG1 (Figure 4.2),
and it was interesting to note that this group had a male dominance with only one female

member (Figure 4.3).

Resource-

endowed
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Resource-
constrained
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(47%)

Intermediate
farmers
(37%)

Figure 4.2 Relative Distribution of Farmers in Co-learning Alliances by Resource Endowment in

Nyahava Community, Eastern Zimbabwe (n=68)

There was generally an increase in the number of female farmers with an increase in the
resource constraints and these actually dominated the resource-constrained group (Figure 4.3).
Several studies have indicated that the socio-economic characteristics of farmers, among other
factors, play a key role in decision-making in agricultural activities (Mtambanengwe and

Mapfumo, 2005; Zingore et al., 2007). Working in the same community during the drought
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years of the 2000s, Mapfumo et al. (2010) observed an increased presence at meetings and ISFM
LC activities of resource-constrained (RG3 farmers) households relating to agriculture or
general livelihood initiatives in the area. The observed high proportion of RG3 farmers (close to
50% representation) in learning alliances (Figure 4.2) supports this observation of a group
previously known to ‘shy-away’ from research and development initiatives (Mtambanengwe and

Mapfumo, 2005).
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Figure 4.3 Distribution of Male and Female Farmers in Co-learning Alliances by Resource
Endowments in Nyahava, Eastern Zimbabwe (n = 68)

From the farmers’ perspective, participation in knowledge sharing alliances around LCs was
enhanced by several factors, among them:
(i) accessibility and visibility of the LC;
(i) experience of the learning centre host farmer;
(iii) history of contact with SOFECSA researchers as well as the championing on
SOFECSA ISFM options and climate change adaptation measures by the host;
(iv) the host being a natural-born leader able to mobilise and impart acquired knowledge

to others, including encouraging participation of everyone within the community and;
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(v) the realisation of high yields on small land areas at LCs as opposed to extensification.

Learning Centres were viewed by the farmers as knowledge and information processing centres
through the creation of a more effective context for discussing issues related to climate change
and ISFM thereby building capabilities of these farmers. Field-based LCs also enabled the
farmers to discuss ISFM issues on the level of personal experiences rather than on the level of
blueprint solutions generated elsewhere. Most of the interviewed farmers hailed the technologies
being promoted as well as the new information on climate change adaptation as positive move

towards enhancing crop productivity and general livelihoods in a cash economy.

Smallholder farmers and other agro-stakeholders participating in the field-based learning
alliances shared information on agronomic practices, use of organic soil fertility amendments,
chemical fertiliser application techniques, use of termitaria soil and legume-based technologies.
Approximately 72% of participating farmers who had successfully attended LC activities were
found to have adopted components and modified some components of the ISFM package
promoted, consistent with findings by Smale et al. (1995) that farmers tend to have incremental
technology adoption patterns. These were found to be increasingly using chemical and organic
fertilisers in combination; split application of chemical fertilisers; woodland litter; crop
diversification; legume-cereal rotations/intercrops; termitaria soil and matching land sizes to
available nutrient sources. Woodland litter was first put in cattle pens only to be taken out later
and spread on main fields after it had well decomposed. The increased innovation maybe related
to the social dynamic created in the course of recurrent learning and knowledge-sharing within
the context of learning alliances. This may be an indication that empowering farmers through
frequent interactions with their peers and other agro-stakeholders from outside the community

boundaries influenced their adoption decisions.
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4.2.3 Factors driving uptake of ISFM technologies by farmers

The integrated soil fertility management options promoted in field-based learning alliances and
subsequently used by smallholder farmers in their main fields are presented in Table 4.3. There
was generally good adoption of the promoted ISFM package being taken up by 77 % of the
smallholder farmers. Using the mother-baby approach, Mugwe et al. (2009) found that only 46

% of the farmers had adopted ISFM technologies promoted in the central highlands of Kenya.

Table 4.3 Adoption of promoted ISFM technologies by smallholder farmers in Chinyika, eastern
Zimbabwe 2011

Technology Adopters Non-adopters x2

p value
Organic ameliorants 43 (61%) 27 (39%) 0.478
Legume-based 41 (59%) 29 (41%) 0.779
Termitaria soil 12 (17%) 58 (83%) 0.013**
ISFM 54 (77%) 16 (23%) 0.285

**Association significant at 5% level

Adoption of technologies by farmers is generally voluntary. However, there are cases where
adoption was not voluntary. For example, adoption of conservation farming (CF) technology in
Zimbabwe, upon the inception phase, was not in most cases voluntary as the target farmers of
vulnerable households were provided with agricultural inputs and appropriate extension support
as incentives to adopt the CF technology (Twomlow et al., 2008a). Though some spontaneous
adoption by less vulnerable households has been reported, some farmers who originally
participated in the CF promotions opted out due to various reasons (PRP, 2005). This suggests
that the field-based learning alliance approach used in this study was effective in promoting
uptake of soil fertility management technologies. Farmers who adopted organic ameliorants and

legume-based technologies were in almost similar proportions of 61 % and 59 % respectively.
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Termitaria soil was the least adopted technology with 83 % non-adoption and this was
significant at 5 % level (p = 0.013). This widespread non-adoption could be attributed to the
demand of the technology on labour required to collect sufficient amounts of the soil. The
variation in the uptake of the different ISFM practices promoted was consistent with some
previous studies which showed that farmers generally adopt components of an innovation in
order to learn more about the whole technological package (Smale et al., 1995; Morales and

Perfecto, 2000).

Table 4.4 shows the results of the adoption models of the promoted ISFM package and its
components. Generally the models had good explanatory power and the legume technology
adoption model correctly predicted 64% of adopters and non-adopters. The implication
therefore, is that the variation not explained in the model (36%) can be accounted for by other
factors not included in the model. There was low correlation between the independent variables
signifying some level of independence between the factors.

Binary logistical regression models revealed the age of the household head had a
significant positive influence on the adoption of termitaria soil technology at 10% probability
level implying that younger households had less probability of using termite mound soil than
older households. This was in contrast to studies in Kenya and elsewhere which showed that
farmer’s age tends to decrease the probability of adopting soil fertility management technologies
(Baidu-Forson, 1999; Odera et al., 2000; Mugwe et al., 2009). A study on the adoption of soil
conservation technologies in the Phillipine uplands showed that age had both positive and
negative influence on adoption decisions of contour hedgerows in Cebu and Chivera
respectively (Lapar and Pandey, 1999). In this current study, a plausible explanation for the
positive influence of age on adoption of termitaria soil among older farmers could be due to the
accumulated wealth of knowledge and resources thus, giving them relatively high capacity of

adopting improved technologies than younger farmers.
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Table 4.4 Binary logistic regression analysis results of the factors influencing adoption of ISFM
practices for 70 households surveyed in Chinyika East, Zimbabwe 2011

Variable Organic Legume Termitaria soil ISFM
ameliorants technologies
GENDER -0.295(0.673) -0.896(0.717) -1.063(1.702) -1.128(0.904)
AGE 0.010(0.020) 0.021(0.020) 0.064(0.036)*** 0.007(0.021)
EDUC 0.363(0.770) 0.582(0.764) 0.937(1.214) -0.751(0.919)
LABOUR 0.164(0.150) -0.201(0.144)  -0.634(0.345)*** 0.012(0.170)
ARABLE 0.118(0.219) 0.365(0.220)***  -0.301(0.324) 0.247(0.235)
OXPLOUGH 1.824(0.802)**  1.688(0.799)**  -1.219(1.142) 0.429(0.838)
LIVEST -0.094(0.055)***  -0.052(0.053) -0.159(0.108) -0.060(0.064)
FERTDIST 0.000(0.012) -0.016(0.012) -0.007(0.017) 0.001(0.014)
COLEARN -0.296(0.642) -0.033(0.626) 2.941(1.070)* 1.137(0.797)
SCAP 0.086(0.056) -0.036(0.052) 0.103(0.088) 0.119(0.070)***
Constant -4.888(2.200)**  -1.344(2.045) -3.982(2.817) -3.248(2.551)
Log-likelihood -76.824 -81.547 -43.445 -63.903
Total variation
explained in model 67% 64% 86% 76%

Values in parenthesis are standard errors

*, ** and *** indicate significance at 0.01, 0.05 and 0.1 level respectively

The number of household members who could contribute actively to farming activities,
which averaged 3-4 people in this study (see Table 4.1), negatively influenced the adoption of
termitaria at 10% significance level implying that households with insufficient labour had less
probability of adopting this technology. This could be explained by the interaction between
labour and the collection of sufficient amounts of termitaria soil which were in most instances
inadequate to fertilise large land portions. Use of termitaria soil involves digging up the dry hard

termite mounds, heaping the collected rich soil, and then transporting it to target field portions,
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all of which requires a lot of labour inputs. This suggests that pooling of labour among the
smallholder farmers or hiring additional labour in the collection of termite mound soil may ease
the labour constraint. Hiring of additional labour positively influenced the probability of
adoption of integrated use of manure and chemical fertilisers in central Kenya (Okuro et al.,
2002). On the other hand, Bogale (2009) concluded that as household size increased, the number
of mouths to feed also increases and may actually compromise allocation of resources towards
agricultural production.

Arable land size had a significant positive (p<0.10) influence on the adoption of legume
based technologies, an implication that those households with relatively large pieces of land had
a higher probability of adopting legume-based technologies. This could be explained by the fact
that larger land sizes avail the smallholder farmers the opportunity to experiment with the new
technologies and are able to spread the risks associated with early technology adoption (Feder
and Slade, 1984). In a study to promote the adoption of conservation farming practices in some
districts of Zimbabwe, the first cropping season saw a number of farmers trying out the new
technology on relatively poor fields as a way of minimising the risk of food production
shortfalls. Observations were that the farmers simply maintained their conventional farming
methods on better quality soils (Mazvimavi and Twomlow, 2009).

The availability of farming equipment had a significant positive influence on the
adoption of organic ameliorants and legume based technologies at 5% significance level, an
implication that resource-endowed smallholder farmers had a higher probability of taking up
these technologies. The availability of farming equipment enhanced the likelihood of adoption
of organic ameliorants and legume-based technologies possibly due to the ability of resource-
endowed farmers to carry out timely operations. This was consistent with findings by
Mtambanengwe and Mapfumo (2005) that resource-endowments give farmers a relative
capacity to adopt new and improved soil fertility. On the other hand, resource-constrained and

the more food insecure households tend to be preoccupied with survival or coping strategies
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leaving them with less time to manage their own fields (Tchale et al., 2004; Mapfumo et al.,
2013).

Contrary to expectations, the number of cattle had somewhat a negative influence on the
adoption of all the ISFM practices analysed though this was only significant for uptake of
organic technologies. This implied that households with fewer cattle had a higher probability of
adopting the promoted technologies than farmers with many cattle. Despite livestock (especially
cattle) being a store of wealth and an important source of manure and draught power, the higher
probability of adoption of organic technologies among those with fewer cattle could be
attributed to the definition of an adopter of organic technologies in this study which required use
of any organic manure plus any other organic nutrient source. Possibly the predominant number
of cattle owners just use cattle manure alone because the quantities are relatively adequate whilst
those without cattle literally scavenge for any organic alternatives such as woodland litter and
compost. In order to enhance nutrient supply and generate sufficient quantities, farmers with
fewer cattle usually put woodland litter in cattle pens which would be taken out later and applied
on main fields. However, other adoption studies showed that livestock ownership influenced
adoption of soil fertility enhancing technologies positively as a source of manure which could be
used in combinations with inorganic fertilisers (Kristjanson et al., 2005; Marenya and Barrett,
2007). Observations were also that those with more livestock usually sold some to raise income
to address mostly non-agricultural obligations such as sending children to school and medical
expenses, consistent with findings by Reardon et al. (2000) who showed that higher incomes
tend to encourage off-farm activities.

Membership into learning alliances had a significant positive influence on the adoption
of termitaria soil use at 1% level and the magnitude of its coefficient was indicative of its
importance in influencing adoption. Household membership in field-based ISFM knowledge
sharing alliances exposed them to information and knowledge on new and improved soil fertility

management options, hence the significant influence on the adoption of termitaria soil
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technology. The positive influence could be attributed to the increased knowledge on the
alternative use of termite mound soil to augment the limited quantities of cattle manure regarded
as the most important organic ameliorant (Nhamo et al., 2004; Mapfumo, 2009).

Social networks positively influenced the uptake of the promoted ISFM package at 10%
probability level suggesting that farmers with more social interactions had a higher chance of
adopting the catalogue of promoted technologies. The positive influence of social capital on the
adoption of ISFM implied that social networks exposed smallholder farmers to diverse
information sources and platforms for access and utilisation of available empirical knowledge on
ISFM. Bandiera and Rasul (2006) found that social capital could yield a “synergistic effect” by
fostering combination of different ideas and skills, and a “realisability effect” due to enhanced
access to different resources; thus contributing to enhanced adoption of improved technologies.
Key informants indicated that the negative influence on legume technologies could be explained
by the indirect and less visible contribution of sunnhemp to food security; unavailability of

legume seed and inoculant at local shops hence the non-widespread adoption (see Table 4.3).

4.3 Conclusions

Smallholder farmers perceived that attributes of the Learning Centre and host farmer were a
prerequisite for participation in field-based learning alliances. Conversely, binary logistic
regression analysis showed that factors that significantly influenced participation within learning
alliances (analysed as uptake of promoted ISFM components in this study) varied with the
practices surveyed. Different farming households had different capacities and preferences in the
decision to participate or not in established field-based learning alliances. Farmer’s age, size of
arable land, ownership of farming equipment, household membership in learning alliances and
social capital had a positive and significant influence on participation, whilst available active
labour and number of cattle owned influenced participation negatively. These results suggest

that action-learning alliances could enhance participation and uptake of improved ISFM
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technologies through targeting of appropriate technologies within smallholder farming

communities.
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CHAPTER 5

Smallholder farmer interaction patterns for information sharing

5.1 Introduction

More and more, trans-disciplinary research has been identified as appropriate fora of research in
search for context-specific solutions within highly complex smallholder farming systems (Hurni
and Wiesmann, 2004; Mapfumo et al., 2013). This generated scope for understanding
technology adoption from a social network perspective with a particular insight into the inter-
relationships among agro-stakeholders (Mashavave et al., 2013) rather than the attributes of the
actors which has been the focus of most previous studies on technology adoption (e.g. Rogers,
1993; Kaliba et al., 2000; Abdulai and Huffman, 2005). The network perspective presupposes
that social networks among agro-stakeholders create opportunities or constraints that may in turn
drive or impede technology uptake (Borgatti et al., 2009; Halgin, 2009). These social
interactions play a critical role in the formation of attitudes as individuals relate their own

experiences to those of others facing similar circumstances (Galaskiewicz and Burt, 1991).

The potential value of smallholder farmer social networks in enhancing access and sharing of
integrated soil fertility management (ISFM) information and knowledge was explored, in the
context of field-based learning alliances in the eastern district of Zimbabwe. The specific
objectives were to: a) assess the changes in social network structure of smallholder farmers
participating in field-based learning alliances; b) investigate changes in central value chain
players with the introduction of a new innovation, and c) quantify the communication

efficiencies of farmer social networks in the dissemination of ISFM technologies.

$This Chapter has been published as: Mashavave T, Mapfumo P, Mtambanengwe F, Gwandu T and Siziba S (2013). Interaction
patterns determining improved information and knowledge sharing among smallholder farmers. African Journal of Agricultural
and Resource Economics VVolume 8 Number 1 pages 1-12
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5.2 Results and Discussion

5.2.1 Perceived farmer social network structures

The interaction map of farmers participating in field-based learning alliances had a dense
network structure (Fig 5.1) suggesting that these smallholders had access to a wide range of

information sources and platforms (Mashavave et al., 2013).
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(Black circles represent ISFM information and knowledge sources while grey squares represent platforms

for access and sharing ISFM information)

Figure 5.1 Social Network Structural Configuration for Learning Alliance Participant Farmers in
Chinyika, Makoni District, Zimbabwe (Adapted from Mashavave et al., 2013)

The most isolated source of ISFM knowledge and information was inter-generational knowledge
(intreg_know). This was defined by the farmers as that information which is passed as ‘folk’

knowledge from previous generations. Despite the less reliance on the knowledge from this
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source which is often characterised by incomplete transmission of information, farmer’s
knowledge and innovations within this network were integrated for adaptive learning and testing
at field-based Learning Centres (LCs). Other sources of information identified by the farmers
included farmer groups (fr_grp); farmers from outside the community (out_com_frs); fertiliser

companies (fert_co); seed houses, universities, research institutions among many.

Farmers also accessed ISFM information and knowledge through district innovation platforms
(DIP) and ward innovation platforms (WIP) established by SOFECSA in Makoni district.
Mapfumo (2009) defines an innovation platform (IP) as a multi-sectoral, multi-institutional
coalition of actors working together within a value chain system. District innovation platforms
were comprised of members in the banking sector, ministry of agriculture and other external
agro-service providers including farmer associations. However, there were variations in the
composition of the IPs which was largely determined by the representation of a particular
institution/organisation. This suggests that there exists scope for enhancing information and
knowledge sharing as more organisations and actors are established especially at the micro-level
(ward level) creating a potential to further increase the density of interactions (Mashavave et al.,
2013). The network configuration suggested a high potential for continuous feedback among the
different actors (Hall, 2005) and enhanced opportunities to access resources and services as IPs
quickly hook up to new developments which can be shared with the farmers. Cross et al. (2003)
found that enhanced bonding and bridging ties provide new information and diverse perceptions
which can lead to creativity and innovation. Bouma et al. (2008) also concluded that proper
development of bridging capital can link the smallholders for a different level of power and

social status.

Platforms that were less preferred by the farmers included exchange visits with local farmers

(exch_visit_local); external workshops (ext_workshops) and extension facilitated meetings
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(extn_meetings) as evidenced by their pronounced outward orientation. Participatory action
planning (PAP) meetings were the common form of Learning Centre based meetings
(Ic_based_meetings) conducted during the pre-season months of September or early October for
joint learning on ISFM and climate change. The meetings were subsequently followed by
implementation of planned activities as the season commenced while mid-season and post-
season joint monitoring and evaluation were done in January and July/August, respectively
(Mashavave et al., 2013). These activities generally progressed through an iterative cycle of

planning - action — reflection as recommended by Hagmann et al. (1998).

Timely interaction and learning is a vehicle for strengthening social coherence and trust within
organised groups (Borgatti and Cross, 2003). Hagmann et al., (1998) suggests that group
extension and training is more economic than individual farmer extension. The farmers also
interacted at platforms such as field days, learning centres, seed fairs, exchange visits with local
farmers and agricultural shows. Sharing of information at these platforms led to increased
perception about new technologies by early adopters who would also share their experiences
with fellow farmers leading to improved diffusion of innovations. Frequent interactions of
smallholders at field-based learning alliances established by SOFECSA were also found to
foster broader understanding of key ISFM principles and concepts, improved collaboration for
generation of context-specific solutions as well as promoting market-oriented production among
farmers (Mashavave et al., 2013). These social interactions of the smallholders within their
locality as well as with farmers and agro-stakeholders from outside their community boundaries
were also cited as responsible for the improved uptake of promoted ISFM options by
approximately 72% of farmers in eastern Zimbabwe tailor-made to suit the farmers’ particular
circumstances (Mashavave et al., 2011). Collective action enhances farmers bargaining power,
provides an opportunity for the farmers to pool scarce resources as well as reduce transaction

costs in the purchase of essential ISFM inputs by removing opportunistic behaviour from the
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value chain (Nyikahadzoi et al., 2012). In essence, these results suggested that innovations that

empower smallholder farmers have a potential to generate positive impact on their livelihoods.

The sociogram for non-participant farmers (Fig 5.2) suggested poor linkages among agricultural
value chain actors as evidenced by the less dense connections (ties) compared to that of
participant farmers. Intergenerational knowledge was the least preferred source of information
due to its pronounced outward projection. Farmers’ knowledge in this type of network was
regarded of less value by scientific research standards (Hagmann et al., 1998) and thus could not
be integrated into research initiatives. Universities and direct research were other less common
sources of information as evidenced by their outward orientation and few ties. There were no
direct links between farmers and research institutions providing evidence that extension agents
still dominated the transmission of research-based knowledge to farmers (Gwandu et al., 2014).
Agricultural value chain players had few spaces where they could regularly meet to collectively
generate and share new knowledge and strategies. The weak collaboration within the social
network could not permit the farmers to develop stable relationships with agro-service providers

hence they were limited from realising economies of scale (Mashavave et al., 2013).

Generally, information exchange was mostly incidental and consisted of informal dialogues
characterised by lack of sufficient information to form ‘focused discussions’. Farmer-to-farmer
interactions were mostly along socio-cultural dimensions such as gender, age, and religion a
characteristic known as homophily in social network analysis (McPheson et al., 2001; Leonard
et al., 2008). These results suggest that weak social interactions are not suitable for supporting
self organisation and co-learning processes among smallholder farmers and service providers

thus may discourage uptake of technologies.

69



(Black circles represent ISFM information and knowledge sources while grey squares represent platforms

for access and sharing ISFM information)

Figure 5.2 Social Network Structural Configuration for Non-Participant Smallholder Farmers in
Chinyika, Makoni District, Zimbabwe (Adapted from Mashavave et al., 2013)

Master Farmer Training Programmes run by national extension service, AGRITEX, were the
most isolated platform for accessing and sharing of information and knowledge. Other identified
platforms for accessing and sharing information included extension meetings, field days,
agricultural shows, and external workshops. Farmers were notified on extension meetings
through village chairpersons using media such as verbal communication, mobile phones, and/or
school children. Unlike field days held in the villages with field-based learning alliances which
attracted diverse agro-stakeholders, the field days within non-participant communities had very
few outsiders; hence such activities were rarely conducted in this particular area (Mashavave et
al., 2013). Production and marketing issues were mostly conducted on an individual farmer basis

hence the farmers could not organise themselves for collective scaling-up of production.
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5.2.2 Smallholder farmer social network impact on innovation learning cycle

Connectedness (closeness centrality) indices were generally higher for learning alliance
participants than their counterparts implying relative communication efficiency of their network
(Table 5.1). Higher communication efficiency within a social network implies that the players
are able to convey information timely and accurately as information travels over short distances
(Freeman 1979). Opsahl et al. (2010) asserts that low closeness indices imply that information
transmission is slow and this raises the likelihood of incomplete transmission of information.
National extension still dominated information dissemination within the network of non-
participants as evidenced by a more pronounced index for national extension (nat_extn) of 94.4

than that of learning alliance participants (81.8).

Information and knowledge from national extension agents had less preference within the
network of participants indicative of an innovation systems approach where farmers take the
lead in research initiatives and outsiders take a facilitatory role. This suggested superiority of
contextualised practical experimentation as opposed to transfer of technology approaches
(Hagmann et al., 1998) which tend to inhibit feedback loops among agro-stakeholders. The two
networks had lowest closeness values for intergenerational knowledge (intreg_know) suggesting

that information from this source had the least potential to influence these networks.

Exposure to field-based learning alliances also enabled approximately 73% of the participating
farmers to access crucial marketing information. This information was very useful in their
decision-making with regards to choice of cropping as well as the production methods to
maximise productivity. These results suggest a strong relationship between improved
information flows and farmers’ decision-making capacities. A closer look into the non-

participant network revealed a rather strong attachment to non-governmental organisations
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(NGOs) and produce markets (prod_mkts). This could have been influenced by the anticipation
of perceived benefits such as free handouts or primarily as a source of food supplements,
especially maize grain in the event of grain shortages (Mashavave et al., 2013). Farmer
participation in action learning alliances enhanced their proximity to and from research
initiatives as evidenced by a more pronounced research index of 67.5 among participants against
58.6 for non-participants.

Table 5.1 Closeness centrality indices for participant and non-participant farmers social
networks in Chinyika

Learning alliance Non-participant
participant (n=30) (n=40)

Information Sources Closeness centrality
Local Farmers 96.4 85.0
Farmer’s Experience 93.1 89.5
National Extension 81.8 94.4
Farmers’ Unions 81.8 73.9
Private Extension 75.0 70.8
Agro-dealers 73.0 65.4
Local Leader 69.2 70.8
Research 67.5 58.6
Universities 67.5 51.5
Mass Media 62.8 56.7
NGO 62.8 65.4
Produce Markets 61.4 63.0
Intergenerational Knowledge 50.9 50.0
Platforms

Field Days 73.0 63.0
Agricultural Shows 73.0 63.0
Extension Meetings 58.7 58.6
External Workshops 56.3 54.8

Note: Detailed closeness centrality indices are given in Appendices 1 and 2
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Higher closeness indices for highly interactive platforms such as field days (field _days) and
agricultural shows (agrl_shows) among participants than their counterparts implied that these
platforms were important in promoting sharing of experiences and ideas with other farmers and
agro-stakeholders outside the community boundaries. Key informants revealed that such
functions had become non-existent prior to the introduction of SOFECSA initiatives in 2007 due
to depressed agricultural productivity, mainly attributed to declining soil fertility. This was
characterised by maize grain yields which usually revolved under less than 2 t ha™. These field
days were attended by diverse groups within and outside the community. Climate change and
ISFM information and knowledge were shared through poetry, songs and drama at these events.
Fellow group members usually passed on advice and training to their peers who would have
failed to attend such gatherings. Information received through extension facilitated meetings
(extn_meetings) had almost equal importance in both networks of participants (58.7) and non-
participants (58.6). The less preference of these meetings by participants could be further
evidence that the interaction pattern (see Fig 5.1) is a digression from traditional models of
technology transfer from research. The least important platforms of access and sharing of
information within the networks were external workshops (ext_workshops). This was because of
the cost implications involved in organising external workshops which was inhibitive to most

smallholder farmers. In most cases, such workshops were only financed by NGOs.

5.3 Conclusions

Exposure of smallholder farmers to field-based learning alliances alters their network structure
of social interactions to a denser pattern suggesting proximity to more information sources. An
expanded social network transforms the information dissemination pathway from a
predominantly linear model, dominated by national extension, towards an innovation systems

approach. Communication efficiencies within a network of social interactions are enhanced by
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the presence of more players within the network. Social networks are therefore an important
mechanism that can drive innovation by empowering smallholders to easily access and share

information and knowledge on improved technologies thus shortening their technology adoption

cycle.
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CHAPTER 6

Differential benefits of integrated soil fertility management practices

6.1 Introduction

Improving agricultural productivity for enhanced food security and production of marketable
surpluses for income generation remains a major challenge in smallholder farming systems of
sub-Saharan Africa (SSA) (Kiptot, 2008; World Bank, 2008). Soil fertility related research has
generated various promising technology options such as integrated soil fertility management
(ISFM), but the impact of the promoted technologies on farmers’ productivity and livelihoods
has not matched the potential (Mekuria and Siziba, 2003; Hobbs et al., 2007). Studies have
suggested that adoption is poor because most research and development initiatives were
promoted in ways that smallholders did not perceive to be relevant to their immediate livelihood
options and risk-return preferences (Heisey and Waddington, 1993; Stoorvogel and Smaling,
1998; Quinn et al., 2003). Farmers are generally reluctant to adopt technologies that expose
them to greater risks and must be convinced that a new technology will bring greater benefits

than existing practices (Napier et al., 1991).

This chapter is an assessment of how mobilisation of smallholder communities in ISFM field-
based learning alliances with key agro-stakeholders within cereal value chains would translate
into improved ISFM adoption and subsequently enhance impact on livelihoods. The specific
objectives were to: (i) evaluate the differential benefits of ISFM technology options among
smallholder farmers participating in learning centre processes and; (ii) evaluate profitability of

ISFM innovations under varying price scenarios.
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6.2 Results and discussion

6.2.1 Adoption as influenced by household characteristics

Results showed that approximately 67% of the farmers within learning alliances had integrated
legume-based technologies in their farming systems. However, only 42% of the farmers
practiced legume-cereal rotations following what they had seen demonstrated at field-based

LCs. This adoption rate suggests that there is still scope to increase adoption.

Table 6.1 Distribution of farmers who adopted legume-cereal rotations by farmer resource
category in Chinyika, Zimbabwe 2011

Resource Category Legume-cereal Adopter (%) Non-adopter (%0)
(n=13) (n=17)
Resource-endowed (RG1) 50 50
Intermediate (RG2) 56 44
Resource-constrained (RG3) 20 80

Only 20% of the resource-constrained farmers had taken up legume-cereal rotations in their
main fields (Table 6.1). Crop rotations in most cases were not feasible due to the general
shortage of legume seed and that staple cereals tend to be given priority over other crops
including legumes (Mtambanengwe and Mapfumo, 2009). In a separate study to evaluate uptake
of conservation farming in Zimbabwe, less than 30% of the farmers practised crop rotation in
the first three years primarily due to limited access to legume seed and lack of awareness on the
need to rotate crops (Mazvimavi and Twomlow, 2009). This therefore, entails that
complementary mechanisms should be put in place to enable access to the requisite inputs if the
initiative is to record early successes. These may include provision of the inputs or engaging the
smallholders for practical experimentation and adaptive testing of technologies in order to raise

awareness on the potential of improved technologies. From the farmers’ point of view, non-
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monetary benefits of ISFM technologies included good crop stands, improved yields, breaking

of pest life cycles, and improved soil fertility among many.

6.2.2 Viability analysis of legume-cereal rotation

Farmers practising legume-cereal rotations had higher maize grain yields than those using
conventional methods leading to high gross field benefits for each of the corresponding season
(Table 6.2). Despite the 2010/11 cropping season receiving poor rainfall, average maize yields
for those who practiced rotations were 2054 kg ha™ whilst those who maintained conventional
farming methods attained an average of 1794 kg ha™ signifying a marginal yield increase of
about 260 kg ha™. The average yields under conventional farming were consistent with the 0 -
1.5 t ha™ reported by key informants who largely attributed this to the continuous mining of
nutrients with little or no replenishment. Maize grain harvest or the 2009/10 cropping season for
crop rotation adopters, which were twice those of non-adopters, lasted an average of 12 months

whilst that of their counterparts lasted an average of 11 months.

However, for 2010/11 a season considered poor in terms of erratic rainfall the maize produce
lasted an average of 12.5 and 9.5 months for adopters and non-adopters, respectively. Adoption
of different ISFM options was shown to increase maize yields at varying scales in other related
studies. For example adoption of different cropping sequences by farmers in Ghana resulted in
maize yield benefits ranging from 25-125%. In Zimbabwe, initiatives by SOFECSA to revive
traditional social safety nets known as Zunde raMambo using ISFM as an entry point gave a 10-
fold increase in maize yields relative to conventional farmer practices (Mapfumo et al., 2013).
Success stories were also reported from studies in other countries such as Malawi and Kenya
(e.g. Kanyama-Phiri et al., 2000; Kangai et al., 2003; Ajayi et al., 2007; Mugwe et al., 2009).
These results suggest that those farmers who had adopted improved soil fertility management

practices were generally more food secure than those using conventional farming practices.
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Table 6.2 Partial budget analysis for legume-cereal rotation and maize mono-cropping practices
for the 2009/10 and 2010/11 cropping seasons for Chinyika East, Zimbabwe (n=30)

Maize mono-
Item Quantity Unit Legume-cereal rotation cropping

2009/10 2010/11 2009/10 2010/11

A. Benefits

Average maize yield kg ha™ 2297.51 2053.66 1613.04 1793.59
Average groundnut yield kg ha™ 694.44 491.76 0 0
Gross field benefits, maize $ ha 631.82 585.29 443.59 511.17
Gross field benefits, groundnut $ ha' 277.78 221.29 0 0
Total gross field benefits $ ha 909.60 806.58 443.59 511.17
Less:

B. Costs that vary

Cost of groundnut seed 120kg ha'  $ha' 32.40 31.68 0 0
Cost of labour for planting 12.22

groundnut *Id ha™ $hat 48.88 61.10 0 0
Cost of hand weeding groundnut 10 Id ha™ $ ha™ 40.00 50.00 0 0
Cost of labour for harvesting 8.66

groundnut Id ha™* $ ha 34.64 43.30 0 0
Total costs that vary $ ha 155.92 186.08 0 0
Net benefits $ ha' 753.68 620.50 443.59 511.17
Note:

e *Id ha™ = labour days per hectare (each labour day valued at US$4.00 and US$5.00 for 2009/10 and
2010/11 cropping season respectively)

e Shelled groundnuts were valued at US$400.00 and US$450.00 tonne™ for 2009/10 and 2010/11 season,
respectively.

e Maize grain was valued at US$275.00 and US$285.00 tonne™ for 2009/10 and 2010/11 season,
respectively.

The yield gains realised from adoption of rotation practices also offset the production costs and
as a result, total gross field benefits for adopters were more than twice that of their counterparts
for the 2009/10 season whilst those of the 2010/11 season were approximately one and half
times higher. Through rotation, a farmer would increase his net benefits by approximately

between 20-70% for the 2009/10 cropping season. Marginal returns to investment, calculated as
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a ratio of the change in net benefits to a change in net costs, for the good and poor season were
approximately 200% and 59%, respectively. These results suggest that smallholder farmers
stand to benefit from the adoption of ISFM technologies such as legume-cereal rotations which

enable them to achieve some positive marginal returns even in the event of crop failure.

Resource endowed farmers constantly attained higher maize grain yields of >2 t ha™* than their
less-endowed counterparts in both of the seasons under consideration (Table 6.3). This is
consistent with a previous research by Mtambanengwe and Mapfumo (2009) who reported that
LCs hosted by this group always realised high maize grain yields than the intermediate and
resource-constrained groups. In a season considered poor (2010/11), RG1 farmers had average
yields of close to 3 t ha™. Despite the poor season, resource endowed farmers were the only
group that realised a marginal increase in maize grain yield of 13.7% whilst the other two groups
had marginal losses of approximately between 8-12%. On average, maize harvest for the
resource-constrained group from the 2010/11 season lasted approximately 8 months while that
of RG1 and RG2 farmers lasted 13.5 and 10.7 months, respectively. The observed results
suggested that there are reduced farmer capacities with an increase in their resource constraints
(IFDC, 2002; Mtambanengwe and Mapfumo, 2009). This therefore implies that the more
resource endowed farmers have a relative advantage in terms of achieving food security through

the adoption of improved soil fertility management technologies.
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Table 6.3 Partial budget analysis for legume-cereal rotation practices for the 2009/10 and 2010/11 cropping seasons by farmer resource groups for
Chinyika East, Zimbabwe (n=30)

Item Quantity Unit 2009/10 Season 2010/11 Season

RG1 RG2 RG3 RG1 RG2 RG3
A. Benefits
Average maize yield kg hat 2486.56 1687.45 1850.67 2827.38 1476.61 1695.45
Average groundnut yield kg ha™ 295.67 94.63 177.69 244.14 323.62 284.65
Gross field benefits, maize $hat 683.80 464.05 508.93 805.80 420.83 483.20
Gross field benefits, groundnut $hat 118.27 37.85 71.08 109.86 145.63 128.09
Total gross field benefits $hat 802.07 501.90 580.01 915.66 566.46 611.29
Less:
B. Costs that vary
Total costs that vary $hat 193.34 185.85 116.94 213.25 217.06 167.55
Net benefits $hat 608.73 316.05 463.07 702.41 349.40 443.74
Notes:

e *Id ha™ = labour days per hectare (each labour day valued at US$4.00 and US$5.00 for 2009/10 and 2010/11 cropping season, respectively)

o Shelled groundnuts were valued at US$400.00 and US$450.00 tonne™ for 2009/10 and 2010/11 season, respectively.
e Maize grain was valued at US$275.00 and US$285.00 tonne™ for 2009/10 and 2010/11 season, respectively.
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On the other hand, it was interesting to note that adoption of legume-cereal rotations by the
resource-constrained farmers gave them maize grain yields of between 10-15% higher than their
counterparts in the intermediate group despite more RG2 (56%) farmers having adopted
rotations. In the poor season (2010/11), RG2 and RG3 farmers actually had more net benefits
from their groundnut crop than RG1 farmers. These results suggest that there is scope for
influencing adoption decisions of low-cost technology options by resource constrained farmers
as it gives them an opportunity to enhance their food security. Consequently, RG3 farmers had

higher net income benefits than RG2 farmers in both of the seasons.

While the high grain yields for RG1 farmers could be related to their relative ability to access
requisite resources such as certified inputs, farming implements and/or hired labour, the more
stable yields for the RG2 and RG3 farmers could be an indicator of the superiority of collective
learning processes in enhancing access to resources and services that would otherwise not be
readily available to them. This may also be attributed to increased awareness on the use of
locally available nutrient sources to enhance soil productivity. However, the ratio of net income
benefits for the RG2 and RG3 farmers was approximately one to one while that of RG1 farmers
to any of the other group was almost twice in both seasons (Table 6.3). These findings suggest
that adoption of ISFM technologies not only benefits the resource-endowed farmers, but also
enhances the capacity of the more or less resource-constrained smallholders to improve their
food security and income benefits thus providing an opportunity for them to diversify their

livelihood options.

6.2.3 Marginal returns as influenced by low maize grain producer prices

When smallholder farmers disposed their surplus grain through the informal channel, their gross

field benefits for maize were almost halved (Table 6.4). Nevertheless, net benefits for farmers
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practicing crop rotations were higher than their counterparts in each of the corresponding

Seasons.

Table 6.4 Sensitivity analysis for legume-cereal rotation and conventional farming practices for
the 2009/10 and 2010/11 cropping seasons for Chinyika East, Zimbabwe

Item Unit Legume-cereal rotation Maize mono-cropping
2009/10 2010/11 2009/10 2010/11

A. Benefits

Average maize yield kg ha™ 2297.51 2053.66 1613.04 1793.59

Average groundnut yield kg ha 694.44 491.76 0 0

Gross field benefits, maize $ ha 344.63 410.73 241.96 358.72

Gross field benefits, groundnut ~ $ ha™ 277.78 221.29 0 0

Total gross field benefits $ha' 622.41 632.02 241.96 358.72

Less:

B. Costs that vary

Total costs that vary $ ha 155.92 186.08 0 0

Net benefits $ ha™ 466.49 445.94 241.96 358.72

Marginal rates of return under the low field price scenario for the 2009/10 and 2010/11 cropping
seasons were between 47-144%. The implication therefore is that higher produce prices coupled
with improved soil fertility management practices can ensure the realisation of higher profits and
enhanced livelihoods for the smallholder farmers. The results suggest that there exists a
relationship between the adoption of ISFM technologies and climate variability. The positive
returns in a season considered poor (2010/11) by many maybe evidence that uptake of legume-
cereal crop rotations provided a food security buffer against the climatic shock. In a related
study, adoption of conservation farming (CF) in different agro-ecological regions of Zimbabwe
(low-high rainfall areas) showed that CF practices remained more profitable than traditional

farming practices (Mazvimavi and Twomlow, 2009). This therefore implies that any efforts to
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address soil fertility challenges should also consider enhancing adaptive capacity to climate

variations (Mapfumo et al., 2013).

6.2.4 Farmer perceptions on benefits of ISFM field-based learning alliances

Smallholder farmers in Nyahava perceived that non-monetary benefits of ISFM field-based
learning alliances included: (i) providing channels for information dissemination; (ii) increased
knowledge on use of locally available nutrient sources; (iii) strengthening farmers to pool
demand for ‘external’ inputs; (iv) providing opportunity for members to pool together scarce
resources such as labour for labour demanding technologies and timely farming operations (v)
enhanced food self-sufficiency due to increased productivity among many others. These were
consistent with the characterisation of collective learning processes by smallholder farmers in

Wedza district, south-eastern Zimbabwe (Gwandu et al., 2014).

6.3 Conclusions

Exposure of smallholders to field-based learning alliances led to increased adoption of legume-
cereal rotations. The farmers realised higher maize grain yields and income benefits than their
non-participating counterparts. The high marginal returns for rotations provided an incentive for
ISFM adoption for smallholder farmers. Farmers practicing legume-cereal rotations were
generally food secure and realised income benefits approximately 1.5-2 times higher than those
using conventional farming methods. There is potential to boost productivity among the
resource-constrained groups through enhancing their access to requisite resources. Legume-
cereal rotations provided smallholder farmers within learning alliances with an income and food
security buffer from low produce prices (for the two seasons) and climatic shock in the poor
season (2010/11). These results suggest superiority of ISFM technologies under varying pricing,

farmer capacities and climatic variability scenarios. Hence, smallholder farmers stand to gain
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from cumulative economic benefits through uptake of improved soil fertility management

practices.
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CHAPTER 7

Overall conclusions and recommendations

7.0 Introduction

This chapter gives overall conclusions around the three main themes pursued in this research
study. Recommendations emanating from these main conclusions are also given. The chapter

ends by highlighting areas for further research.

7.1 Conclusions

Smallholder farmers value attributes defining a learning centre with respect to its technical
content, physical location and attitude of the host farmer as a prerequisite for participation in
field-based learning alliances. Socio-economic, physical and demographic attributes of the
farming households influence their decision to participate in any new innovation and the degree
of influence varies with the particular technology being promoted. Participation of farmers
within learning alliances and uptake of improved soil fertility management technologies can be
enhanced through targeting of appropriate technologies to households with characteristics that
favour them. Research initiatives should promote technology adoption by exploring ways of
addressing labour constraints within smallholder farming systems through the development of

cost effective ways of handling technology options that have hitherto remained labour-intensive.

Exposure of smallholder farmers to new innovations such as learning alliances alters their social
interaction pattern and opens up more vertical and horizontal connections. Communication

efficiency in terms of sending and receiving information on new technologies is enhanced with
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an increase in the number of actors within the network. As the number of players within a
network diminishes, information is conveyed through longer paths thus increase the probability
of distortion and/or incomplete transmission of information. Collective learning processes
between smallholder farmers and agro-stakeholders along value chains transforms information
dissemination pathways from predominantly linear models to innovation systems approaches.
Extension approaches that empower farmers through co-learning processes have a potential to
shorten the innovation diffusion process and thus, increases the likelihood of technology uptake
among smallholders. Adoption can also be enhanced through developing policies and
institutional mechanisms that encourage collective participation and enhance ability of

smallholders to integrate improved technologies in their farming systems.

Farmers’ heterogeneity in socio-economic circumstances invariably leads to differential impacts
of promoted technologies on smallholder households. Research and development initiatives
should take cognisance of these variations if new innovations are to generate impact at scale.
While the resource-endowed farmers generally have a relative advantage and capacity to adopt
new technologies, adoption of improved soil fertility management options by the less endowed
farmer groups enhances their food security and income benefits. Adoption of these soil fertility
enhancing technologies by resource-constrained farmers may be improved through establishing
complementary mechanisms such as localising markets for enhanced access to requisite inputs

or provision of agricultural credits.

Facilitation of action-learning processes in the initial stages had their own limitations especially
in trying to harmonise and co-ordinate institutional mandates. This was so because some
institutions were not represented at the micro-levels and the lack of a shared vision even
amongst the represented organisations. The formation of innovation platforms (IPs) established

at national (NIP), district (DIP) to ward (WIP) levels then provided for technical backstopping

86



through linkages with the relevant players. Another challenge was that of power relations within
the community which had the potential to stall innovations. However, to circumvent this,
consultations were first done through local leaders to seek their approval. Moreover, existing
social structures of communication were used for the established learning alliances as opposed
to the formation of new ones. Instilling a common understanding of participatory action research
(PAR) among farmers, researchers and development partners was also a major issue. A series of
trainings on the principles and concepts of PAR were first given to the diverse stakeholders
through the lead researchers (SOFECSA) prior to the initiation of adaptive experimentation

initiatives at field-based learning centres.

7.2 Recommendations

e Dissemination of soil fertility management technologies should be targeted for wide scale
impact of new innovations within diverse smallholder farming systems.

e Research and development initiatives should empower smallholder farmers and their
partners along agricultural value-chains to enhance information sharing for the generation,
dissemination and adoption of relevant and improved soil fertility management technologies.

e Efforts to promote agricultural productivity in smallholder farming systems should consider
putting in place mechanisms that enhance access to requisite soil fertility management

resources by the farmers.

7.3Areas for further research

This study has shown that there is scope for promoting uptake of ISFM technologies through

participatory action research approaches across diverse resource endowed farmers where
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conventional research approaches have often failed to stimulate adoption of soil fertility

management technologies. Future research work can include the following:

Enhancing market linkages for smallholder farmers to participate in competitive markets
with a particular focus on collective action in the marketing of produce and procurement of
ISFM inputs.

Exploration of more mechanisms that drive innovation rather than focussing on individual
farmer attributes which have been shown to yield both positive and negative influence on
adoption of improved technologies in different studies resulting in inconsistent conclusions
about their actual effect on uptake of technologies.

Evaluation of tradeoffs among different ISFM options in the longer term as some technology
options take time before farmers begin to realise benefits, and factoring in climate change
variability.

Exploration of the effect of social networks on the adoption cycle with a special focus on

smallholder farmer resource categories
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APPENDICES

Appendix1: Geodesic path closeness centrality for a learning alliance participant farmer in
Chinyika east, Zimbabwe

Closeness Centrality Measures

1 2 3 4
inFarness outFarness 1inCloseness outCloseness
6 Tocal_frs 28.000 32.000 96.429 84.375
1 farmer_exp 29.000 30.000 93.103 90.000
2 nat_extn 33.000 31.000 81.818 87.097
10 far_unions 33.000 33.000 81.818 81.818
28 ward_inn_plat 34.000 32.000 79.412 84.375
17 pvt_extn 36.000 39.000 75.000 69.231
19 field_days 37.000 38.000 72.973 71.053
8 seed_houses 37.000 34.000 72.973 79.412
22 agrl_shows 37.000 37.000 72.973 72.973
13 agro_dealers 37.000 38.000 72.973 71.053
7 out_com_frs 37.000 38.000 72.973 71.053
4 distr_inn_plat 38.000 37.000 71.053 72.973
9 fert_co 39.000 39.000 69.231 69.231
20 isfm_Tc 39.000 46.000 69.231 58.696
26 seed_fairs 39.000 43.000 69.231 62.791
15 local_leader 39.000 34.000 69.231 79.412
3 research 40.000 36.000 67.500 75.000
21 cc_lc 40.000 46.000 67.500 58.696
16 universities 40.000 41.000 67.500 65.854
18 fr_grp 41.000 35.000 65.854 77.143
11 mass_media 43.000 43.000 62.791 62.791
14 ngo 43.000 38.000 62.791 71.053
12 prod_mkt 44.000 40.000 61.364 67.500
24 extn_meetings 46.000 47.000 58.696 57.447
23 ext_workshops 48.000 49.000 56.250 55.102
25 Tlc_based_meetings 48.000 50.000 56.250 54.000
27 exch_visit_Tlocal 51.000 50.000 52.941 54.000
5 intreg_know 53.000 53.000 50.943 50.943
Statistics
1 2 3 4
inFarness outFarness 1inCloseness outCloseness
1 Mean 39.607 39.607 69.671 69.824
2 Std Dev 5.833 6.247 10.427 10.621
3 Ssum 1109.000 1109.000 1950.800 1955.068
4 variance 34.024 39.024 108.727 112.804
5 ssQ 44877 .000 45017.000 138959.328 139668.891
6 MCSSQ 952.679 1092.679 3044 .352 3158.510
7 Euc Norm 211.842 212.172 372.772 373.723
8  Minimum 28.000 30.000 50.943 50.943
9  Maximum 53.000 53.000 96.429 90.000
10 N of Obs 28.000 28.000 28.000 28.000

Network in-Centralization = 56.56%
Network out-Centralization = 42.65%

114




Appendix 2: Geodesic path closeness centrality for a non-participant farmer in Chinyika east,
Zimbabwe

Closeness Centrality Measures

1 2 3 4
inFarness outFarness inCloseness outCloseness
2 nat_extn 18.000 19.000 94.444 89.474
1 farmer_exp 19.000 19.000 89.474 89.474
8 local_frs 20.000 20.000 85.000 85.000
4 far_unions 23.000 23.000 73.913 73.913
18 Tocal_Tleader 24.000 23.000 70.833 73.913
10 pvt_extn 24.000 24.000 70.833 70.833
17 agro_dealers 26.000 25.000 65.385 68.000
9 ngo 26.000 33.000 65.385 51.515
16 field_days 27.000 24.000 62.963 70.833
11 prod_mkts 27.000 28.000 62.963 60.714
15 agrl_shows 27.000 24.000 62.963 70.833
3 research 29.000 34.000 58.621 50.000
14 extn_meetings 29.000 31.000 58.621 54.839
5 mass_media 30.000 27.000 56.667 62.963
13 master_fr_training 31.000 32.000 54.839 53.125
12 ext_workshops 31.000 28.000 54.839 60.714
6 universities 33.000 31.000 51.515 54.839
7 intreg_know 34.000 33.000 50.000 51.515
Statistics
1 2 3 4
inFarness outFarness 1inCloseness outCloseness
1 Mean 26.556 26.556 66.070 66.250
2 Std Dev 4.475 4.810 12.405 12.510
3 sum 478.000 478.000 1189.257 1192.498
4 variance 20.025 23.136 153.875 156.492
5 SSQ 13054.000 13110.000 81343.711 81819.680
6 MCSSQ 360.444 416.444 2769.758 2816.857
7 Euc Norm 114.254 114.499 285.208 286.041
8 Minimum 18.000 19.000 50.000 50.000
9  Maximum 34.000 34.000 94.444 89.474
10 N of Obs 18.000 18.000 18.000 18.000

Network in-Centralization = 61.97%
Network out-Centralization = 50.72%
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Appendix 3: Questionnaire

Household ID

Evaluating potential benefits of co-learning processes in promoting use of soil fertility

management technologies by smallholder farmers

NB: This interview must be conducted with the head of the household or his/her adult proxy in a sampled
household. The person selected should be informed about the purpose and nature of the study and that
the information collected will be treated as confidential and must also give verbal consent to be

interviewed.

IDENTIFYING INFORMATION

[3XY

Name of Enumerator

Date of interview

Country

Zimbabwe

District

Makoni

Province

Manicaland

Ward

Village

Name of household head

Ol N|O(OIRlW|IN

Is respondent household head? 1=Yes, 0=No

=
o

2=Child, 3= relative, 4=n/a

If no, relationship of respondent to household head 1=Wife,

GENERAL HOUSEHOLD INFORMATION

Demographic data

Response

Codes

1 Gender of household head

1=Male O=Female

2 Age of household head in years

3 Highest level of education attained by
household head

4 Highest level of education attained by any
household member

1=no formal education, 2=primary
incomplete, 3=primary complete,
4=secondary incomplete, 5=secondary
complete, 6=adult education,
7=vocational training incomplete,
8=vocational training complete,
9=college/university incomplete,
10=college/university complete

Number of members aged 16 and 58 years

Number of members aged below 16 years

Number of members aged 59years and above

(N[O Ol

De-facto residence of household head

1=Local village, 2=Distant town,
99=0ther (specify)

9 Position of household head in community?

1=ordinary citizen, 2=head man, 3=
religious leader, 4=teacher, 5=health
worker,6 = extension worker,
99=other(specify)

10 | How long has the household head been farming
in the village?

Number of years
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LAND OWNERSHIP

C (1). What is your landholding?

Holdings Hectarage
1 | What is the size of your arable land holdings?
2 | How much land did you cultivate in the 2009/10 cropping season?
3 | How much land did you cultivate in the 2010/11 cropping season?
1 hectare=2.471acres 1 acre =0.405 hectares

C (2). How did you acquire your land? 1=received from local head; 2=government resettlement
programme; 3=inherited from parents; 4=bought, 99=other (specify))..................

HOUSEHOLD ASSET BASE

D (1). How many of the following assets does this household own now?

Row

Asset

Do you own? 1=Yes; 0=No

(b) If yes, number owned

Livestock

Cattle

Goats

Chicken

Pigs

Turkeys

OO W N

Guinea fowl

Implements/machinery

\Wheel barrow

Ox-plough

Ox-cart

Cultivator

Motor car
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HOUSEHOLD CROP PRODUCTION AND PRODUCE MARKETING

E (1). What crops did you grow in the 2009/10 cropping season?

PRODUCE DETAILS

PRODUCTION COSTS ($)

CROP

Did
you
grow?
1=Y,
0=N

Area
(acre

)

Qty
harve
sted

(kg)

Qty
saved
for
seed

(kg)

Qty
sold

(kg)

Sell
price

Type of
market?

what
form?

Qty
for
food

(kg

Qty
given
out
(kg)

Tillage
Hired labour
Basal fert
'Top dressing
fert

Seed

Manure

Pesticides

Transport in

Packaging
Transport out

Maize

Groundnuts

Sugar beans

Soyabeans

Cowpeas

Tobacco

Bambara nuts

Sorghum

Millet

PO ONOOTAWIN|F

Other
(Specity).......

Type of market: 1=on-farm to consumers; 2=on-farm to middlemen,; 3=local/village market; 4=district town, 5=distant market; 99=0Other (specify)

In what form: 1=fresh/as harvested; 2=shelled; 3=processed (milled, cooked e.t.c); 99=other (specify)..................

1 hectare=2.471acres 1 acre =0.405 hectares
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E (2). What crops did you grow in the 2010/11 cropping season?

PRODUCE DETAILS

PRODUCTION COSTS ($)

CROP

Did
you
grow?
1=Y,
0=N

Area
(acre

)

Qty
harve
sted

(kg)

Qty
saved
for
seed

(kg)

Qty

sold
(kg)

Sell
price

Type of
market?

what
form?

Qty
for
food

(kg

Qty
given
out
(kg)

Hired labour
Basal fert
'Top dressing
fert

Tillage
Seed

Manure

Pesticides

Transport in

Packaging
Transport out

Maize

Groundnuts

Sugar beans

Soyabeans

Cowpeas

Tobacco

Bambara nuts

Sorghum

Millet

PO ONDOOAWIN|F-

Other
(Specity).......

Type of market: 1=on-farm to consumers; 2=on-farm to middlemen; 3=local/village market; 4=district town,; 5=distant market; 99=0Other (specify)

In what form: 1=fresh/as harvested; 2=shelled; 3=processed (milled, cooked e.t.c); 99=other (specify)..................

1 hectare=2.471acres 1 acre =0.405 hectares
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E (3). Did you sell your produce collectively? 1=Yes, 0=NO.........c.cccveevrvvrrurne. (If no, proceed to E. 8)

E (4). If you sold produce collectively with other farmers, may you please give the following
information?

ow | Attribute Response
What is the name of the collective group?

How many members are in the group?

What are the main activities of the group?

How many times does the group meet per year?
Who initiated this group?

Who sets the produce prices?

Main activity: 1 = Production; 2 = Processing; 3 = Marketing; 4 = Production & processing; 5 =
Production and marketing; 6 = Processing and marketing; 7 = Production, processing and marketing;
99=0ther (specify)...

Who initiated formatlon of thls group? : 1 = Farmer group; 2 = trader group; 3 = individual trader;
4 =NGO; 5 =SOFECSA; 6 =Village/local government leaders; 99 = Other (specify)...

Who sets prlces’? 1=Farmers as a group 2=Traders 3=Farmers in consultation with traders 99 Other

(specify)...

ol w|N| D

E (5). What did you perceive to be the benefits of collective marketing? ...................oooeoeiint.

E (8). If no to collective marketing, why you do not participate in group marketing? .......... 1=Lack of
time, 2=Lack of resources, 3=Prefer to work alone, 99=C0ther (Specify...................

E (9). What are your major constraints to marketing of crop produce? ...........cccecvvvvveiivevesecviesiee.

E (10). Do you have access to the following marketing information?

Row | Information Do you have access? What is your major source of
1=Yes, 0=No information?

Crop prices

Crops on demand

When crops are demanded
Supplies in different markets
Availability of transport

G PB|WIN| -

Source of information: 1=relatives/friends e.t.c, 2=other farmers, 3=government extension workers,
4=mass media, 5=NGOs/research agents e.g. SOFECSA, 6=traders, 99=other (specify)...............
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ACCESS TO AGRICULTURAL INPUTS

F (1). How would you assess your access to agricultural inputs in the 2010/11 farming season?

ow | Type of inputs

(a) Common source

(b ) Distance to common source

Inorganic Fertilizer

Crop chemicals

Animal Manure

Certified seed

vl b|wN|—|

Post harvest insect control chemicals

Common source of inputs: 1=purchased from market; 2=purchased from stockists; 3=purchased from
other farmers, 4=received from government; 5=received from NGOs; 99=other (specify)...

F (2). Did you face any constraints in the previous seasons in accessing inputs? 1=Yes, 0=No...

F (3). If yes, what were your major constraints to access of agricultural

KNOWLEDGE & USE OF SOIL FERTILITY MANAGEMENT TECHNOLOGIES

G (1). What soil fertility mana

gement technologies are you familiar with?

Ro | Technology/ Management (@) Do you (b)Where did (c) Are you using this | (d)When did

w Practice know this you learn about | technology in your you first use
technology? the technology? | main fields? this
1=Yes, 0=No (see codes) 1=Yes, 0=No technology?

1 Cattle manure

2 Compost

3 Legume-cereal rotation

4 Legume-Cereal intercrops

5 Rhizobia inoculation

6 Combinations of inorganic

and organic fertilizers

7 Termitaria soil

8 Leaf litter

9 Sunnhemp

Source of information on technologies: 1=Government extension workers, 2=SOFECSA meetings,
3=NGO (specify), 4=0ther farmers, 5=Mass media, 99=0ther (specify)

HOUSEHOLD INCOME SOURCES

H (1). How much income did your household receive in the past 12 months? (Ask for each
source one at a time and if the household does not get income from that source, move to the

next)
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Sources of Income Do you get income from this | Estimated income in the
source? 1=Yes, 0=No past 12 months (USD)

Remittances

Crop sales

Vegetable sales

Livestock sales and products

Hiring labour out (Maricho)

Self employment

Formal employment (non-agric)

Beer brewing

OO NOO TP W N -

Credit received (in cash and
kind)

10 Petty trading

11 Crafts

Other(specify)

HOUSEHOLD ACCESS TO CREDIT

I (1). Have you ever accessed credits for your agricultural activities in the past 12 months? 1=Yes,

I (2). If yes, did you access the following inputs on credit?

Row | Type of credit Did you access? 1=Yes, 0=No
1 Seeds

2 Inorganic Fertiliser

3 Crop chemicals

4 Working capital (cash)

ACCESS TO AGRICULTURAL INFORMATION AND KNOWLEDGE

J (1). What are your major sources of agricultural information and knowledge? ..........c.ccoovevveiviieiiinens

J (3). Have you ever visited a SOFECSA learning centre? 1=Yes; 0=NO ...................

J (4). If yes, what did you learn at the learning centre(8)? ........oeeviiririiriiiiiiie e e
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J (7). If yes, which technologies have you adopted specifically? ...........c.coveiiiiiiiiiiinini e,

J (10). What are your major limitations to effectively share and access agricultural knowledge and
1o 00T X0 PRI

J (12). How would you rate the methods/approaches of research / advisory / training services that you
have received from various agro-stakeholders (e.g. SOFECSA) in the past two years? (not more than
four)

Perception on

(a) Which organization |(b) (c) (d) (e) 0)

have you been receiving |Methods/  |Usefulness of | Timeliness of Collaboration | Frequency of
agricultural services approaches |advice/ service with farmers interactions
(information, used research provision with farmers

technologies, training
etc) from?

Perception on methods: 1=Very Poor, 2=Poor, 3=Good, 4=Very Good

Perception on usefulness of advice: 1= Not useful, 2= Somehow useful, 3= Useful, 4= Very useful
Timeliness of service provision: 1= Untimely, 2= Always provided late, 3= Not always timely, 4= Timely
Collaboration: 1 = Very poor 2 = Poor, 3 = Good, 4 = Very good

Frequency of interaction: 1= Very infrequent 2= Occasional 3= Regular 4= Very Regular

SOCIAL CAPITAL (Interaction with other farmers, farmer groups, institutions, NGOs e.t.c)

K (2). In the past 12 months, how often has a member of your household participated in the following?

Row | Aspect Rating of occurrence
1 Participated in a community development activity.

2 Made financial contribution for community activity or collective problem.

3 Been involved in settling conflicts or disputes among people.

4 Visited other farmers within this community to learn about agriculture.
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5 Visited others farmers outside this community to learn about agriculture.

6 Visited a community demonstration site to learn about agriculture.

7 Visited an extension office to learn about agriculture.

Rating of occurrence: 0=never happens, 1=poor, 2=average, 3=very good, 4=excellent

HOUSEHOLD FOOD SECURITY

L (1). How long did your harvest of the main cereal crop from the 2009/10 season last (in months)?

L (2). In the past 12 months were there months in which you did not have enough food to meet your
family’s needs 1=Yes, 0=No ............
L (3). If yes, what coping Strategies did YOU USE? .........cccerererririeiieiniesiesenese s

L (4). How long do you think your harvest will last this time (2010/11 season) in months? ............

L (5). Household dietary diversity
In the last 24hours has your household consumed any of the following foods?

Row | Food Types of foods Has your household | How many days in the
consumed? (1=Yes, | past 7days have you
0=No) consumed this food?

1 Cereals Foods made from maize,

sorghum, millet, or other local
grains

2 Vitamin rich Carrots, sweet potatoes, or

vegetables & tubers | pumpkins that are yellow or
orange inside

3 White tubers & roots | White potatoes, yams, cassava,

or foods made from roots

4 Dark green leafy Sweet pepper, dark green/leafy

vegetables vegetables including wild ones

5 Vitamin A rich fruits | Ripe mangoes, papayas or other

Vitamin A-rich fruits (incl
wild)

6 Meat Beef, pork, goat, chicken, wild

game or blood-based foods

7 Eggs Eggs

8 Legumes, nuts & Beans, peas, lentils, nuts, seeds

seeds of foods made from these

9 Milk &products Milk, cheese or milk products

10 Oils & fats Oil, fats or butter added to food

or used for cooking

11 Sweets Sugar, honey or sugary foods

12 Caffeine or Coffee, tea, alcoholic beverages

alcoholic beverages | or local examples

13 Fish Fresh or dried fish
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