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Abstract

Investment in soil fertility over the past three decades in southern African maize based systems
has brought many novel technologies on legume diversification but has seen minimal uptake
by smallholder farmers. This thesis investigates the utilisation of maize-legume intensified
systems among smallholder farmers in Malawi using a mixed methods approach across three
study questions: (i) What is the role of land size and use orientation of legumes in maize-
legume intensified systems?; (i) What is farmers’ motivation for integrating legumes only to
a part of their maize area?, and; (iii) What factors affect women farmers’ intentions to increase

area under improved maize-legume integration?

A conceptual framework on legume diversification is developed from the Theory of Planned
Behavior (TPB) to explain farmers’ motivation and intentions. The framework demonstrates
how goal-related outcomes from legume diversification can be influenced by farmers’
attitudes, subjective norms and perceived behavioural control when they can make informed
choices on legume diversification. Furthermore, a metric for benchmarking partial legume
diversification is developed to estimate the degree of utilisation at farmer level. Both of these
form the theoretical foundation of this thesis. Focus group discussions were then used to
develop research questions on motivation and intentions. From this basis, structured
questionnaires, focus group discussions and key informant interviews were used to explore the
specific study questions. The quantitative data was subjected to regressions (zero-one beta and

structural equation modeling), while the qualitative data was subjected to content analysis.

The research finds that land size and use orientation for legumes are important factors affecting
amount of legume diversification. Women farmers allocate more maize area to legume
diversification than male farmers due to land limitations. Therefore, women farmers are less
likely to increase maize area under legume diversification unless they trade off some of their
cropping land to diversify more legumes. This is demonstrated in the strength of their intentions
to increase legume diversification. A positive correlation between perceived behavioural
control and their intentions to increase legume diversification is due to independence in
decision making. A long history of utilisation of legumes by women in Malawi has made many
women food security gate keepers. Therefore, they have received knowledge about agronomic
and food security benefits from legumes through socialisation within their families and

communities primarily.



The research also finds that farmers are motivated to increase legume diversification by
immediate expected cash income benefits from legumes and not by the benefit of combined
yield gains from both maize and legumes arising from sustainable cropping environments.
Furthermore, even though farmers generally hold positive attitudes towards legume
diversification, their actual decisions on utilisation are influenced by obligations to extension

services; expectation of incentives, and; social pressure within their communities.

This study shows a strong correlation (r?> = - 0.6) between land size and the amount of legume
diversification of maize systems, and recommends that extension messages be customised on
the basis of a farm-size typology. It also shows that adoption decisions are more influenced by
expected economic outcomes than the inherent value of soil fertility unless there is social
pressure influencing the latter. Furthermore, in a bid to encourage farmers to host on-farm
trials, extension workers influence diversion of subsidised farm inputs under national food
security initiatives as incentives to farmers hosting on-farm trials. Generally some institutional
rules in promotion of agricultural adoption are violated in such ways: overriding village
nomination and endorsement of lead farmers; conferring preferential access to subsidised
inputs given to on-farm trial hosts, and; by-passing deserving farmers in bulk marketing of
legumes. Exclusion has discouraged participation of other farmers in on-farm trials and other

extension modalities for legume diversification.

The thesis recommends that both ecological and economic benefits from improved maize-
legume integration should be emphasized to farmers in the promotion of legume
diversification. This should be supported with attention to institutions within extension

modalities facilitating the promotion.

This thesis brings new insights into smallholder farmer decision making on legume
diversification of maize systems. It demonstrates the importance of customising legume
diversification technologies according to gender of the farmer as well as land size. In addition
it reveals that adoption decisions on legume diversification of maize systems are influenced by
the actions of organisations promoting these as well as farmers’ obligations to the organisations

and their social networks.
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Chapter One: Introduction - Legume underdiversified maize systems

1.1 Overview

Despite advances in agricultural innovations, many agrarian communities in sub Saharan
Africa still cannot access adequate food due to low agricultural production (Fisher & Kandiwa,
2014; Juma et al., 2013; Pretty et al., 2011). In this region, smallholder farmers are slow to
adopt improved agricultural practices and, when they do adopt, they do not fully intensify the
utilisation of the innovation (Friedlander et al., 2013; Grabowski & Kerr, 2014). They may
even discontinue the innovation (Oladele, 2006). In light of this situation, it is believed that
institutional support and proper promotion and implementation of agricultural practices are
needed to improve adoption of innovations to increase food security of smallholders in sub
Saharan Africa (Juma et al., 2013; Mulugetta et al., 2011). However, some institutional support
have contributed to minimal utilization of agricultural practices (Grabowski & Kerr, 2014).
This shows complexity in understanding farmer behaviour hence requiring a variety of
approaches (Willock etal., 1999). The overall objective of this research is to understand limited

utilisation of maize-legume intensified systems among smallholder farmers in Malawi.

Some of the foundational literature on adoption assumes that utility is maximised largely by
increased yield or farm cash incomes (Feder et al., 1985; Griliches, 1957). Early agricultural
adoption studies were based on behavioural analytical approaches that reduced adoption to a
binary classification of adopters and non-adopters. Furthermore, there has been a proliferation
of farmer behavioural analyses employing econometric methods (Dill et al., 2015; Doss, 2006;
Grabowski & Kerr, 2014; Knowler & Bradshaw, 2007; Mendola, 2007; Pedzisa et al., 2015;
Shiferaw et al., 2009) that estimate adoption by varying it between those who utilise a
technology and those who do not. To effectively apply these methods the theory of utility

maximisation (UM) is applied.

The classical approach to explaining agricultural adoption assumes a farmer seeks to maximise
utility from adoption of one or more technologies. The approach estimates the probability that
a farmer takes up an agricultural technology, given personal, biophysical and institutional
characteristics (Doss, 2003, 2006; Feder & Umali, 1993). One advantage of UM approaches is

that a large number of farmers are reached in a short period of time. In addition, hypotheses
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are presented over standard economic assumptions, allowing easy replicability of methods.
Nevertheless, there are no universal variables determining farmer behaviour under these
assumptions (Knowler & Bradshaw, 2007). Relying on these approaches alone has not
adequately explained farmer behaviour (Borges & Oude Lansink, 2016; Glover et al., 2016).
Inadequate understanding of farmer decision making results in insufficient recommendations
to policy makers in agricultural research and extension (Ervin & Ervin, 1982). One way to deal
with this is to employ a variety of approaches to studying farmer behaviour (Willock et al.,
1999).

In furthering our understanding of farmer behaviour, this thesis investigates utilisation of
maize-legume intensified systems among smallholder farmers in Malawi from a backdrop of
minimal utilization and slow uptake of agricultural innovations. It employs a mixed methods
approach across three study objectives. The research is premised on utility maximising
behaviour of the farmer (expected yield increase in maize and legumes as well as inherent value
of soil fertility from legume diversification). It focuses on farmers’ perceptions, attitudes and
motivation as decision drivers. Analytical approaches used in this research include

econometric, socio-cognitive modelling as well as content analysis.

Some words that appear in different contexts in this thesis are defined as follows: ‘Adoption’
is not referring to a situation where old technologies have been replaced as in ‘full adoption’
as characterised by (Rogers, 2003). Rather it is a state where a farmer is using the technology
to any degree. Following Feder et al. (1985) the degree of utilisation is determined by the ratio
of the area under the technology to the potential area where it can be applied. ‘Legume
diversification’ is the interaction of legumes and cereals in improved intercrops and rotations
for the purpose of building nutrient base for maize (Mhango et al., 2013). ‘Maize-legume
intensified systems’ refer to the ultimate maize-based system integrated with legumes in a
pattern that achieves ecological and economical sustainability. ‘Female household heads’
referred to in this thesis are de-facto considering temporary migration of spouses to towns and

cities in search of alternative livelihoods to agriculture.
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1.2. Research background

1.2.1 Improved maize-legume integration

Maize cultivation dominates the smallholder farming systems of southern Africa due to its
staple nature. Small landholding sizes, low resource endowment and human population
increase put smallholder food production systems in this region at the margin. Increased maize
productivity can be achieved by utilising low cost sustainable agricultural practices (Pretty et
al., 2011). Furthermore, farmers should adopt and increase utilisation of improved soil
management technologies that directly increase their access to food (Smith et al., 2016). An
example is doubled-up legume rotations (DLR), a novel legume diversification technology in
maize-based systems. This technology involves intercrops of two legumes with complementary

growth habits for two years followed by a maize rotation in the third year.

Picture A: A doubled-up legume of groundnuts (Arachis hypogaea) and pigeon pea (Cajanus

cajan) (soure: www.africa-rising.net)
Otherwise farmers in southern Africa have for a long time interacted legumes with maize in
different ways including legume-maize intercrops and legume-maize rotations as shown in
pictures B, C D and E. Mixed cropping of cereals and legumes has mainly involved grain
legumes due to their multiple uses of soil fertility replenishment, food and fodder (Nyende &
Delve, 2004; Schulz et al., 2003; Waldman et al., 2016). This fits well where landholdings are
small so that legume technologies do not deprive farmers of land for staples like maize (Snapp
etal., 2010).
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Most food produced by African subsistent farmers is cultivated on 2ha average (Cromwell &
Winpenny, 1993). In regions where maize cropping systems are dominant, up to 70% of the
cropped area is allocated to maize and the other area takes legumes, other cereals and roots. In
addition a few farmers may grow cash crops such as tobacco and cotton (Snapp et al., 2002).
The effect of small land sizes; nutrient deficient soils; changing climate and increasing
population have held many populations at risk of deeper poverty and starvation. Many maize
and legume innovations have received great attention by national governments because of their
role in household food security in this region. In light of this, institutional support to promotion

of legume diversification technologies is a standard practice.

Picture B: maize-soybean intercrop (source: Penjani Kamanga)
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Picture D: A soybean plot to be rotated with maize in the background in a succeeding season

(source: Penjani Kamanga)
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Picture E. A Bambara nuts (Vigna subterranean) plot to be rotated with maize in the

background in a succeeding season (source: Penjani Kamanga)

1.3 Institutional support to improved maize-legume integration in Malawi

The staple nature of maize and the importance of legumes in human and animal diet in Malawi
have influenced agricultural policies that enhance research and extension on maize and legume
technologies including varietal development and agricultural practices (Chinsinga, 2004, 2011;
Chirwa, 2005; Ricker-Gilbert et al., 2014). The national farm inputs subsidy program has been
implemented since 2005 and it has always involved maize, legumes and mineral fertilisers to
improve national food security and propel an agricultural-led economic growth (Dorward &
Chirwa, 2011). In addition to provision of free legume seed and subsidised maize seed, the
government has implemented participatory on farm research on maize and legume
combinations nationwide through Malawi Maize Productivity Task Force and Agricultural

Sector-wide Approach — support project.

Similar programs have been implemented by international agricultural research institutes and
other development partners. This has not only increased legume seed availability but has also
enabled many farmers intensify legumes in their maize systems. However, many farmers
continue to underutilise these legumes despite their proven soil and nutritional benefits

(Waldman et al., 2016). Previous research in southern Africa has attributed this underutilisation
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to lack of germplasm, limited landholdings, inadequate labour, ecological adaptability issues
(Mhango et al., 2013) and an inadequate enabling environment such as low legume prices or
uncertain markets (Giller et al., 2011; Thierfelder et al., 2012). But controlling for ecological
factors and farmers’ preferences suggests that uncertain markets and low legume prices are the

most important constraints.

This study was set on a background that maize-legume intensified systems have been promoted
by external agencies to help farmers achieve food security while maintaining ecological
resilience. Legumes have also been part of maize cropping systems since settled agriculture
was introduced in Africa. In addition, maize and legumes have culturally formed an important
part of human diet and animal feed in the southern African region, where women take an

important role in food production and home management (Kerr et al., 2007).

Women farmers who are female household heads have the most land and labour constraints in
sub Saharan Africa (Doss, 2001; Geisler, 1993). This shows that they face different contextual
and institutional challenges from male farmers to utilise agricultural technologies. From this
discourse, this thesis also singles out female household heads as women farmers to understand

which factors affect their intentions to increase utilisation of maize-legume intensified systems.

The overall research objective is explored through these three research questions:

1. What is the role of land size and use orientation for legumes in maize-legume intensified
systems?

2. What is farmers’ motivation for intensifying legumes only to a part of their maize area?

3. What factors affect women farmers’ intentions to increase area under improved maize-

legume integration?

These research questions have been explored through the following papers that also comprise

the pillars of chapters 2-6 in this thesis:

a. Understanding smallholder farmers’ utilisation of maize-legume intensified systems.
(Literature and methods).
b. Utilisation of doubled-up legume rotations in Malawi. Does land size and use

orientation for legumes matter? (Literature, methods & results).
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. Identifying factors influencing women farmers’ intentions to increase doubled-up
legume rotations in Malawi (Results).

d. Understanding smallholder farmers’ motivation for increasing doubled-up legume
rotations in Malawi? (Results)

e. How do institutions within agricultural extension modalities impact on the utilisation
of agricultural innovations? A case of maize-legume intensified systems from Malawi
(Results).

In summary, the research questions cover smallholder farmers’ motivation for improved maize-
legume intensified systems from the perspective of environmental and economic goal-related
outcomes. Since many agricultural practices have been promoted by external organisations
including governments and international agricultural research institutes in Africa, the thesis has
also looked at how farmers’ perceptions of institutions within extension modalities impact on
farmers’ utilization of improved maize-legume intensified systems. In Malawi, as in most sub
Saharan African countries, there is a strong sense of social capital among rural communities.
Some farming decisions are bound to be made in respect of the people who are leaders or
regarded highly, even though they may not be in the interest of individual farmers. This
behaviour may result from social pressure or just moral obligations (Mzoughi, 2011; Njuki et
al., 2008).

1.4 Research significance

Common approaches to understanding smallholder adoption of legume diversification
technologies rely on enumeration of farmers using the technologies. This research has gone
further to estimate the amount of utilisation at farmer level and used that to benchmark the
meaning of minimal legume diversification. A metric for assessing the extent of utilisation of
improved maize-legume intensified systems is thus developed as a legume integration index
following (Waldman et al., 2016). It is given as a ratio of the area under improved maize-
legume intensified systems to total maize area considering that many farmers only dedicate a
part of their maize area to legume diversification technologies. In addition, the thesis concludes
that messages on promotion of legume diversification should be customised with respect to
land holding sizes and gender of the farmer. Social pressure within a realm of social capital

and farmers’ obligations to organisations promoting agricultural technologies are some of the
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factors that this research has revealed to influence farmers’ adoption decisions on legume

diversification.

Research questions have been logically sequenced in the following thesis structure comprising

chapters 1-7

1.5 Thesis structure
Chapter one provides the research background, the research objectives, the significance of the

research, and the structure of the thesis.

Chapter 2 is a manuscript that develops a conceptual framework for understanding the minimal
legume diversification of smallholder farmer maize systems in southern Africa. This concerns
decision making processes and the motivation for those decisions. The study recognises that a
lot of adoption literature is based on utility maximisation theories hence it is centred on
economic rationality. Even though this takes into account some psychological factors like
preferences and motivation, the analytical methods are different from those developed by
psychologists in measuring the same psychological factors. Most importantly, socio-
psychological analytical approaches provide a detailed measure of latent. One pertinent socio-
cognitive theory is the Theory of Planned Behaviour (TPB) (Ajzen, 1991). In this theory,
intentions represent behaviour and they are determined by three psychological factors referred
to as constructs namely: attitude, subjective norm, and perceived behavioural control. These
constructs are derived from behavioural, normative and control beliefs in relation to a
behaviour under investigation. This manuscript presents one main part of the theoretical

foundation of this thesis.

Chapter 3 is a manuscript estimating the probability that a farmer increases area under doubled-
up legume rotations (DLR). It sets out by establishing a metric for estimating amount of legume
diversification using a case of DLR. The metric is established based on maize area under
improved maize-legume integration based on doubled-up legume rotations (DLR). It is
determined by the proportion of the area under maize-legume integration to total maize area.
The metric can also be used to record progression in amount of utilisation of an agricultural
technology considering that many farmers generally take up agricultural technologies as trials

and slowly increase the area for the technology. The metric is tested against household level
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factors and perception of superiority of DLR to other legume diversification technologies; use
orientation for DLR legumes; perception of the level of fertility of maize area; and, past
utilisation of other green manures to estimate the probability that a farmer increases area under
DLR.

Zero-one beta regression is used in this task because the dependent variable was bound between
0 and 1 including the thresholds. This chapter further completes the theoretical foundations.
Three major findings from this chapter are used in further investigation in chapters four and
five: (i) farmers with relatively more cropping land dedicate smaller areas of maize for legume
diversification; (ii) Women farmers are less likely to increase legume diversification; (iii)
Farmers with relatively more land grow the same DLR legumes in sole cropping and have little
attention to green manures. Because women farmers belonged to farmer typologies with the
least land holding sizes, Chapter 4 particularly targeted women farmers to identify factors

affecting intentions in increasing DLR.

Chapter 4 is a manuscript investigating factors affecting women farmers’ intentions to increase
improved doubled-up legume rotations. This comes from land limitations (Chapter 3) yet they
are responsible for managing food crops in the homes. And due to their status as household
heads, they have independence of decision making hence better placed to make cropland trade-
offs if they have to. The Theory of Planned Behaviour is applied to test correlations between
direct and indirect constructs relating to attitude, subjective norms, perceived behavioural
control and intention. The results show that women farmers have a strong perception of
competence in legume diversification of maize systems and they show strong intentions to

increase DLR.

Chapter 5 is a manuscript presenting farmers’ motivation for diversifying their maize systems
with legumes. This is from a backdrop that farmers with larger land sizes relatively integrate
less legumes in their maize area as found in Chapter 3. Therefore, this part of the study was
developed to investigate farmers’ motivation for partial utilisation of DLR. Following
(Bergevoet et al., 2004) motivation for DLR was conceptualised as goal-related outcomes from
DLR: legume diversified crop systems and increased farm cash incomes. A structural model
was developed between these two goals and attitudes, subjective norms and perceived
behavioural control on DLR. Findings showed that the goal-related outcome concerning

improved legume diversified cropping systems was significantly influenced by attitudes and
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subjective norms. Whereas the goal-related outcome concerning increased farm cash incomes
was significantly influenced by perceived behavioural control and attitudes. Further to this
modeling, a probit analysis followed two years later to test the probability of increasing DLR

using the goal-related outcomes as main variables.

The sample of farmers was divided between those who had increased area under DLR and
those who had not or had reduced. The second analysis validates the influence of positive
perception of the goal-related outcome concerning improved legume diversified cropping
systems on the likelihood of increasing area under DLR. The results show that promotion of
legume diversification technologies such as DLR should target fora with rich social networks.
Social networks, social norms and influence of organisations promoting agricultural
technologies led to Chapter 6. This chapter investigates farmers’ perceptions of three
agricultural extension modalities impacting the promotion of maize-legume intensified

systems.

Chapter 6 is a manuscript investigating farmers’ perceptions of institutions impacting the
utilisation of maize-legume intensified systems in Malawi. This chapter looks at three
extension modalities on promotion of legume diversification among smallholder farmers: on-
farm trials; use of lead farmers and facilitation of legume marketing. Many on-farm trials come
with inputs support to farmers hosting the trials. However extension workers have in some
cases used farm inputs from some national farm inputs subsidy programs to encourage good
management of the trial. This has led to antipathy in these situations hence threatened continued
attention to consistent legume diversification. On use of lead farmers this work finds that lead
farmers do not always have the correct information about integrating legume diversification
with other maize innovations. They are also not approved by other farmers in their community
particularly if extension workers influenced their identification. Legume marketing was
facilitated by agents promoting legume diversification. Not all farmers accessed such a facility
and did not sell most of legumes like soybean. This chapter marks the end of the manuscripts.

Chapter 7 discusses the major findings and presents conclusions and recommendations.
Chapter seven discusses the major study findings by integrating the findings presented in

Chapters 2- 6.

Figure 1.1 presents a logical sequence of the chapters.
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Research Aim:
To understand smallholder farmers' decision making on legume diversification of maize-based systems in Malawi

Research Questions:
* What is the role of land size and use orientation for legumes in maize-legume intensified systems?
* What is farmers” motivation for intensifying legumes only to a part of their maize area?
* What factors affect women farmers' intentions to increase area under maize-legume intensification?
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ABSTRACT

This paper proposes and tests a framework for analysing smallholder farmers’ decisions on
legume diversification of maize systems from a background of legume under diversification
among smallholder farmers despite decades of research and promotion in Malawi. This is
important for designing relevant strategies for technology diffusion as well as stimulating
increased utilisation. The framework adapts two decision models: (i) the Theory of Planned
Behaviour with a hypothesis that goal-related outcomes from utilisation of maize-legume
intensified systems represent farmers’ motivation, and (ii) the action situation of the
Institutional Analysis and Development framework due to the influence on decision making
arising from interactions between farmers and proponents of agricultural technologies. The
framework is applied to data from 380 smallholder farmers diversifying legumes using
doubled-up legume rotations in Malawi. Perceived benefits from legume diversification
(attitudes) influence farmers’ perceptions of goal-related outcomes concerning increased farm
incomes, better soil health and crop diversity. Perception of institutions and social norms on
legume diversification (subjective norms) under external support influenced goal-related
outcomes dealing with soil health and crop diversity only. While perceived competence to
manage legume diversification technologies (perceived behavioural control) only influenced
the pursuit of increased farm incomes. The framework demonstrates that social pressure,
incentives and moral obligations are some of the key factors raising positive perceptions on
institutions and social norms regarding legume diversification. It identifies decision areas for
stimulating increased utilisation of sustainable agricultural practices from the viewpoint that
external agencies provide social spaces for farmers’ interaction. This has implications on their

commitment to adoption or continued utilisation of agricultural technologies.

Keywords: adoption; farmer behaviour; institutions; motivation; soil fertility.
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1. Introduction

Low soil fertility due to many years of continuous maize cultivation is a barrier to increasing
maize yields in southern African cropping systems (Snapp et al., 1998). Limited landholdings
and general low resource endowment in this region suggest that maize productivity can only
be increased through carefully managed low-cost sustainable production systems (Pretty et al.,
2011). Rising fertilizer prices and varying climatic conditions over the past three decades in
southern African region have led to the increased attention from national governments to low-
cost sustainable agricultural practices such as legume diversification of maize-based systems
(Ortega et al., 2016; Smith et al., 2016). In this paper we have shortened the description of the
technology change that we are referring to — the interaction of legumes and cereals in
improved intercrops and rotations for the purpose of building nutrient base for maize (Mhango
et al., 2013)— to ‘legume diversification’. This occurs because nitrogen fixing legumes that
are incorporated into maize systems can improve soil fertility and soil organic matter through

natural fixation and residue incorporation (Snapp et al., 2002).

Despite the positive role of legumes in rehabilitation of soils and improving food security,
adoption remains low in southern African smallhoder maize-based systems (Mhango et al.,
2013; Waldman et al., 2016). The adoption of legume diversification technologies have been
limited to what may be considered trials for years. Explanation for low uptake of these
technologies in southern Africa has been: minimal landholdings; low legume prices; thin
markets for legumes; inadequate legume germplasm; high labour requirements, and; poorly
adapted legume varieties (Giller et al., 2011; Grabowski & Kerr, 2014; Mhango et al., 2013;
Snapp et al., 2002). This is against a backdrop that sustainable agricultural practices have
environmental benefits and when consistently utilised, provide a long term solution to fighting

food insecurity whilst achieving environmental sustainability ( Pretty et al., 2011).

The purpose of this paper is to propose and test a framework for understanding how smallholder
farmers’ decision on the amount of legume diversification can be influenced. Doubled-up
legume rotation (DLR) is an example of legume diversication technology that is used in the
proposed framework. This technology involves intercrops of two legumes varieties that each
have complementary phenology for two years and rotating them with maize in the third year
(Kerr et al., 2007; Snapp et al., 1998). Typically pigeon pea has been used for ‘doubling up’
with soybean and groundnuts due to its long maturity characteristics and minimal competition

for nutrients (Snapp et al., 2010).
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2. Literature review

Before presenting the theoretical foundation for the proposed framework we discuss decision
frameworks on environment related practices on farms. Ervin & Ervin (1982) were the first to
develop a model that integrated personal, institutional, physical and economic factors to
explain farmers’ decisions on soil and water conservation practices. They observed that
previous approaches leaned on particular disciplines and did not adequately inform U.S.A
policy makers. Their approach centred on matching farmers’ perception of the problem of soil
erosion with effort on soil conservation effort. Perception of the degree of soil erosion;
education; attitude towards risk; estimated cash gains to the farm, and; participation in
conservation projects were positively associated with the amount of conservation effort. This
study laid a foundation for farmer behavioural modelling on environmental management
practices as it combined cost-benefit and attitude related models. Later scholars substantiated
some of these findings by concluding that farmers’ commitment to investment in soil erosion
practices could be investigated using farm level and personal factors (e.g., Rahm & Huffman,
1984; Uri, 1997).

Ervin and Ervin (1982) conceptualised their decision model on a variety of soil conservation
practices including cereal-legume rotations. Both of these and the later scholars cited above
studied American farmers. It is important to also include literature from Africa, particularly
conceptualising legume adoption in maize systems in this review. Haigis et al. (1998) proposed
that smallholder farmer understanding utilisation of sustainable agricultural technologies
should incorporate factors across biophysical (soils, rainfall patterns), technical (management
requirements), institutional (input and output markets, extension services, land tenure) and
sociological variables (gender issues, cultural values, prestige) and also expected farm
incomes. Similarly Ojiem et al. (2006) noted that the poor adoption of legumes in Africa was
due to lack of simultaneous address to constraints in biophysical, socio-economic and
institutional environments. However, Schlecht et al. (2006) noted that such approaches were
only identify knowledge gaps for further specific research in the areas proposed by the
frameworks. These authors gave an account of various modelling that followed Haigis et al.
(1998) ideas and identified their shortfalls. These are not presented in this literature review. In
brief, the later models analysed by Haigis et al. (1998) show that adoption decisions are
ultimately made regardless of proponents’ evaluation of a technology or its bio-physical and

economic characteristics as well as the existing institutional environment.

29



Further analysis on earlier agro-ecological models on soil fertility management showed that
socio-economic factors were skipped and only became incorporated when it became apparent
that potential benefits of environmental management practices were necessary to stimulate
adoption (Ruben et al., 1998). Dent et al. (1995) had earlier argued that leaving out socio-
economic component becomes complex in standardisation of factors in a farming system
context with inconsistent preferences, and various beliefs of farmers and organisations.
However, individual farmers’ decisions are based on their resource endowments, farming goals
and socio-economic environments (Stoorvogel et al., 1995). In addition, the decisions are
influenced by friends, neighbours, family members as well as social networks (Dent et al.,
1995).

From this literature three psychological variables stimulating utilisation of agricultural
innovations can be identified: perception of risk, perception of benefits, and; obligation to
agencies promoting agricultural innovations and to farmers’ social networks. Since decision
making lends itself to various socio-economic and psychological variables, a diversity in
approaches to behavioural analysis (Willock et al., 1999) furthers our understanding of factors
affecting agricultural adoption. Socio-psychological analytical methods provide more detailed
measures of psychological factors like perceptions, attitudes, intentions and even motivation.
These approaches provide alternative explanations to utility maximisation, which has informed
an array of agricultural adoption since the analysis of diffusion of hybrid corn in the U.S.A by
Griliches (1957). This paper proceeds as follows: theory, framework development, case study

and conclusion.

3. Theoretical foundation

The view that farmers adopt agricultural innovations to improve farm productivity and farm
incomes (Rahm & Huffman, 1984) has influenced farmer behavioural analytical approaches
that put economic rationality at the centre of decision making (Doss, 2006; Feder et al., 1985).
However, by only emphasising on the opportunity cost of not taking up an agricultural
innovation other behavioural influences are overlooked (Borges et al., 2015). For example,
adoption decisions may be influenced by obligations to organisations promoting agricultural
practices (Mutenje et al., 2016). In addition, they may be influenced by perceived benefits from
adoption. However, these benefits have often been perceived differently between farmers and
proponents of agricultural technologies (Borges et al., 2015). Due to this, some farmers have

only minimally utilised the technologies or even abandoned them (Graham & Vance, 2003).
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Lastly, adoption decisions are affected by resource endowment as commonly held in the
random utility framework. With this background we seek to demonstrate how farmer behaviour
may be explained by drawing insights from the Theory of Planned Behavviour (TPB) and the
action situation of the Institutional Analysis and Development framework (IAD). The TPB
demonstrates the influence of personal, sociocultural, and control factors on decision making.
The IAD framework demonstrates the influence of formal and informal institutions within

decision situations.

The assumption of economic rationality has been fundamental both in large scale market-
oriented farming (Feder et al., 1985) and in smallholder subsistent farming (Juma et al., 2013;
Pretty et al., 2011) under utility maximising theories. However, it is inadequate to explain all
of what influences decision making in smallholder farming context (Juma et al., 2013; Umar,
2014). Other aspects of human behaviour arise from motives that may be perceived irrational
by others (Vanclay & Lawrence, 1994), such as social pressure or moral obligations (Mzoughi,
2011). Therefore, adapting theories dealing in multiple drivers of behaviour enables us to
explain other factors that may influence farmer decision-making than perceived economic

gains.

One of the behavioural theories describing volitional human behaviour is the Theory of Planned
Behaviour (TPB) (Ajzen, 1991). This is a socio-psychological theory that has evolved from the
Theory of Reasoned Action (Fishbein & Ajzen, 1975). It explains a person’s behaviour whether
rational or not, in terms of their attitudes, perception of social norms and perception of control
on the intended behaviour. These three constructs are estimated through expectance-value
based judgement enquiry. The TPB accounts for constraints to accomplishing a behaviour. Due
to this element it overlaps with utility maximising theories (Borges et al., 2015). The
components of the TPB touch on the key areas affecting farmers’ decision making on

agricultural practices that have been summarised in the literature review in section one.
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3.1. The Theory of Planned Behaviour (TPB)
Behavioural intentions are determined by attitudes; subjective norms or social pressure; and
perception of control on implementation of behavioural tasks (Ajzen, 2011), Figure 1 isa

schematic presentation of the TPB.
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Figure 1. The Theory of Planned Behaviour (Adapted from Ajzen, 2005)
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Attitudes are an evaluation of behavioural task beliefs (Ajzen, 1991). The fact that attitudes are
a person’s subjective evaluation of a behavioural task demonstrates the overlap between
expectancy-value and utility maximising theories (Lapple & Kelley, 2013). Subjective norms
are an individual’s beliefs of: (i) whether or not people highly regarded would approve a
behavioural task; and (ii) how these people would behave in regard to that task. The beliefs are
weighted against the individual’s motivation to comply with the opinions of those they regard
highly (Ajzen, 2011). In the context of African smallholder farming, the people that may be
highly regarded are: model farmers; agricultural extension workers; and, council or traditional
leaders. One can argue that subjective norms are closely linked with perception of institutions
on promotion of agricultural innovations. This is because subjective norms may be influenced
by both the support given to farmers to facilitate the attainment of objectives of those
innovations (Pretty et al., 2011) and the lack of it (Ojiem et al., 2006).

Perceived behavioural control refers to the strength of belief in the ability to perform a
behaviour (Ajzen, 1991). It is based on perception of abilities, skills, environmental factors and
access to resources for converting an intention to behaviour (Chatzisarantis & Biddle, 1998).
For example, a person with a strong positive attitude towards a behaviour yet weak self-efficacy

and inadequate resources will have a weak behavioural intention (Miller, 2005).
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3.2. How institutions may influence utilisation of agricultural practices

Institutions as defined in this paper mean “... enduring regularities of human action in
situations structured by rules, norms, and shared strategies, as well as by the physical world”
(Crawford & Ostrom, 1995, p.582). These are revealed through institutional arrangements such
as policies and strategies governing interactions between people and also between people and

organisations in pursuit of individual or shared goals.

Institutional arrangements are common in promotion of agricultural innovations. In Africa they
have operationalised farm-trials; distribution of farm inputs; farmer trainings; and even
advocacy on farm produce prices. Institutions are embedded in these programs to enhance
coordination and networking between farmers and agricultural organisations to achieve some
set objectives (see Pretty etal., 2011). Termination of such coordination and networks impacts
on utilisation of agricultural technologies following loss of attachment or obligations (see
Ojiem et al., 2006). Therefore, understanding farmers’ evaluation of institutions on an
agricultural innovation should reveal some insights into their adoption decisions. Subsequently,
this affects their subjective norms on the innovation. This makes the analytical steps in the
action situation of the IAD framework (Figure 2) relevant. The IAD is a multidisciplinary
framework that was developed for analysing people’s behaviour regarding common pool
resources such as forestry and fisheries, but it has been adapted to different social areas
including public services and governance (Polski & Ostrom, 1999). Through its methodology

we can understand the impact of both formal and informal rules on farmers’ actions.
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Figure 2. Institutional Analysis and Development Framework (adapted from Ostrom et al.,
1994)

33



The focal area of the IAD framework is the ‘ Action Situation’2. People interact in various ways
to attain desirable outcomes from utilisation of a resource or a program. This depends on
individuals’ or groups’ perception of benefits and costs from within the: physical world;
community, and; rules-in use (Polski & Ostrom, 1999). The evaluative criteria of the action
situation starts from understanding the patterns of interaction among individuals and also
between individuals and organisations that have a stake in the activities of the individuals
relating to particular behaviour (Ostrom, 2011). This evaluative criteria determines the

direction of action of an individual in terms of negative or positive.

To contextualise the action situation of the IAD framework in smallholder farming, we
illustrate its three basic components. The ‘physical world’ constitutes organisations, research
institutes, farmers, agro-dealers, farms, and climatic conditions. The ‘attributes of the
community’ are the characteristics of farmers that can be identified in relation to the focus of
a study (e.g. smallholders, women farmers or young farmers, or maize and legume farmers).
Finally, ‘rules-in-use’ may concern criteria for: accessing farm inputs; accessing information
on prices; selection of participants for trials; selection of participants for marketing of
agricultural produce, and; mode of operation (e.g. using farmer cooperatives). Rules-in-use
may not always be written in any document but generally comprise the dos and don’ts that
depict shared norms and operational strategies from which people behave in a certain way,
usually to achieve both shared and individual goals (Ostrom, 2009). Through finding ways to
achieve individual goals variations in adherence to institutions can be observed. Therefore,
studying individual response to institutions leads to understanding aggregated response from a

group - in this case smallholder legume diversification farmers.

In this adaptation the action situation concerns the management of an agricultural practice to
achieve identified objectives as suggested in the physical world by its proponents and also by
the farmers. Patterns of interaction could concern activities for: improving soil fertility; raising
farm productivity, or; raising farm incomes. Outcomes from the interactions can be: improved
soils; food-secure households; improved nutrition; improved marketing of agricultural
produce; expansion of agricultural land; establishment of farmer cooperatives, and; increased

production of certain crops and their complements. During interactions individual participants

3 A detailed description and illustration of the action situation is given by (Ostrom, 2011).
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may make independent decisions on whether and how to obey the institutions and they react

positively where an institutional arrangement is perceived favourable (Ostrom, 2011).

Institutional changes have been proposed to promote utilisation of agricultural practices
including in agricultural credit administration; agricultural extension services and agricultural
marketing services (e.g., Gowing & Palmer, 2008). They have also been used to stimulate
adoption (e.g., Dent et al., 1995; Haigis et al., 1998; Ojiem et al., 2006). One area in which
such change is implied concerns general operations. Institutions may impact differently on
resource allocation decisions between farmers directly participating in activities within the
institutional arrangement and those not. The next section presents a decision framework for
legume diversification adapted from the TPB with insights from the action situation of the lAD

framework.

3.3. A decision framework for legume diversification

Following the TPB, a farmer’s decision on resources to allocate to an agricultural practice,
which is the amount of utilisation can be explained by factors that influence their behavioural
intention. The stronger the behavioural intention predictors the stronger the likelihood of
behavioural prediction. Following a causal relationship between motivation and behaviour in
Self-Determination Theory (see Deci & Ryan, 1985) and the similarity between behavioural
intention and behaviour (Ajzen, 1991), motivation for the behavioural intention can be
presented as goals sought from undertaking a behaviour (Bergevoet et al., 2004). Therefore, to
understand an active behaviour we present the behavioural intention as goal-related outcomes
from legume diversification. The goals mediate behavioural intention predictors and the
behaviour. The behaviour is expressed as decision on size of maize area under legume

diversification in the framework shown in Figure 3.
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Figure 3. A decision framework on legume diversification (Adapted from TPB and IAD)

The decision framework serves to show that behavioural intention predictors of the TPB
modelled on legume diversification behaviour, influence farmers’ pursuit of goal-related
outcomes from legume diversification of their maize systems. To contextualise this, we have
adapted the behavioural intention predictors in structural equations with farmers’ goal-related
outcomes from legume diversification following a behavioural modeling by Bergevoet et al.
(2004). The behavioural intention predictors are discussed with legume production-related

literature.

Even though farmers perceive benefits from legume diversification including soil attributes
and food, reduced diversification may follow where farmers switch to other crop enterprises to
respond to a market opportunity. For example, when smallholder farmers were allowed to grow
tobacco in Zimbabwe, land on which women grew legumes reduced (Muchena, 1994). This
was because male family members, notably husbands took over control of bigger cropping land
to cultivate tobacco while the land remained a family capital. This does open gender debates
on access to production resources by women. But in this perspective we consider that a farm
family goal of increasing farm incomes was pursued except it was at the expense of legume
production. In this regard, discontinued or declined utilisation of an agricultural innovation

may result from increased opportunities for improvement of agricultural livelihoods.
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A second scenario where perceived benefits from legume diversification would influence
behavioural intention is where farmers fail to make use of extra grains that follow increased
legume diversification, particularly on those legumes seldom consumed in the homes. The
primary objective of legume diversification as identified by its proponents is to improve soil
fertility in order to improve cereal yields. This is possible when improved ways of integrating
maize and legumes are followed and legume cultivation is increased. However, increased
legume production has faced a problem of uncertain (Giller et al., 2011; Thierfelder et al.,
2013) and imperfect agricultural markets (Mutenje et al., 2016) in many in southern African

countries.

Unsatisfactory market prices negatively impact farmers’ perception of enterprise viability.
Subsequently, utilisation of agricultural practices in those enterprises declines too unless there
are external agencies encouraging farmers to select those enterprises. In which case this may
be facilitated through some institutional arrangements on marketing such as establishment of
farmer cooperatives for effective market links between farmers and buyers (Pretty etal., 2011).
Institutions and social norms on utilisation of a legume diversification technology under
external support comprise the subjective norms. Further to influence of this is farmers’
expectations of incentives or other support from engaging with external agencies promoting
agricultural development. For example, lack of incentives to utilisation of agricultural practices
in Tanzania saw most farmers abandon agricultural practices when some agricultural projects
phased out (Maguzu & Recoda, 2013).

Lastly, perceived competence for legume diversification concerns access to production
resources to enable continued utilisation. Farmers have control over resources that they directly
access unlike those which they only expect such as gifts, remittances, or farm inputs subsidies.
Therefore, farmers may only minimally or even intermittently practice legume diversification

if they rely on other sources of inputs than their own.

We have illustrated the three core areas of behavioural intention predictors (attitude, subjective
norms and perceived behavioural control) customised to legume diversification. An
exploratory case study is presented to test the decision framework on legume diversification

among smallholder farmers.
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4. A case study on legume diversification technology from Mzimba, Malawi

4.1. Study context and sample

The purpose of this case study is to test the hypotheses of the proposed farmer’s decision
framework on legume diversification. Fieldwork for the study was carried out in Ekwendeni
watershed in Mzimba district in Malawi (Figure 4) between February and May 2015. The study
district was purposefully sampled following a farmer participatory research under a legumes
best bets project established in 1998 called Soils, Food and Healthy Communities (SFHC
project). Sampled farmers were utilising various legume diversification technologies in their
maize systems. Of particular interest to this study was the DLR technology, which has been
described briefly in section one. The SFHC project in conjunction with government extension
workers supplied free legume seeds and advisory services to farmers and by 2010 over 2000

farmers had been reached in the pilot area of Ekwendeni watershed.
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Figure 4. Map of Malawi showing Mzimba district and location of study villages

The study purpose was explained to village leaders to notify their subjects before identifying
study farmers. Individual consent to take part in the study was sought from participating
farmers themselves on the day of data collection. Using simple random sampling technique

390 farmers were sampled from 12 villages as shown in Table 1.
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Table 1. Study villages and sample

Name of village Number of farmers  Number utilising DLR  Number sampled
Mthakopoli Longwe 61 50 33
Hezekiah Longwe 57 57 33
Robert Mseteka 47 47 34
Chinombo Jere 51 51 32
Kaputa Longwe 63 58 32
Yesaya Jere 61 61 32
George Jere 58 43 32
Bandawe Tembo 42 42 32
Mwiza Tembo 64 49 33
Zimoni Jere 56 53 32
Sambo 48 48 32
Robert Ngwira 64 56 33
Total 672 615 390

4.2. Data collection methods

Following standard practice in implementation of a TPB questionnaire, elicitation for key
questions was done through focus group discussions (FGDs) with 30 farmers from three
villages. Responses from the FGDs were shortlisted for a household questionnaire and were
based on questions that targeted (i) farmers’ attitudes, subjective norms and perceived
behavioural control on legume diversification technologies and (ii) perceived goals from
legume diversification of maize systems. Consistent with importance of legume diversification
three groups of goals from legume diversification were identified as; soil health, crop

diversification and farm incomes as presented in Appendix Table Al.

4.3. Data analysis

Data were cleaned in MS excel and 10 questionnaires were removed from the sample due to
inconsistencies in responses. Maximum likelihood Estimation (MLE) of Structural Equation
Modelling (SEM) was used to analyse the data. This was done with Promax rotation to allow
correlation between factors (Lowry & Gaskin, 2014). Structural equations can estimate the
relative influence of constructs that are explained by the same factor (Borges & Oude Lansink,
2016). Furthermore, they test complex relationships between observed and unobserved (latent)
variables (Lowry & Gaskin, 2014).

The structural component of the framework was tested in two-steps. Firstly, an Exploratory

Factor Analysis (EFA) to identify the underlying relationships between measured variables and
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secondly, a Confirmatory Factor Analysis (CFA), to test whether the data fit the hypothesised
measurement model leading to structural model). IBM SPSS Statistics 23 was used to generate
descriptive statistics and to conduct EFA and CFA. In CFA unstable indicators were removed
to minimise model errors. As an exploratory study, the analysis was aimed at demonstrating
the adaptability of the TPB behavioural intention predictors in explaining farmers’ need for

continued legume diversification through the relevance of goal-related outcomes.

Each of the six factors shown in Appendix Table Al represented a latent (factor) variable
connected with observed variables thereby forming measurement models. The measurement
models were theoretically grouped based on interrelationships between latent variables. In
EFA, strength of factor loadings determine the relationship between measurable and latent
variables. Only measurable variables loading consistently and beyond a selected threshold,
usually above 0.350 for samples larger than 300, are selected for model estimation (Hair et al.,
2010).

5. Results

5.1 Socio-economic characteristics

Only 21% of the interviewed farm households were headed by female members. Mean total
land size was 1.3ha (standard deviation (SD) of 0.89). On average a farmer cultivated maize
on 73% of their cropping area and only 38% of this area was under DLR. DLR utilisation
experience was 7.87 years (SD of 2.43). Mean producer/consumer ratio was 0.45 (SD of 0.2).
Access to information on DLR, which was estimated by the number of contacts with
agricultural extension agents on the technology in the previous year was on average 2.34 (SD

of 1.85). Lastly, on average farmers grew 3.0 food crops (SD of 1.1).

5.2 Descriptive statistics of constructs indicators

Appendix Table A2 presents within-construct correlations and means and standard deviations
of the indicators. All within-construct correlations were significant at 0.01 level. In general,
there was a stronger need for DLR in seeking crop diversification (least mean: 3.95) and soil
fertility (least mean: 3.41) goal-related outcomes. Perception of benefits from DLR had the
highest estimated mean (least mean: 3.85). This was expected for an agricultural technology
that had already been adopted and with mean utilisation experience of over 7.0 years. The fact

that estimated means for the need to increase yields and farm incomes were the least (least
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mean: 2.15) of all goal-related outcomes shows that farmers’ perceived benefits from DLR was

not associated with pursuit of increasing farm incomes.

5. 3 Measurement and structural model validation

In EFA, the final model had an acceptable Kaiser-Meyer-Olkin (KMO) value for sampling
adequacy of 0.885, and Bartlett’s test for sampling adequacy was significant (p = 0.000).
Therefore the remaining measurable variables (indicators) shared substantial variance. All
communalities had values of at least 0.380 (Appendix Table A3), and up to 69.7 % of Total
Variance Explained (TVE) was extracted by the 6 factors with all registering eigenvalues above
1.0 (Appendix Table A7), hence adequate (see Lowry & Gaskin, 2014). The minimum value
of factor loadings was 0.474, showing adequate convergent validity for a sample size larger
than 300, as the minimum for such sample sizes is 0.350 (see Hair et al., 2010). Appendix
Table A4 shows pattern matrix and correlation coefficients of all indicators retained in each
construct. Appendix Table A5 shows factor correlation matrix and convergent validity test

results.

The extracted model was valid and reliable following satisfactory average variance extracted
(AVE), Maximum Shared Squared Variance (MSV) and composite reliability (CR) scores as
shown in Appendix Table A5. The minimum AVE was registered on the factor of Perception
of control (Pcontrol) (0.516). All factors recorded a CR of above 0.7. We checked for linearity
of factors by running regressions and all were sufficiently linear (p=0.000). Multivariate
collinearity was checked by testing Variable Inflation Factor (VIF) for all the exogenous
variables simultaneously. This measured a value of one for all. Goodness of Fit statistics for

the measurement and structural models are shown in Table 2.

Table 2. Goodness of Fit statistics for measurement and structural models
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Fit indices
Measurement  Structural

Statistic Thresholds model model Meaning of statistic
CMIN/DF 1-3 2.166 2.153 ratio of Confirmatory Fit Index to degrees of freedom
IFI >0.900 0.960 0.960 Incremental Fit Index
TLI >0.900 0.953 0.953 Tucker-Lewis Index
CFI >0.950 0.960 0.960 Confirmatory Fit Index
RMSEA <0.06 0.055 0.055 Root Mean Square of Approximation
the probability of getting a sample RMSEA as large as its
PCLOSE >0.05 0.096 0.107 calculated value in the given model

5.4. Structural model results

The goodness of statistics validated the proposed model. Table 3 shows that structural relations
were all significant (p = 0.00) except between perception of institutions on promotion of
legume diversification and a perceived benefit of increased farm incomes and between capacity
to diversify legumes and meeting the need for soil attributes as well as to diversify crops. The
rest of the structural relations were all significant (p = 0.00) and are presented in the appendix
Table A6.

Table 3. Structural Model Results

Structural relationship  Estimate  S.E. C.R.  P-value
Cropdiv <---  Pbenefits 466 .052  9.185 Fhx
Soilhealth <---  Pbenefits 418 .059  7.637 falaled
Farmincome <--  Pbenefits 190  .067  3.267 .001
Cropdiv <---  Pinstitutions 322  .046  5.553 Fhx
Soilhealth <---  Pinstitutions 213 .052 3451 il
Farmincome <---  Pinstitutions -113  .062 -1.639 101
Farmincome <--  Pcontrol 416 101  5.710 falalel
Cropdiv <---  Pcontrol 059 .069 1051 .293
Soilhealth <---  Pcontrol .020 .078 .330 741

6. Discussion and conclusion
Identifying goals from a behaviour enabled the current analysis to follow particular attributes

of legume diversification as perceived by farmers and how these may affect the actual amount
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of utilisation in form of maize area dedicated to legume integration. Bergevoet et al. (2004)
applied different analytical approach to show that farming goals were linked with milk quota.
They explained the influence of intention predictors on milk quota, which was presented as
behaviour in their modelling. In this study, the behaviour is the decision on amount of maize
area under legume diversification. Our case for investigation was doubled-up legume rotations.
For purposes of demonstrating the framework we only analysed how this behaviour may be
influenced without comparing variations in the amount of utilisation among farmers. The
variations in amount of utilisation need different analytical methods, which are not provided in

this paper.

In this analysis, goals from legume diversification represent motivation for implementing
legume diversification technologies. The modeling schematically presented motivation
between behavioural intention predictors and the decision. Other scholars have proposed
motivation to mediate behavioural intention predictors and behavioural intention and also
behaviour intention and behaviour (e.g., Herath, 2010). Contrastingly, following Fishbein &
Ajzen (2010) a behavioural intention is theoretically depicting the behaviour. The cause-effect
relationship has been demonstrated through structural equations ending in goal-related
outcomes from legume diversification as motivation. This modeling builds on the work on

farmer behavioural analysis by Bergevoet et al. (2004).

These results suggest possible areas of further enquiry to understand low utilisation of legume
diversification technologies in the study area and the larger smallholder farmer community in
Malawi and southern Africa. For example, detailed analysis on perception of institutions
through other techniques such as content analysis can be used. This is because there are various
ways in which farmers may respond to institutions including; allegiance, dislike, suspicion,
disapproval, or even boycott (see Ostrom, 2011). Farmers’ attachments to organisation
promoting an agricultural technology may encourage obligations to activities that associate
with those organisations. Following this, farmers behave in expectation of that organisation
(Maguzu & Recoda, 2013), and this may include hosting farm trials as a demonstration to other
farmers. Many organisations promoting agricultural technologies in Africa give start up inputs
to farmers and non-farm tools such as bicycles as well as branding materials (t-shirts, cloths,
caps) (Ward et al., 2016). Many farmers receiving agricultural technology have expectations
of these incentives too. Therefore, where they are provided farmers are likely to be obliged to

fulfil the objective of the proponents (agents promoting agricultural technologies).
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In this paper, we have condensed various influences on farmer behaviour from the cited
literature into three areas affecting decision making based on the TPB and action situation of
the IAD framework. These three areas directly affect farmers’ orientation of farming goals
from an agricultural technology and influence the extent to which they utilise it. The proposed
analytical approach furthers the understanding of utilisation of agricultural innovations by
paying attention to resource allocation decisions to an agricultural practice based on three areas
concerning perceptions of behavioural, normative and control beliefs in the TPB. In addition,
it incorporates the implications of the influence of external support through organisations on
farming decisions. In many developing countries it is common to have organisations external

to farmers’ environments interfacing with farmers in promotion of agricultural technologies.

The framework stands on three core areas of the TPB. Firstly, farmers’ perception of benefits
from utilisation of the practice. These benefits can be direct as in achievement of its immediate
objectives. For legume diversification, such objectives can be improving soil organic matter
leading to increased maize yields. Secondly, farmers may feel indebted to continue utilising an
agricultural practice to conform to social networks. They may also be indebted to the agencies
that support farmers in promotion of the practice. This suggestion builds on the evidence that
agricultural projects and organisations provide farm inputs as well as publicity materials (Ward
etal., 2016). The role of institutions on farmer behaviour is adapted from the ‘action situation’
of Institutional Analysis and Development Framework by Ostrom et al. (1994). Thirdly, we
considered farmers’ constraints to utilisation of the agricultural practice as conventionally held
in the random utility framework. The case study shows that farmer behaviour on an agricultural
technology may reflect inadequacy in the enabling environment to fulfil their expectations

despite positively identifying its attributes.

The purpose of the case study was to provide an empirical application of the decision
framework on legume diversification. This framework can explain limited utilisation of
agronomic practices among subsistent farmers in developing regions like Africa because of a
huge presence of organisations aiding farmers to improve their livelihoods. Furthermore, it can
be used to open a discussion for further analysis as illustrated in this study. The established
linkages between behavioural intention predictors and goal-related outcomes suggest that
researchers can determine which goals are most sought by farmers. A behavioural change

intervention can then be aligned with goal-related outcomes most identified alongside intention
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predictors that influence them strongly. Since the framework is based on the close linkage
between motivation and behavioural intention it can also be adapted for pre-agricultural

adoption research to determine level of knowledge relating to a particular technology.

7. Appendix
Table Al. Measurement models, statements, and scales
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Item Statement Scale (1-5)
Perceived agronomic benefits from legume diversification

Pbenefitsl Consistent legume intensification can reduce labour for maize production strongly disagree---- strongly agree

Pbenefits2 Using legume intensification prevents disease incidences on maize crop very unlikely------ very likely

Pbenefits3 Soil fertility for maize production can be restored using legume intensification strongly disagree---- strongly agree

Pbenefits4 There is weed suppression in maize crop following legumes strongly disagree---- strongly agree

Pbenefitsb Other benefit to soils from legume intensification concerns soil organic matter strongly disagree---- strongly agree

Pinstitutionsl
Pinstitutions2
Pinstitutions3
Pinstitutions4
Pinstitutionsb
Pinstitutions6

Pcontroll
Pcontrol2
Pcontrol3
Pcontrol4
Pcontrol5

CropDivl
CropDiv2
CropDiv3
CropDiv4
CropDiv5
CropDiv6

SoilHealthl
SoilHealth2
SoilHealth3
SoilHealth4
SoilHealth5
SoilHealth6

Fincomesl
Fincomes2
Fincomes3
Fincomes4
Fincomes5

Perception of institutions on legume diversification

It is important to follow advice from Extension workers on legume intensification

| have participated in on farm demonstrations for legume intensification

It is expected to take advice on legume intensification from volunteer farmers
Project staff expect me to continue to do legume intensification

It is important to my family members that | do legume intensification

Most farmers near me are doing legume intensification

Perceived competence for legume diversification
I do not have to rent land to do legume intensification
It is easy for me to access seed for both legumes and maize every year
| am confident of legume intensification management techniques
| do not lack labour for legume intensification
I make decisions on the amount of legume intensification to do with my family

Need for diversifying crop production
Increasing the number of crops on my farm is what | want
I would like to have a variety of crops on my farm
| want to grow different varieties of legumes to rotate with maize
| want to have other legumes that are not common here
| want to grow different types of legumes
| want to grow a lot of different food crops

Need for increasing soil fertility for maize production
I want my soils to be rich in soil organic matter
| want to make sure my crops stand on fertile soils
I want to ensure that soil fertility is enriched particularly for maize
All the crops | grow on my farm need rich soil organic matter
I must maintain soil organic matter for all the crops in my farm
Maintenance of soil organic matter mainly for maize is what | seek

Need for increased yield and farm cash incomes
I want to increase farm cash income using maize
| want to produce more legumes for the market
| desire to increase farm cash incomes from all food crops
| desire to increase grains whether legumes or otherwise
| desire to sell any legumes | produce

very unlikely------ very likely
strongly disagree---- strongly agree
very unlikely------ very likely
strongly disagree---- strongly agree
strongly disagree---- strongly agree
very unlikely------ very likely

strongly disagree---- strongly agree
strongly disagree---- strongly agree
strongly disagree---- strongly agree
strongly disagree---- strongly agree
strongly disagree---- strongly agree

most definitely not---most definitely yes
most definitely not---most definitely yes
most definitely not---most definitely yes
most definitely not---most definitely yes
most definitely not---most definitely yes
most definitely not---most definitely yes

most definitely not---most definitely yes
most definitely not---most definitely yes
most definitely not---most definitely yes
most definitely not---most definitely yes
most definitely not---most definitely yes
most definitely not---most definitely yes

most definitely not---most definitely yes
most definitely not---most definitely yes
most definitely not---most definitely yes
most definitely not---most definitely yes
most definitely not---most definitely yes
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Table A2. Mean, standard deviations (SD) and correlations of the indicators

Phenefits2 Phenefits3 Phenefitsd Phenefits5 Pintitutionl Pinstitution? Pinstitution3 Pinstitution4 Pinstitution5 Pcontroll Pcontrol2  Pcontrol3  Pcontrol4 ~ Fincomesl Fincomes2 Fincomes3 Fincomesd Fincomes SoilHealthl SoilHealth4 SoilHealthé CropDiv6  CropDiv7

Phenefits2

Phenefits3 779" 1

Phenefitsd 635" 685"

Phenefitss Y G S 7

Pinstitutionl .Y A) ) 1

Pinstitution2 230 s 3T 3607 6907 1

Pinstitution3 AN 1 VA T A 7 664" 4" 1

Pinstitution4 3387 29 3t 36”7 654" 786" J46” 1

Pinstitution5 207 830 289" 2w 613" 700" 645" T4 1

Peontroll 163" 179t 138" A" 210" 238" 2 250" 27" 1

Peontrol2 057 064 057 109" 21" 2 229" 240" 263" s 1

Pcontrol3 104" 098 158 1857 333" 27" 342" 350" 317 530 a9 1

Pcontrol4 168" AN T | M 369" 402" 350" 457" S c S/ WY < 1

Fincomest 1977 286" 07 05 109" 130 169" 156" A 7 S/ A A £ ' 1

Fincomes? 159" 185 2057 64" 001 043 173" 153" 1090 308" 212 ot a0t 6w 1

Fincomes3 158" 165" 162" 1467 139" 136" 164" 144 147 28" 185 210" 232" 65T 768" 1

Fincomes4 188" w4t 186" 1507 084 071 106" 130" A A </ S . K.Y A - Y (1 A 1

Fincomes5 97 88 AT 138" 125" 106" 17" T AV S 17 . N | Y s Y (17 A [: A [ | 1

SoilHealth1 L Sy A Y i 285" Kive 303" 27 2007 143" 068 13 237 078 086 089 081 094 1

SoilHealthd YA T A VN 11 21" 216" 174" 199" 200" 085 13 058 218" 045 070 082 056 067 542" 1

SoilHealth6 72 S« A Y 307" 334" 31" 27" 39" 1517 05 1 7 093 1227 a6 08 L ot 5% 1

CropDiv6 (S T 7 A . 458" 419" 467" 426" 38T 07t 160 43" 269" w9 a7t 1937 aM” st 404t 2087 A0 1
CropDiv? Y7 Y S ¢ 7 i 304” a0 381" 378" 2037 et 120 et 29T AT st 1T 197 1557 3160 15T 3T T16” 1
Mean 384 385 3 3N 345 345 349 3.66 333 211 307 274 309 2.35 227 2.15 217 223 387 34 3.95 3.9 405
Std. Deviation 765 766 782 739 904 944 900 846 985 797 812 858 913 908 957 806 880 867 4 9 695 705 137

**_ Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

47



Table A3. Communalities

Communalities

PBC1E
PBC2E
PBC3E
PBC4E
CD6
FIPBC1
FIPBC2
FIPBC3
FIPBC4
FIPBC5
PN2
PN3
PN4
PN5
PN6
SH1
SH4
SH6
ATTM2
ATTM3
ATTM4
ATTM5
CD7
PN1
PN7

Initial
425
467
489
547
.695
.633
.690
751
711
718
167
714
.760
.709
.759
.869
443
.881
671
.736
.644
.663
.657
.605
.783

Extraction

474
.552
.535
.593
714
.643
.706
.801
.750
751
.733
.690
.730
.736
717
.864
411
.993
.687
.813
.623
.654
.902
.584
762

Extraction Method: Maximum Likelihood.
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Table A4. Pattern matrix

Pattern
Matrixa
Factor
1 2 3 4 5 6
Cronbach's
alpha 0.941 0.816 0.895 0.875 0.816 0.877

Pinstitutions7
Pinstitutions5
Pinstitutions6
Pinstitutions4
Pinstitutions3
Pinstitutions2
Pinstitutionsl
Fincomes3
Fincomes5
Fincomes4
Fincomes2
Fincomes1
Pbenefits3
Pbenefits4
Pbenefits2
Pbenefits5
SoilHealth6
SoilHealthl
SoilHealth4
Pcontrol 2
Pcontrol 3
Pcontrol 4
Pcontrol 1
CropDiv7
CropDiv6

916
912
.858
.828
.806
.800
.700

.908
.889
.882
.823
733

928
.837
.798
743

.987
.904
675

.782
711
.696
.662

.998
717

Extraction Method: Maximum Likelihood.
Rotation Method: Promax with Kaiser Normalization.

a. Rotation converged in 6 iterations.
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Table A5. Convergent validity test and factor correlation matrix

CR AVE MSV MaxR(H) Farmincome Pinstitutions Pbenefits Pcontrol ~ Soilhealth  Cropdiv
Farmincome 0.930 0.726 0.156 0.934 0.852
Pinstitutions 0.920 0.697 0.287 0.964 0.180 0.835
Phenefits 0.893 0.677 0.361 0.974 0.229 0.398 0.823
Pcontrol 0.810 0.516 0.272 0.976 0.395 0.522 0.203 0.719
Soilhealth 0.885 0.729 0.253 0.988 0.130 0.387 0.503 0.217 0.854
Cropdiv 0.879 0.785 0.361 0.989 0.202 0.536 0.601 0.320 0.437 0.886

Table A6. Standardised Regression Weights for the structural model

Structural relationship Estimate P-value
Cropdiv <--- Pbenefits 466 falalel
Soilhealth <--- Pbenefits 418 Frk
Farmincome <--- Pbenefits 190 .001
Cropdiv <--- Pinstitutions 322 falalel
Soilhealth <--- Pinstitutions 213 il
Farmincome <--- Pinstitutions -.113 101
Farmincome <--- Pcontrol 416 el
Cropdiv <--- Pcontrol .059 .293
Soilhealth <--- Pcontrol .020 741
CropDiv6 <--- Cropdiv .946
CropDiv7 <--- Cropdiv 821 il
Pinstitution2 <--- Pinstitutions .879
Pinstitution3 <--- Pinstitutions .836 faleie
Fincomes5 <--- Farmincome .863
Fincomes4 <--- Farmincome .872 fakalel
Fincomes3 <--- Farmincome .892 falale
Soilhealthl <--- Soilhealth .944
SoilHealth4 <--- Soilhealth 570 faleed
SoilHealth6 <--- Soilhealth .987 Frk
Pbenefits2 <--- Pbenefits .843
Pbenefits3 <--- Pbenefits 911 il
Pbenefits4 <--- Pbenefits 753 il
Pcontroll <--- Pcontrol .678
Pcontrol2 <--- Pcontrol .682 il
Pcontrol3 <--- Pcontrol .740 il
Pinstitution5 <--- Pinstitutions 794 il
Fincomes2 <--- Farmincome .840 Frk
Fincomesl <--- Farmincome 187 Frk
Pbenefits5 <--- Pbenefits JT74 Frk
Pcontrol4 <--- Pcontrol 770 il
Pinstitutionl <--- Pinstitutions 775 faleie
Pinstitution4 <--- Pinstitutions .884 il

Where no p-values are shown, the predictors were set to the coefficient of 1 by default in

AMOS
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Table A7. Total Variance Explained

Total Variance Explained

Factor

© 0 N o o B~ WN B

N RNNNRNNRRERR R R R B B B
E WNBRFP O ®©OWNOOU A~AWRN R O

25

Rotation Sums

of Squared
Initial Eigenvalues Extraction Sums of Squared Loadings Loadings?
% of

Total % of Variance Cumulative % Total Variance Cumulative % Total

8.705 34.820 34.820 4733 18.934 18.934 6.972

3.634 14.538 49.358 5.376 21.505 40.439 4.401

2.702 10.807 60.164 3.236 12.943 53.381 5.079

1.625 6.501 66.665 1.923 7.690 61.071 4,127

1.466 5.863 72.528 1.011 4.046 65.117 4.483

1.001 4.004 76.531 1.141 4.564 69.681 4.474
.605 2.420 78.951
.563 2.252 81.203
.536 2.145 83.348
.480 1.920 85.268
433 1.732 87.000
.402 1.609 88.609
379 1.517 90.126
327 1.309 91.435
.297 1.186 92.621
.270 1.080 93.700
.265 1.059 94.759
.229 915 95.674
.208 .833 96.507
.195 .781 97.289
173 .693 97.982
.164 .655 98.637
152 .609 99.246
124 .495 99.741
.065 .259 100.000

Extraction Method: Maximum Likelihood.

a. When factors are correlated, sums of squared loadings cannot be added to obtain a total variance.
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ABSTRACT

Investment in soil fertility over the past three decades in southern African maize-based systems
by international agricultural research institutes has brought many novel technologies on legume
diversification but has seen minimal uptake of these technologies by smallholder farmers.
Doubled-up legume rotations (DLR) is a legume technology for maximising N input from grain
legumes that takes advantage of complementary phenology of short and long duration legumes.
This study uses a zero-one beta regression model to investigate the potential for increasing
utilisation of DLR at farmer level in Malawi. The model was applied to data from a sample of
282 farmers from Mzimba district. The results showed that positive perceptions of the
superiority of DLR significantly predicted increased utilisation. However, there was a
statistically significant negative relationship between land size and production orientation of
the DLR legumes. Furthermore, women farmers are unlikely to increase utilisation of DLR
because they generally have smaller land holdings. These findings suggest that agricultural
extension can develop messages on DLR using a farmer typology based on land size and gender
to enhance utilisation. Women farmers and farmers with smaller landholding sizes have the
highest utilisation index of legume diversification technologies. Farmers with larger land sizes
tend to grow most crops for the markets including legumes. Our findings revealed that when
such farmers are recipients of a legume technology they maintain a small portion of their maize
area under the technology and grow the same legumes in monocrop for market purposes. In the
case study decisions on the amount of DLR utilisation depended more on farmers’ expected
cash income benefits from legumes than from combined expected yield gains from both maize

and legumes as presented by agronomists.

Keywords: adoption; maize; soil fertility; legume diversification.
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1. Introduction

The problem of low soil fertility continues to threaten food production in sub-Saharan African
maize-based systems partly due to continuous maize cultivation with little attention to soil
fertility management (Smith et al., 2016). A growing population and limited land has put
smallholder farmers at risk of food insecurity and malnutrition (Ricker-Gilbert et al., 2014).
Land limitation and the call for sustainable agricultural intensification in Africa (Pretty et al.,
2011) could be countered by smallholder farmers adopting or increasing the use of improved
soil management technologies that directly increase their production of food (Smith et al.,
2016).

Doubled-up legume rotations (DLR) is novel technology involving intercrops of two legumes
with complementary phenology for two years before rotating them with maize in the third year
(Kerretal., 2007; Snapp et al., 1998). Typically, pigeon pea/soybean and pigeon pea/groundnut
intercrops are used in DLR. The superiority of DLR to other legume diversification approaches
relies on pigeon pea’s unique growth habit leading to enhanced soil fertility benefits (Snapp et
al., 2010). DLR systems have better fertiliser use efficiency and higher grain yields than maize

sole cropping or single legume-cereal intercrops and or rotations (Snapp et al., 2010).

Despite the superiority of DLR to other legume diversification technologies (such as maize-
legume intercropping, maize-legume rotations, maize-legume-legume intercropping) as
demonstrated through farmer participatory research (FPR) in Malawi farm area devoted to
legume technologies was estimated on aggregate to fall below 25% after 10 years of continuing
promoting (Mhango et al., 2013). This study investigates cropland allocation decisions to
legume diversification of maize systems using a case of DLR among smallholder farmers in

Malawi.

The study investigates the degree of utilisation of the DLR at farmer level with the application
of zero-one beta regression. Findings from this study are helpful in the promotion of DLR
technology and sustainable agricultural intensification practices among smallholder farmers in
southern Africa. The findings fit in the wider agricultural adoption literature on sustainable
agricultural intensification. The rest of the paper proceeds as follows: background,

methodology, results and discussion and conclusion.
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2. Background

Land limitations force smallholder farmers to grow edible legumes in order to increase access
to food while improving soils. Consequently they are seen to prioritise food grains and crop
sales over soil fertility benefits (Snapp et al., 2002). However, edible grain legumes contribute
less nitrogen to maize-systems as compared to non-edible legumes due to human consumption.
In addition, the popular harvesting methods of grain legumes lead to loss of biomass that could
otherwise remain on the soil (Kerr et al., 2007). FPRs on legume diversification in Malawi
developed legume technologies that enhance nitrogen fixation and biomass incorporation

without risking losses to maize productivity (Snapp et al., 2010).

Pigeon peas (Cajanus cajan) has a potential to provide more soil N due to its long duration
characteristic than soybean (Glycine max) or ground nuts (Arachis hypogaea). Utilisation of
pigeon pea in African smallholder farming systems has largely been limited to intercrops with
maize (Snapp et al., 2010). However, there is little yield benefit of maize from pigeon pea
intercrop due to resource competition (Morris & Garrity, 1993; Rusinamhodzi et al., 2012). On
the other hand a short duration legume like groundnut or soybean does not significantly affect
maize yield in an intercrop arrangement as it is less competitive for resources (Snapp & Silim,
2002). The combination of pigeon pea and soybean or groundnuts offers improved biological

nitrogen fixation and also fertiliser use efficiency (Snapp et al., 2010).

The FPRs in Malawi have helped smallholder farmers choose legume and maize combinations
based on adaptability, yield and even marketability (Kamanga et al., 2014; Kerr et al., 2007,
Pircher et al., 2013; Snapp et al., 2002). Through rigorous farmer participatory legume variety
selection the FPRs addressed farmer and market preferred varieties and traits (Waldman et al.,
2016). Research approach on the DLR was carried out under farmer-researcher managed
‘mother’ trials and follower farmer managed ‘baby’ trials. For a detailed description of these

trials refer to Snapp (2002).

Most smallholder farmers in Malawi grow maize and grain legumes as main food crops
(Waldman et al., 2016) with knowledge passed from parents as well as agricultural extension
services. But positive perception of the superiority of DLR technology to previous or other
legume diversification approaches is enhanced through participation in on farm trials under the
FPRs.
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3. Methodology

3.1. A metric for estimating the amount of legume diversification under DLR technology

One important element of the DLR is consistent rotation of area under legumes
(soybean/pigeon pea or groundnut/pigeon pea intercrops) with an equivalent area under maize
cultivation every third year. While smallholder farmers in Malawi grow a variety of crops,
maize is prioritised for its staple nature (Ricker-Gilbert et al., 2014), occupying up to 70% of
their arable land (Snapp et al., 2002). With national average landholdings of around 1ha land
is an important factor limiting agricultural production in Malawi (Cromwell & Winpenny,
1993). Nevertheless, smallholder farmer heterogeneity suggests that DLR may not be utilised

on all maize area.

Consistent with diffusion of innovations theory (Rogers, 1983), DLR utilisation may be partial
or full depending on farmer characteristics, biophysical and institutional factors. In light of this,
the scale of technology utilisation can be defined according to study design (Doss, 2003). In
this study the degree of utilisation of DLR at farmer level is a ratio, expressed as a proportion,

of the area under doubled-up legume intercrops (soybean/pigeon pea or groundnut/pigeon pea)
to total maize area (DLRPROP). This can be expressed as: ADL"/ZA ~where, Ap;; isareain
mi

hectares under intercrop of legumes (soybean/pigeon pea or groundnut/pigeon pea), A,,; is total

area in hectares under maize cultivation for farmer i respectively.

3.2 Model

Choice of study farmers was based on evidence of utilisation of DLR on at least 0.1 ha of maize
area. This size is standard for on-farm trial plot for maize and legumes in Malawi. As a
proportion, DLRPROP can take values above zero but not exceeding one as it is bound between
zero and one (see Fig. 1). A zero-one inflated beta regression was most relevant to fit a
maximum likelihood function to include observations at value of 1.0 (Wooldridge, 2015). In
this study a farmer with DLRPROP value of 1.0 is assumed to have no maize area to expand
DLR technology to without renting land or reducing area for other crops following land

limitations.
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Fig. 1 Distribution of DLRPROP, Ekwendeni, Mzimba

3.3 Selection of explanatory variables

The empirical model is based on farmers’ perceptions of agricultural technology (Adesina &
Baidu-Forson, 1995; Adesina & Zinnah, 1993) and utilisation of sustainable agricultural
practices in developing countries as reviewed by (Knowler & Bradshaw, 2007). FPRs on
legume technologies in Malawi identified legume attributes including taste, soil fertility,
adaptability, yield, ease of storage, and marketability. Of these, only soil fertility attribute was

acknowledged by farmers in a recent study (Waldman et al., 2016).

However, an earlier study in central Malawi found that farmers did not report any changes in
maize yield resulting from diversification of legumes in their maize systems (Pircher et al.,
2013). From these two findings about farmer experiential knowledge on legume utilisation we
identify perception of the superiority of DLR technology to other legume diversification
technologies in terms of contribution to soil fertility (FERTILITY) (Smith et al., 2016; Snapp
et al., 2002) as the main variable on utilisation of the DLR. Other variables on legume
utilisation were: use orientation for legumes (LEGMONO) because legume market
opportunities can affect adoption decisions (Pircher et al., 2013); perception of the level of
fertility of their maize area (PESFERT) (Mponela et al., 2016); past utilisation of other green
manures (OTHERFERT) following linkages between past and current behaviour (Bergevoet et
al., 2004).
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To control for heterogeneity the model included some of the socio-economic and institutional
variables associated with adoption of sustainable agricultural practices in developing countries
(see Knowler & Bradshaw, 2007; Manda et al., 2016; Marenya & Barrett, 2007). Gender of the
farmer (GNDHH) is associated with low probability of agricultural adoption where the farmer
is female and the agricultural technology requires use of more capital inputs and labour than
existing technologies (Doss, 2001; Fisher & Kandiwa, 2014). However, the relationship
between gender of the farmer and DLR utilisation decisions could not be predetermined in this
study as it was carried out in a region where legumes were considered ‘women’s crops’ (Kerr,
2005; Orr et al., 2014), hence it could take either direction of relationship. Both land size
(LANDTOT) and family labour (LABOR) represent resource endowment (Marenya & Barrett,
2007). More resource-endowed farmers have a higher probability of adopting and or trialling
out agricultural technologies (Haggblade et al., 2011) and so are farmers with more land.
Labour was estimated as the number of family members aged between 14 and 65. The lower
threshold for age was consistent with national regulation on outdoor agricultural work (Malawi
Government, 2000).

Access to seed for legumes (ACCESS) has also been identified to constrain diversification of
legumes among smallholder farmers (Mhango et al., 2013). The common means of accessing
legume seed in Malawi among smallholder farmers are market purchase, recycling (retained

from previous harvest), and from soil fertility projects or national farm inputs subsidy programs

Other variables concern institutional factors like access to information (EXTENS). This was
estimated as the number of times a farmer attended group activities on DLR management
presided by an agricultural extension worker in the year before the study (Manda et al., 2016).
This was verified in volunteer farmers’ register books. Consistent contact with extension agents
keeps farmers in check of their farm operations but also enables them access updated
information timely (Marenya & Barrett, 2007). Related to information and knowledge about
an agricultural technology is skills for proper management, which improve with time (Adesina
& Zinnah, 1993). This was represented by the number of years of using DLR technology
(EXPDLR). Lastly, because farmers are reluctant to invest in rented land without ownership
rights (Gebremedhin & Swinton, 2003), we included a variable on whether a farmer rented
land for DLR technology in the past two years (RENTLAND). Descriptions of all study

variables are presented in Table 1.
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Table 1. Variable description

Variable type/ name
Variable Label

Dependent variable

DLRPROP Maize-legume integration index

Explanatory variables

LEGMONO Use orientation for legumes used in the DLR : 0 = home consumption 1 = market

GNDHH Gender of the farmer: 0 = female; 1= male

LABOR Number of adult workers in the farmers” household (age range: 14-65)

EXPLEG Number of years utilising DLR

EXTENS Number of times a farmer attended an extension modality for DLR presided by an extension agent in the previous year
ACCESS If farmer accessed enough legume seed by their own means in the most recent year they planted DLR legumes: 0 = no; 1 = yes
FERTILITY Perception that DLR is superior to other legume diversification technologies: 0 = no; 1 = yes

OTHERFERT Past utilisation of green manure technologies 0 = no; 1 = yes

PESFERT Perception of quality of soils of the maize area : 0 = fertile; 1= less fertile

LANDTOT Total cropping land (ha)

RENTLAND If a farmer rented land for DLR in the previous two years: 0 = no; 1 = yes

3.4 Study area and context

Data for this study were collected during 2014-2015 agricultural season during a farm
household survey of 288 farmers in Mzimba district, Malawi. The study farmers came from
Ekwendeni watershed from eight villages under Zombwe Extension Planning Area (Figure 2).
The study targeted farmers who participated in a legumes ‘best bet” project on FPR and had
adopted DLR at least six years after establishment of the project. This was to minimise biases
in responses on perceptions of the superiority of the DLR as initial project participants were
purposefully targeted. In addition, only farmers who had rotated doubled-up legumes with
maize at least twice consecutively (a total of six years of utilisation of the DLR technology)
were sampled. Each farmer who was utilising DLR in each village was assigned a number.
These numbers were shuffled and picked in pairs by two farmers until the maximum number
of farmers was reached in each village. Approximately 70% of farmers utilising DLR were

sampled in each village. Table 2 describes the study sample.
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Table 2. Study sample description

Number of  Number of farmers  Number of farmers

Name of village farmers utilising DLR sampled
Mthakopoli Longwe 61 50 36
Hezekiah Longwe 57 57 40
Robert Mseteka 47 47 33
Chinombo Jere 51 51 36
Kaputa Longwe 63 58 40
Yesaya Jere 61 61 43
George Jere 58 43 31
Bandawe Tembo 42 42 29
Total 440 409 288

Ekwendeni watershed was one of the early sites for ‘legumes best bet’ projects using FPR in
Malawi beginning late 1990s. All project participating farmers received free legume seeds, and
were also targeted for extension advisory services on DLR trial plots. By 2015 over 2000

farmers had adopted DLR within and around Ekwendeni watershed.
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Figure 2. 