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EXTENDED ABSTRACT
Although Climate Smart Agriculture Practises (CSA-practises) have been promoted and
implemented in the Tanzania, but usage of CSA-practises is still low while their impact on
food security is not well documented, especially when used in combinations. This study
examined the usage of different CSA-practises and their impact on food security among
farming households in Mbeya and Songwe Regions in Tanzania with specific objectives to; a)
assess the usage and intensity of using multiple CSA-Practises by farming households b)
assess the determinants of using combinations of CSA-Practises by farming households c)
evaluate the impact of using combination of crop rotation, residue retention and intercropping
on food security d) evaluate the impact of using combination of organic manure, irrigation
and drought tolerant maize seeds on food security and e) evaluate the impact of climate-smart

irrigation practise on food security.

Multistage sampling technique was employed in sampling 1443 farming households. A
household survey was conducted whereby the primary data were collected using a structured
questionnaire. The Household Dietary Diversity Score per Adult Equivalent Unit
(HDDS/AEU) and Food Variety Score per Adult Equivalent Unit (FVS/AEU) were used as

indicators to measure household food security.

To assess the usage of the multiple CSA-practises a multivariate probit model was used while
the ordered probit model was used to examine the intensity of using CSA-practises. A
multinomial probit model was employed to estimate the factors influencing the use of

combinations of CSA-practises (i.e. crop-rotation, crop residue retention and intercropping).



To examine the impact of using a combination of CSA-practises (crop rotation, residue
retention and intercropping), a multinomial endogenous switching regression model was
employed. Furthermore, the study employed a multinomial endogenous treatment effect
regression model to evaluated the impact of using organic manure, drought-tolerant maize
seeds. and irrigation on food security. Furthermore, endogenous switching regression model
was employed to evaluate the impact of using climate smart irrigation on food security. The
evaluation methods used in this study are appropriate in the analysis of the control for both
observed and unobserved heterogeneity. Other evaluation approaches such as propensity
score matching and inversely probability-weighted regression (IPWR) can only control

observed heterogeneity which leads to unbiased estimates.

The results from multivariate probit (objective one) showed that the use of CSA-practises was
positively influenced by gender of the head of the household, farm size, education of the head
of household, location, size of the household, occupation, and farmer organizations
membership. Moreover, it was found that the use of drought-tolerant maize seeds and crop
rotation was positively associated while the use of a residue-retention and crop-rotation in
combination, the use of organic manure and crop-rotation, combination of intercropping and
residue-retention and the use of intercropping and organic manure were significantly and
positively associated at significant level 1 %. This implies that farming households consider

these combinations as complements.

The study examined the determinants of farm households’ decision to use combinations CSA-
practises (objective two) and found that production diversification, gender and livestock

ownership were positively and significantly influence the usage of combinations of residue-



retention and intercropping. In addition, education level and gender of the head of the
household were positively and significantly affect in the usage of combination of crop
rotation, crop residue and intercropping This comprehensive study is significant for finer

understanding of the synergistic effect of interrelated CSA-practises.

The result for objective three found that usage of CSA-practises depends on either it is used in
isolation or in combinations, and the usage of these CSA-practises significantly increase food
variety score per adult equivalent unit when used either singly or jointly. Furthermore, the use
of intercropping in isolation show the highest food variety scores per adult equivalent unit
among all the possible combinations of CSA-practises. Moreover, the use of crop rotation in
isolation also showed a high pay off after intercropping followed by a joint combination of
crop rotation and residue retention. Thus, the usage of a combination of crop rotation,

intercropping and crop residue retention was found to be the best food security portfolio.

Results from objective four found that the characteristics of the household, plot characteristics
and institutional characteristics (e.g access to extension services) influences the usage of a
different combination of CSA-practises. The study also found that the highest payoff of food
security could be achieved when CSA-practises are used in combination than in isolation. The
combination of drought-tolerant maize seeds and irrigation gave higher payoff than the

combination of all three CSA-practises.

Finally, the findings from objective five showed that radio ownership, education of the
household head, farm experience, production diversity and livestock ownership were the

determinants of using irrigation in the study area. The average treatment effect of the treated



(ATT) and the average treatment effect of untreated (ATU) were positive and highly
significant for irrigators and non-irrigators. That is, the use of irrigation as a CSA-practise has

improved food security of the farming households.

It is recommended that, inorder in order to enhance the usage of CSA-practise, policy makers
and local government authorities should target equipping extension workers and other
agricultural practitionners with adequate items of infrastructure that enable their easy
movement to the farmers. In addition, more more extension agents should be trained and
deployed in the country to reduce the workload of the limited number of extension officers

available inoder to improve agricultural productivity and food security

The study calls for policy makers on policies and plans that promote CSA-practises as a
combination, including other interrelated practises which upscaling CSA-practises usage.
Furthermore, there is a need to promote the usage of CSA-practise in isolation or in
combination. In addition, the study suggests that based on the practises considered in this
study, usage of a combination of various practises results in better food security compared to
the usage of these practises individually. This suggests that agricultural practitioners should

promote combinations of CSA-practises to improve food security in the farming households.

It is recommended that policymakers should consider rehabilitating the existing irrigation
schemes while constructing new irrigation schemes to widen the impacts of irrigation to
household food security. However, despite the positive impact of irrigation, it is
recommended that other irrigation practises such as drip irrigation, sprinkler irrigation should

be used in the areas where construction of small-scale irrigation is not possible.
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CHAPTER ONE

INTRODUCTION

1.1  Background Information

Climate change is a threat to food security systems and one of the biggest challenges
particularly in the agricultural dependent countries (FAO, 2019; FAO, 2017). Agriculture
sector should increase productivity in order to improve food security under the challenge of
climate change and rapid population growth by 2050 (Harvey et al., 2018). This is vital as
statistics show that in 2018 still, 821 million people in the world were food insecure
chronically, an increase up from 815 million in 2017 (FAO, 2018). Although, still a reduction

from about 900 million in 2000 (FAO, 2015).

In Africa, about 181 million people were food insecure in 2010 while in 2017 the number of
food insecure people increased to about 236 million (FAO, 2018). Food insecurity and
climate change in African countries have affected poor farming households which are
struggling to eradicate hunger and addressing challenges which hinder both supply and

demand for food (Ochieng, 2018).

According to McGuire (2015) 95% of the farming households in Africa are facing challenges
of unreliable rainfall, poor soil fertility and the impact of climate change and variability which
affect agricultural productivity, hence household food insecurity. The Food and Agriculture
Organization FAO (2010a) defines food security as a ‘‘situation that exists when all people, at
all times, have physical, social, and economic access to sufficient, safe, and nutritious food

that meets their dietary needs and food preferences for an active and healthy life’’



Agriculture contribute about 65.5% of employment; provides livelihood to more than 70% of
population, 29% of GDP; 30% of exports and 65% of inputs to the industrial sector (URT
2016). However, the situation of food security in Tanzania is mixed, which reflect the effect
of climate change across agro-ecological zones and other causes like soil infertility, drought

and low usage of agricultural practises (Maliondo et al., 2012; Miiller et al., 2011).

Climate change and variability is already affecting food security (i.e. food availability,
accessibility, utilization and price stability) in the country. For example, according IPCC
(2014) the average annual temperature increased by 1.0°C while the annual rainfall decreased
by 2.8 mm per month per decade since the early 1960s. It is also projected that the annual

mean temperatures are expected to rise by 2.2 °C by 2100 (IPCC, 2014).

In the Southern Highlands of Mbeya and Songwe Regions, there is evidence of increasing of
annual mean temperature by 0.27 °C /decade since the 1960s and declining rainfall, frequent
droughts and significant increases in spatial and temporal variability of rainfall (Craparo et
al., 2015; Mbululo and Nyihirani, 2012). Change in temperature and extreme weather event
are expected to increase the challenge of pest and disease, land degradation; as a result,
declining and uneven yield trends with significant effects on household food security
(Nyasimi et al., 2017). Therefore, it is important for the country to have strategies which
increase agriculture productivity and income, climate change adaptation and reduction of
greenhouse gases emission in order to boost household food security (Zeleke and Aberra,

2014).



Majority of farming households in Mbeya and Songwe Regions and Tanzania at large are
agriculture dependent for their livelihood despite the production constraints triggered by the
climate change. The ability to cope with the climate change impacts depends mostly on the
household’s adaptive capacity to climate change. Various approaches have been suggested for
reducing the impacts of climate change in agriculture sector (Maliondo et al., 2012). Inorder
to to maintain livelihood of the farming households though agriculture production climate-
smart agriculture (CSA) have appeared to be very promising approach that can incorporate
the benefits of a sustainable increase in agricultural productivity, the adaptation and building
of resilient agricultural and food security systems, as well as the reduction of greenhouse gas

(GHG) emissions from agricultural activities (FAO, 2010a).

Therefore, CSA is the appropriate approach to reduce the climate change impact (Asfaw et
al., 2016; Campbell et al., 2014). CSA concept was originally put forth by FAO in 2010 after
the Hague conference on Agriculture, Food Security and Climate Change in 2009 (FAO,
2010b). The main objective of CSA is to reset agriculture in the perspective of a changing
climate, to assure a ‘triple win’, consequently, adaptation, mitigation and development (FAO,
2010a). CSA has therefore been defined as an approach that increases agricultural
productivity and incomes; improves adaptation to climate change, reducing or removing

Greenhouse Gases hence enhancing the achievement of national food security (FAO, 2014).

Climate change and variability is already affecting or expected to affect food security in
Tanzania. Currently, Tanzania highlights four major adaptation investments such as
agricultural research, extension, expansion of irrigation, and road infrastructure development

to nurture a growing and resilient agriculture sector in a changing climate (URT, 2017).



Tanzania has various policies and framework to transformation of Tanzania’s agriculture
under the error of climate change These include; the Tanzania Development Vision 2025, the
National Strategy for Growth and Reduction of Poverty I and II (NSGRP I & II), the
Agriculture Sector Development Strategy (ASDS), Agricultural Sector Development Program
I and II (ASDP) and the recent Tanzania's green revolution initiative known as Kilimo

Kwanza (URT, 2016).

In Tanzania, CSA-practises are important practises in addressing the impact of climate change
(URT, 2016). The government of Tanzania and other local and international organizations,
such as African Green Revolution Alliances (AGRA), Centre for Agriculture Mechanization
and Rural Technology (CARMATEC), Tanzania Agriculture Research Institutes (ARI), ADP-
Mbozi are promoting and implementing various of CSA-practises projects in order to reduce

the impacts of climate change (URT, 2017; AGRA, 2016).

The practises include: training and promotion of the use of drought tolerant seed, use of
organic manure, use of intercropping, use of irrigation, use of crop rotation, use crop residue
and use of crop diversification (Mkonda and He, 2017). Finally, a Tanzania Climate-Smart
Agriculture Alliance (TCSAA) was established to organise CSA-initiatives within the

framework of the National CSA Programme (URT, 2017).

CSA-practises can address the impact of climate change in agriculture through sequestering
soil carbon, improving soil fertility, and enhancing crop yields and incomes (Lee, 2005;
Woodfine, 2009; Branca et al., 2011; Manda, et al., 2015; Teklewold, et al., 2013).

Teklewold et al., (2013) indicated that usage of drought tolerant seeds is likely to be an



important strategy in adaptation to future climate change, especially when it is combined with
crop rotation. Combination of crop rotation and intercropping have been proved to deliver
many ecosystem services, including soil carbon sequestration, nitrogen fixation and breaking
the life cycle of pests, improving weed suppression (Di Falco et al., 2010; Jhamtani, 2011;
Tilman et al., 2002; Woodfine, 2009) while increasing crop yield. Teklewold et al., (2013)
further reports that combination of crop rotation and intercropping can also reduce the use of
chemical fertilizers and pesticides and hence contributes to mitigation of climate change.
Therefore, this study aimed to investigate the determinants of using CSA-practises in isolation
or in combination and its impact on household food security in Mbeya and Songwe regions in
Tanzania.

1.2  Problem Statement

Farming households in Tanzania are important to reduce food insecurity and bring sustainable
development (AGRA 2016). However, agricultural production in these countries has been
affected by climate change, climate variability and market constraints (Gebremariam et al.,
2016). In Tanzania, climate change threatens agricultural productivity and farming household

welfare resulting in food insecurity (Craparo et al., 2015).

Despite inspiring economic growth and the living standard improvements for the past twenty
years, food insecurity remains a major economic and social problem in Tanzania. In 2020 the
country ranked 89 out of 107 countries on the Global Hunger Index (GHI, 2020). In the
Southern Highlands ofTanzania (Mbeya and Songwe Regions) about 44.7% of children below
five years were stunted which is relatively high compared to the South West Highlands
43.1%, Ruvuma region 44.4 %, Geita Region 40.5% and at national level 34.4% (TFNC,

2017).



Therefore, appropriate approach should be considered to improve agriculture productivity and
food security while reducing the negative impacts of climate change (Tessema, 2016). Several
empirical studies have revealed that the negative impacts of climate change can be handled
through the usage of proper agricultural practices (Kassie et al., 2014; Ngoma, et al., 2015).
CSA has been considered as an appropriate approach to improve food security in the under
the climate change era (FAO, 2010a). The approach is vital as it has triple benefits of
improving agriculture productivity and income, improve climate change adaptation and educe

or remove the greenhouse hence food security improvement (FAO, 2010b).

Despite the CSA-practises benefits and the efforts made by the government and non-
governmental organizations to promote usage of CSA-practises to farming households, but
still there is no enough evidence on determinants of using CSA-practises and their usage

impact on food security (Tenge et al., 2004; Maliondo et al., 2012).

Nevertheless, several studies have analysed the relationship between usage of agricultural
practises and overall welfare among the farming households in Tanzania (i.e. Chegere and
Stage, 2020; Lovo and Veronesi, 2019; Kim et al., 2019; Ayenew et al., 2017; Tasciotti and
Wagner, 2015). However, the most of these studies concentrated on the usage and impact of
single practises and cannot control for the observed and unobserved heterogeneities which

lead to the bias estimate.

Therefore, studies that have analysed the determinants of using combination of CSA-practises

and its impact on household food security are still scarce in the literature. This study assessed



the usage and intensity of using CSA-practises, determinants of using combination of CSA-
practises and evaluate the subsequent impact of using them on household food security in

Mbeya and Songwe Regions in Tanzania.

1.3  Research Justification

The main contribution in this study is in the following ways. It articulates the synergetic
effects rising from the combination of CSA-practises in helping to achieve households’ food
security. Furthermore, the study investigated whether usage of CSA-practises in combination
or in isolation will improve food security. The knowledge is appropriate to the on-going
debate on whether farming households should use CSA-practises in piecemeal or in the

combination to improve household food security.

In addition, this study encompasses the empirical and methodological approach in the
literature by implementing both parametric and non-parametric approaches to evaluate the
impact of CSA-practises on food security while controlling the observed and unobserved
heterogeneity. The study relevant for designing extension policy by recognising CSA-

practises combinations with the highest payoff.

1.4  Objectives

1.4.1 Overall objective

The overall objective of this study was to contribute in improving the livelihood of farm
households through evaluation of the impact of usage of climate smart agricultural practises

on food security among farm households in Mbeya and Songwe regions.



1.4.2 Specific objectives

The specific objectives of the study were to:

i) assess the usage and intensity of using multiple CSA-Practises by farming households in
the study area

ii) assess the determinants of using combination of climate-smart agriculture practises by
farming households in the study area

iii) evaluate the impact of using combination of crop rotation, residue retention and
intercropping on food security in the study area

iv) evaluate the impact of using combination of organic manure, irrigation and drought
tolerant maize seeds on food security in the study area

v) evaluate the impact of climate-smart irrigation practise on food security in the study area

1.5 Research Hypotheses

This study is directed by the following four hypotheses

i) There is no complementarity or substitutability on multiple use of climate smart
agriculture practises.

ii) Farming household will choose a combination of crop rotation, residue retention and
intercropping that maximizes utility subject to production constraints.

iii) Farming household will choose a combination of organic manure, drought-tolerant maize

seeds and irrigation that maximizes utility subject to production constraints.



iv) Farming household will use irrigation as a climate smart agriculture practise if the benefit

of using it is higher than of not using.

1.6  Conceptual Framework

Climate change is a major problem in developing countries as it affects agricultural
productivity and food security (FAO, 2019). The impact of climate change could be reduced
if the majority of farming households use CSA-practises as established by FAO in
2010. Farming households used CSA-practises with a goal of increasing productivity,
improving climate change adaptation capacity and reducing or removing greenhouse gases
(Lipper et al., 2014). Combination of these goals can improve agricultural productivity,

hence food security (FAO, 2013).

In this study, the agricultural practises which fit into the CSA framework as recommended by
FAO were identified. Farming households surveyed were asked to mention agricultural
practises they applied in their plots in the previous season preceding the survey. In this study,
the factors which influenced the multiple CSA-practises, the intensity of using multiple CSA-
practises, the determinants of using combination of CSA-practises and the impact of using
CSA-practises on household food security were conceptualized. That is to say, farming
households use various CSA-practises, such as crop rotation, residue retention, intercropping,
organic manure, drought-tolerant maize seeds and irrigation to improve crop productivity and

ultimately improve household food security.

The usage of CSA-practises can be influenced by household characteristics, plot/farm

characteristics, geographical locations, institutional characteristics and resource endowments
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(Abegunde et al., 2020; Aryal et al., 2018; Akrofi et al., 2019). These factors can affect the
level of usage or usage intensity. Figure 1-1 summarizes how this study conceptualizes CSA-

practises usage among farming households and the usage impact on food security.

Government

Institutional Characteristics Policies

Group Membership
Extension Visit
Distance to extension Officer

Access to Demo Plot CSA-practises

Crop rotation
Intercropping
Organic manure
Irrigation
Improved seeds

Resources Constraints
Access to tarmac Road

TLU 1 Residue retention
Own Radio 1 !
Log of Asset
Log Expenditure .
Access to loan — > Food Prices
Improved agricultural
productivity
Household Characteristics \L
HH Sex
HH Age
Marital Status Household —> Food
HH Education Income expenditure
Spouse Education
Household Size B
Food Access
Plot Characteristics
Plot ownership Household food security
Soil erosion Food Variety score per adult equivalent unit
Soil fertility Household dietary diversity score per adult

equivalent unit

Figure 1. 1 Conceptual Framework
Usage of CSA-practises is hypothesized to affect household food security. It is assumed that
the usage of CSA-practises can naturally increase food crop yield (maize, soya beans,

common beans and paddy). An increased food crop yield is vital in the generation of
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household income as a result of selling the surplus food crops. The increased income means
less household food insecurity as it helps farming households to buy other foods which are
not produced by the household. This may improve the food security status of household
members. The consumption of maize, soya beans, common beans and paddy as a result of

increased yields also ensures food security.

However, there is a possibility of endogeneity in household’ decisions on the use CSA-
practises. These decisions are likely to be affected by observed and unobservable
characteristics that may be correlated with the outcome variables (household dietary diversity
score per adult equivalent Unit (HDDS/AEU) and food variety score per adult equivalent unit

(FVS/AEU) (Kassie et al., 2014).

To separate the impact of usage and to effectively analyse the factors affecting the usage of
CSA-practises, a joint framework model such as multinomial endogenous switching
regression, multinomial endogenous treatment effects and endogenous switching regression
models were employed. The advantage of using these approaches is that they evaluating both
an individual practise and combination of practises while capturing the interactions between

uses of alternative practises (Wu and Babcock, 1998; Mansur et al., 2008).

1.7  Theoretical Framework

The agricultural household model was used in this study to analyse its objectives as it allows
one to understand the welfare of the poor. The assumption of this model is that farming
households have an objective function to maximize utility subject to production constraints

(i.e. drought, floods, pests and diseases and other climate change effects). The focus of
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agricultural household models is on the number of assumptions about the workings of the
wider economy within which farming household’s production takes place. However, not all
assumptions are shared in these models but they use the same theoretical methods to explain
the behaviour of the farming households. The agricultural household models include the profit

maximization model, utility maximising model and risk-averse model.

1.7.1 Profit-maximising model

The profit maximising model was developed by Schultz (1964) and he hypothesised that in
developing countries farming households are efficient but poor. Schultz argues that in
developing countries, the low productivity of the factors of production is caused by the low-
income levels and not because of allocation inefficiencies. This implies that the farming
households can use CSA-practices individually or in combination to maximize the profit (i.e.
increased productivity and income, improving climate change adaptation capacity,

reducing/removing greenhouse gases and improving food security).

The policy implication is that agricultural experts such as agricultural extension officers or
farm advisers could not assist farming households to allocate resources in order to increase
productivity of the factors of production but they should educate the farming households on
the production factors which lead to increase productivity. In case of this study farming
households in the study area different organization such as district councils, SNV-Tanzania,
Tanzania Agriculture Research Institutes (TARI) promotes and encourage farming
households to use the CSA-practises (crop rotation, intercropping, irrigation, organic manure,
irrigation, drought tolerant maize seeds and crop residue retention) to improve food security

of the household through increased productivity and income, improved climate change
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adaptation and reducing greenhouse gases. However, the profit maximising model has been
criticised to be silent on the aspect of consumption in the farming households’ decision
processes.

Ray (2006) developed an aspiration window which formed a cognitive world and may be
multidimensional. Ray argued that the farming household can aspire better living standard
and other aspirations such as good health, recognition, education etc. In addition these

aspirations can complement each other, or they can substitute each other.

In this study, farming households can be aspired to use CSA-practises to improve agriculture
productivity, improve adaptation to climate change or mitigate greenhouse gases. However,
the use of CSA-practises can be complementing one another or some can substitute the other.
According to Millar (2006) criticised that poor farming households in developing countries do
not make decisions based on their best interest in the end. Therefore, these criticisms show a
contradicting point at which poor farming households are rational towards benefits of
outcome or other aspirations. Currently the neoclassical agricultural household models such
as utility maximising model have become popular as have incorporated the production and

consumption goals of the poor farming households.

1.7.2 The utility-maximising model

The utility maximization approach considers the production and consumption decisions as
interdependent. The utility-maximising model was developed from the Chayanov’s work in
1920s where he doubts the profit-maximising model (Millar, 1970). Chayanov argued that the
farms of poor farming households are operated by the family and the labour allocation by

family members is positively related to the ratio of consumers.
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The difference on economic achievements among farming households are connected with the
size of the household and the composition. These reveal an inconsistent approach to the
hypothesis that poor farming households manage their farms to maximize benefits (food
security). Becker (1965) modelled the farming household decision and allocation household

resource by considering household as a producer and consumer unit.

The farming household consume the goods produced by the household or goods purchased in
the market (i.e goods which are not produced by the household) and leisure to maximize their
utility subject to the budget constraints (Taylor and Adelman, 2003). This means farming
households the excess food produced for consumption is sold in the market while the shortage
of the food produced by the household can be purchased from the market in order to diversify
the food consumed hence improve household food security (Taylor and Adelman, 2003).
Similarly, excess labour is likely to be sold, while shortage of labour forces household to buy

leading to labour balance

However, the production and consumption are considered independent under the assumption
that the markets are prefect; prices are exogenous and good are tradable. Therefore, in this
situation, family labor allocation is linked to market-determined wage as time to work and
leisure are independent (De Janvry and Sadoulet, 1996). Therefore, the model is said to be
non-separable when production decisions for the case of this study the decision to use CSA-
practises either in isolation or in combination are determined by the characteristics of the
consumer (plot characteristics, household characteristics, institutional characteristics, etc.) as

a result of presence of market imperfections (De Janvry and Sadoulet, 1996). The utility
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maximizing model been applied in various contexts. These applications include, examining
the determinants of agriculture practices/technologies and the impact of using them on

household welfare.

Based on this study in the situation of imperfect labour market and food insecurity due to
climate change, farming households should be compensated to adjust labour allocation
through investment on CSA-practises which improve productivity and food security and
commodity consumption. Then the allocation of labour and food consumption decisions is
connected through the endogenous price which fulfils the equilibrium of supply and demand

equilibrium.

As other farming household elsewhere, farming households in Tanzania, particularly from
Mbeya and Songwe Regions are food producers and consumers. That means, they are
involved in the decision making of food production and consumption. However, these
households are facing production constraints, such as missing input and credit markets, a high

level of unemployment and high transaction costs.

Farming households in the study area used the food produced for their own consumption and
supply in significant proportional of the factor input. Therefore, assuming the production and
consumption decision as independent is completely wrong. Furthermore, farming households
in the rural areas are gifted assets such as physical capital, financial, natural, social and human
capital which are used to build their livelihoods. The farming households maximises utility by

efficient use of these assets. However, the decision to use these assets to improve agricultural
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productivity is affected by climate change, climate variability, and market consraints

(Gebremariam et al., 2018; Maliondo et al., 2012).

Based on this theory the introduction of CSA-practises such as residue retention,
intercropping, drought-tolerant seeds, irrigation, organic manure and crop rotation could
affect the farming households’ expectation to increase productivity, increasing adaptation to
climate change and mitigating greenhouse gases, hence household food security (FAO, 2010).
These, in turn, could motivate farming households to invest in different CSA-practises to

improve household food security (Asfaw et al., 2012).

However, the theory failed to explain the effect of risk and uncertainty in agricultural
production decision making. Taylor and Adelman (2003) argued that farming households are
not risk-neutral; and if it is assumed to be so, the objective function and constraints can be

over-simplified. This gap can be filled by the risk-averse model explained below.

1.7.3 Risk-averse model

The farming households exposed to risks and uncertainties which affect their agricultural
production because uncertainty and risk play a major role in production decisions. For
example, Shemsanga et al. (2010) found that agriculture risk such as weather, pest, diseases
many farmers affect production decision as the lead to lower yield and quality of food.
Kangalawe et al. (2011) found that among the farming household used coping strategies such
as drought-tolerant maize seeds, crop diversification irrigation among others to combat the

production risks and uncertainties. Shemsanga et al. (2016) shows that poor farming
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households find difficult to handle the impacts climate change using improved technologies

and decide to rely on their indigenous skills.

Based on the context of risk, the expected utility was explained by von Neumann and
Morgenstern (1986) after the initial work of principle for decision-making theory by Bernoulli
(1738). The early description of expected theory to agriculture can refer to the work of Dillon
(1971). The study provides recognition of the personal nature of decision making in terms of
belief and preferences, and that could represent the best possible to risky choice in agriculture.
Newbery and Stiglitz (1981) contribute on commodity price stabilization issues, and explore

the problems of risk in agriculture.

In general, there are two approaches to capture the basic ideas of these works. First, the
expected utility model allows household to make choices on the given preferences of
outcomes and beliefs on possibility of occurrence. Second, the households are risk-averse,
meaning that they prefer low risky choice than the high risky alternatives. Farming
households in the study area use drought tolerant maize seed, crop diversity and irrigation to
minimise risks in agricultural production. There the study used the combination of
agricultural household models to analyse the objective of the study. Therefore, the three farm

household approaches explained above are the appropriate for the analysis of this study.

1.8 General Description of Research Methodology and Data
1.8.1 Study area
The study was conducted in two regions and four districts. That is, in Mbeya and Mbarali

districts in Mbeya Region and Mbozi and Momba districts in Songwe Region in Tanzania.
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These regions the breadbasket area of Tanzania where different types of crops are cultivated
such as maize, beans, soya beans and paddy rice. Selection of the study area was based on the
cultivation of staple food crops such as paddy, maize, common beans and soya beans. In
addition, food and nutritional security vulnerability was another selection criterion, because
37.7 % of children below five years are stunted (TFNC, 2014). The study area is also
considered as appropriate for this study because farmers primarily rely on food crop
production for their livelihoods. Furthermore, mixed agronomic practises were also the main

driver for selection of the study area.

1.8.2 Sampling and data collection

The study used cross-sectional data collected from a farm household survey in the Southern
Highlands of Mbeya and Songwe in Tanzania. The survey was conducted between
September—December 2017 by the Sokoine University of Agriculture in partnership with the
Integrated Project to Improve Agricultural Productivity and Food Security in the Bread
Basket area of Southern Highlands of Tanzania. The sample covered 1443 farm households
where multistage sampling was used to select farmer organizations (FOs) from each district,

and households from each FO.

First, based on their food production potential crops (maize, paddy, common beans, and soya
beans), whereby four districts were selected purposively from two regions of the Southern
Highlands of Tanzania (Mbeya and Songwe Regions). Second, 51 wards were randomly
selected out of 92 wards. Third, FOs in each ward were identified then farming households
from the selected FOs were sampled using a proportionate random sampling to get a total of

1443 households. The male and female structured questionnaires were used to collect data
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where open data kit was used. Different information were collected such as household
demographics, socioeconomic characteristics, CSA-practises used, crop production and

marketing, input use, food consumption, and other farm- and farmer-specific characteristics.

1.8.3 Sample size calculation
The minimum required sample size is 1549 households. The number is determined by the
approach based on the precision rate and confidence level (Habib et al., 2014). The estimation

formula for the sample size is;
n=:é4é
Where Pthe prevalence of food security, E is the margin error (Precision). Generally, E is 10

percent of P and Z is normal deviate for two-tailed alternative hypothesis at a level of

N R

significance of 5 percent; (Zgis 1.96). D is the design effect reflects the sampling design used

in the survey type of study. Previous literature gives the estimate P prevalence of household
dietary diversity as 21.6 percent in the population surveyed, and assuming 95% confidence
interval or 5% level of significance and 10% margin of error, the sample size can be

calculated as follow as;

n=aéé
Total sample sizes of 1557 households were then selected for the survey. However, some
households (114) were dropped during data cleaning prior to analysis as they did not have

sufficient data thereby, reducing the sample to 1443 households.
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1.9  The and Limitation of the Study

This study was conducted in the Southern Highlands of Mbeya and Songwe regions in
Tanzania, targeting farm households which cultivate food crops (maize, beans soya beans and
paddy). The study collected different information based on the previous production season.
Further, household characteristics, farm/plot characteristics, resources endowment,
institutional characteristics factors were required to establish how they influence usage of
CSA-practises and its impact on household food security. However, the study was limited to
the analysis of the household level and did not consider the seasonal variation on food

production.

1.10 The Organization of the Study

This document is structured as follows; The paper titled “Usage and Intensity of using
Multiple CSA-practises in the Southern Highlands of Tanzania” was presented in Chapter
Two while in Chapter Three present a paper titled “Combination of Climate Smart
Agriculture Practises: An Analysis of Farm Households' Decisions in the Southern Highlands
of Tanzania”. Chapter Four present a paper titled the “Impact of the Combination of Climate
Smart Agriculture Practises on Food Security: A Counterfactual Analysis from Mbeya and
Songwe Regions in Tanzania” Chapter Five presents a paper on “Combining Climate Smart
Agriculture Practises Pays off: Evidence on Food Security from Southern Highland Zone of
Tanzania”. In Chapter Six present the paper titled “Understanding the Impact of Climate
Smart Irrigation on Household Food Security: A Counterfactual Analysis of Southern

Highland Zone of Tanzania” In Chapter Seven; the synthesis of the study was presented.
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Abstract
Climate change is the main global problem which affects agricultural development and
household food security. Climate-smart agriculture (CSA) is one of the approaches developed

by FAO to address the impact of climate change through increasing agriculture productivity,
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improve adaptation to climate change and mitigate greenhouse gases emission. However, the
CSA-practises usage by farmers is still low in the developing countries, Tanzania inclusive.
To understand the challenges in the use of CSA-practises, an analysis which combines
multivariate and ordered probit models were employed to analyse the decisions to use and the
intensity to use the six CSA-practises (i.e. drought-tolerant maize seed, crop rotation, organic
manure, intercropping, irrigation and residue retention) frequently practised in the study area.
The study sampled 1443 farming households from two regions (Mbeya and Songwe) in the
Southern Highlands of Tanzania. Results show that farming households are using CSA-
practises as complements. The results are important in designing combinations of CSA-
practises. The study also found that gender of the head of the household, geographical
location, and plot ownership are important determinants of the use of the type and number of
CSA-practises. It is recommended that agriculture experts should carefully design
combinations of CSA-practises for the aim of increasing agricultural productivity, resilience

to climate change, mitigation of greenhouse gases and improvement of food security.

Keywords: Climate Smart Agriculture Practises, Multivariate Probit Model, Ordered Probit
Model

2.1 Introduction

Climate change is the main global problems which affect agriculture development (IFAD,
2011). In agricultural production climate change is important in determining the type of crop
to be grown by the farming households as it directly or indirectly affects production and food
supply (Tambo and Abdoulaye, 2012). Climate change lead to the accumulation of
greenhouse gases caused by human socio-economic activities such as; agricultural production,

deforestation and bush burning. Farming households in Sub Saharan African (SSA) countries
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solely depend on agriculture as a means of their livelihood (Azumah et al., 2020). However,
the farming system in these countries largely depends on rainfal, thus creating it extremely
susceptible to climate change, which results into negative impacts on agricultural
productivity, income and food supply (FAO, 2014). For example, Nwaobiala and Nottidge
(2013) predicted that climate changes might affect crop production in SSA by 10 — 20 % by

2050 or even up to 50%.

Tanzania is not exceptional from other SSA countries in the effect of climate change. This is
due to the fact that the temperature in Tanzania is expected to increase by 2°C to 4°C by 2100,
and more warming during the dry season and in the interior regions of the country is expected
(Hulme et al., 2001; Tumbo et al., 2010). The country is also experiencing frequent floods
and drought while in some areas it is highly affected by unreliable rainfall which results into
low yield and food insecurity problems (Maliondo et al., 2012). According to Rowhani et al.
(2011), production of maize, rice and sorghum is expeted to decrease by 13, 7.6, and 8.8 %

respectively by 2050 as a result of climate change.

However, several agricultural approaches have been used in the developing countries to
improve agriculture productivity in this era of climate change (Abegunde et al., 2020).

Climate-smart agriculture (CSA) proposed by Food and Agriculture Organization (FAO) as
one of the promising approach in improving agriculture productivity and income, increase
climate change adaptation and mitigate greenhouse gases (Lipper et al., 2014; FAO, 2010).
Various CSA-practises have been identified by FAO among them are residue retention,

irrigation practises, reduced tillage, organic manure, intercropping, and organic fertilizers, use
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of cover crop, etc. (Muzangwa et al.,2017). These practises when used in isolation or in

combination can deliver either two or three of the three CSA benefits (FAO, 2010).

Several researches (e.g see, Kimaro et al., 2019; Kurgat et al., 2020; Kurgat et al., 2020;
Aryal et al., 2018; Akrofi-Atiotianti et al., 2020) examined the usage of CSA-practises by
farming households. Generally, these studies found that, household characteristics, plot
characteristics, institutional characteristics and some resource constraints were significant
determinants of using CSA-practises in Tanzania and elsewhere. However, the majority of
these studies have analysed single practise without considering that CSA incorporates a set of

practises and farming households can use them in combination (Vera and Justin, 2017).

In addition, little is known about the multiple uses of CSA-practises in Tanzania, particularly
in Mbeya and Songwe regions. According to Teklewold et al. (2013), the usage of CSA
practises in combination could build a sustainable agricultural system which is resilient to
climate change and other factors which are constraint to agricultural production. The CSA-
practises considered in this study includes crop rotation, intercropping, irrigation, organic
manure, drought tolerant maize seeds and residue retention. To understand the challenges in
the use of CSA-practises, an analysis which combines multivariate and ordered probit models
were employed to analyse the decisions to use and the intensity to use the multiple CSA-

practises

The study seeks to add to the limited literature on determinants of usage of CSA-practises

where household characteristics, plot characteristic, institutional characteristics and resource
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constraints were considered. The specific objective of the study was to examine the usage and

the intensity of using multiple CSA-practises in the Southern Highlands of Tanzania.

This study relied on four contributions: first, the study used a comprehensive household level
survey recently conducted on food crops (maize, paddy, beans and soya beans) farming
systems in Mbeya and Songwe regions; second, the study employed methods which consider
the interdependence between CSA-practises and joint analysis of the usage decision. A
number of CSA-practises were considered, such as crop rotation, irrigation, drought-tolerant
maize seeds, residue retention, intercropping and organic manure.

Understanding the interrelationship between set of CSA-practises is crucial for the on-going
debate on whether farm household should use CSA-practises in isolation or in package. This
will assist policy-makers and agricultural extension agents to put strategies that promote
CSA-practises to farmers. Third, the study concentrated on the importance of household
characteristics, plot characteristics and institutional characteristics, to determine the
probability and the intensity of usage of CSA-practises. Fourth, this study extends the
concentration from the probability of usage decision to the extent of usage as measured by the

number of CSA-practises used.

The following section presents the analytical and conceptual framework. Section 2.2 presents
the analytical and conceptual framework. Section 2.3 presents the methodology of the study
and section 2.4 present results and discusions. Section 2.5 presented the conclusion and policy

implications.
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2.2 Analytical and Conceptual Framework

In examining factors which influence the usage of CSA-practises usually the probit and logit
models are used in many studies. The probit or logit model as univariate models they use
single equation for each practise. However, the weaknesses of these models is that they do not
consider the interdependence when multiple practises are used (Teklewold et al., 2013;
Muriithi et al., 2018; Mwungu et al., 2018) and are not able to account for the fact that
farming household are more willing to use more than one practise based on their experiences

and benefits obtained from each practise.

Using the probit and logit model cannot tell if the farming household tend to use practises as a
complements or as a substitute. These weekneses can be accounted by the use of the
multivariate probit model (MVP) as it can account for the simultaneous usage of multiple
CSA-practises and consider the correlation among the disturbance terms that may arise from

the relationship between the practises.

2.2.1 A Multivariate Probit Model (MVP)

Farming households can use a combination of CSA-practises to tackle the negative impacts of
climate change and other production constraints (Kassie et al., 2013). However, some CSA-
practises are not mutual exclusive, in such a way that the use of one CSA-practise can affect
the use of the other. Therefore, the interdependent and simultaneous decisions to use can omit
the important economic information if the univariate modelling is used for analysis (Kassie et
al., 2013). Therefore, to consider possible complementarities and substitutability between the

CSA-practises used, a MVP can be an appropriate model (Greene, 2003).
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However, the univariate modes are not adequate to account for the complementarities
between practises. For example, many farmers who use irrigation may also use drought-
tolerant maize seeds; nevertheless, unless the researchers analyse this effect, they will not be
able to understand the factors that enhance the use of drought-tolerant maize seeds by the

farming households.

Theoretically, a CSA-practise is likely to be used by the farming households if the utility of
using the practise is higher than the practise which is not used. Let assume a i farming
household (i=1,2,....,N) decide to use the j* CSA-practises (where jrepresents the usage of
crop rotation (C),), irrigation (I,), intercropping (I.,), organic manure (O,,), residue retentionR,
and drought resistant maize seeds (D). Let U, and U, represent the benefits from using

conventional agricultural practises and CSA-practises, respectively.

A farming household can decide to use the j"CSA-practises if the net benefit (y;})is higher

Bj]: Uj'.— U,>0. Therefore, the net benefit is a latent variable (yﬁ]), which is determined by the
observed farming household characteristics, plot characteristics, institutional characteristics

and resource constraints (X;) and the error term (€;) as shown below:

y;ﬁ}:X;.Bﬁgi J =) e, (1)

The unobserved characteristics in equation 1 can be transformed into observed binary

outcome for each CSA-practise used by farming household as shown in equation 2.
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_| 1if B;>0

= [ =(C,, I, 1,,0,,R.\,Dy) o 2
0 otherwise J ( ) )

Yij

In a MVP model, with the prospect of using multiple CSA-practises, the error terms jointly

follow a multivariate normal distribution with zero conditional mean and variance normalised

to unity, i.e. fic , i, Hi_sHo sHRss Hp, M (O,Q) and the covariance matrix (X ) is given by:

1 Pcr1, Pci
Prc, 1 Prr, 0, R Pcop,
o= Pr.c. P, 1 Pr.o, Prr Pinb,

o cr

Poc Por1 Poi 1 Por Poop

m=r mr m”er mor m~s

Prc. Prr Prri. Pro, 1 Prp,
Ppoc. Ppr1 Pp,i, Ppo, Pbpr, 1

cr

The off diagonal elements in the covariance matrix represent the unobserved correlation
between the stochastic components of the different types of CSA-practises. This assumption
means that equation (2) gives a MVP model that jointly represents decisions to use a
particular CSA-practise. The specification with non-zero off-diagonal elements allows for
correlation across the error terms of several latent equations, which represent unobserved

characteristics that affect the usage of alternative CSA-practises.

2.2.2 An Ordered Probit Model

The MVP model is concerned with the probability of using CSA-practises but it does not
explain the difference between farming households which use one CSA-practise and those
who use multiple CSA-practises. It is difficult to define the demarcation between users and

non-users in determining the factors which affect the intensity of CSA-practises usage
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(Wollni et al., 2010). The majority of farm households surveyed in this study were not using
the whole package but they used combinations of these practises in their farms. Therefore, it
is not easy to quantify the intensity of usage of the package of CSA-practises. The study
followed the D’Souza et al., (1993) and Wollni et al., (2010), the study applied the number of

CSA-practises used as dependent variable to overcome this problem.

The study treated the information of the number of CSA-practises used as a count variable.
According to Wollni et al., (2010) the poisson regression model is normally used to analyse
count data which assume that, all events have the equal chance of occurrence. Though, in the
application, the chance of using the first CSA-practise could be different from the chance of
using a second practise, given that in the latter case the farming household has already gained

some experience and already exposed to information about that CSA-practise.

As the numbers of CSA-practises used were considered as ordinal variable, hence ordered

probit model was employed in the estimations. Different latent variables were involved in the
model for the frequency function of CSA-practises(T('). As mentioned earlier, the j"farm
householdi=1,....,N|decides to use a certain number of CSA-practises based on the

maximization of an underlying utility function:

X represents vector of household characteristics, plot/farm characteristics, institutional
characteristics and resource constraints; a stands for a vector of parameters to be estimated;

and €;is unobserved characteristics. Farming household can decide to use an additional CSA-
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practise if the utility of using it is higher than the utility of not using it. According to
McKelvey and Zavoina, (1975) when the level of utility of individual farming household Tf is
unobserved, then the observed level of CSA-practises T'; is assumed to be related to the latent

variable T: in the following way:

T,=j if and only if p,<T'<p,,, for j=0,.....,J
J is the number of CSA-practises used; H;,; present the threshold levels that are estimated.
This equation states that if the number of CSA-practises T, is between K, andH;., , the

response to the question on the number of CSA-practises used is equal toj (T;=j¢. The

parameters o and { are estimated using a maximum likelihood.

2.2.3 Conceptual Framework

In this study the agricultural practises that have been identified to fit into the CSA framework
as CSA-practises among farming households in the study areas were used for
conceptualization. Farming households were asked to list the practises they used in their
farms in the previous season. Then the agricultural practises which fit into the CSA profile
based on FAO recommendation and the literature were identified for the study. The study
follows Aryal et al. (2018) and Teklewold et al. (2020), to examine the level of using by the

number of CSA-practises used by the farming households surveyed.

The usage of agricultural practises by farming households is not spontaneous, but there are
important players involved in the farming system. The farming household characteristics such

as age, gender, marital status, etc., plot characteristic, institutional characteristics and resource
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constraints are considered as factors which influence the usage of CSA-practises. These
factors influence usage, but they also influence the level of usage intensity. Figure 2.1
summarizes how this study conceptualizes the usage of CSA-practises and the level of usage

intensity among farming households.

L. . CSA framework
Institutional Characteristics Increase agricultural productivity
Group Membership Adaptation to climate change
Extension Visit ' Mitigation of greenhouse gases
Distance to extension Officer
Access to Demo Plot
Resources Constraints Agricultural practises
Access to tarmac Road
TLU
Own Radio
Log of Asset
Log Expenditure
Access to loan

CSA-practises

— Crop rotation

Intercropping
Household Characteristics giiggaargg;nanur €
EE ifgxe Imp.roved seed_s

. Residue retention
Marital Status
HH Education
Spouse Education
Household Size

Usage of CSA-practises
Plot Characteristics
Plot ownership
Soil erosion
Soil fertility
Intensity of using CSA-practises
)

Figure 2. 1 Conceptual Framework
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2.3  Methodology

2.3.1 Study area

The study was conducted in Mbeya and Mbarali districts in Mbeya Region and Mbozi and
Momba districts in Songwe Region in Tanzania. These regions are in the Southern Highlands
Zone, which is the breadbasket area of Tanzania where a various food crops are cultivated
including maize, beans, soya beans and paddy rice. The study selected two regions and four
districts because they are the main producers of food crops such as maize, paddy rice, beans

and soya beans zone in Tanzania.

In addition, food and nutritional security vulnerability was another selection criterion because
37.7% of children below five years are stunted (TFNC, 2014). The study area also was
regarded best for this study since farmers from these regions/districts primarily rely on food
crop production for their livelihoods. The difference in geographical location is another
reason for selection of these study areas, as it would enable to generalize the results.
Furthermore, mixed agronomic practises are also the main driver for selection of this study

dred.

2.3.2 Sampling and data collection

The study used cross-sectional data collected from a farm household survey in the Southern
Highlands of Mbeya and Songwe in Tanzania. The survey was conducted between
September—December 2017 by the Sokoine University of Agriculture in partnership with the
Integrated Project to Improve Agricultural Productivity and Food Security in the Bread

Basket area of Southern Highlands of Tanzania. The sample covered 1443 farm households
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where multistage sampling was used to select farmer organizations (FOs) from each district,

and households from each FO.

First, based on their food production potential crops (maize, paddy, common beans, and soya
beans), whereby four districts were selected purposively from two regions of the Southern
Highlands of Tanzania (Mbeya and Songwe Regions). Second, 51 wards were randomly
selected out of 92 wards. Third, FOs in each ward were identified then farming households
from the selected FOs were sampled using a proportionate random sampling to get a total of
1443 households. The male and female structured questionnaires were used to collect data
where open data kit was used. Different information were collected such as household
demographics, socioeconomic characteristics, CSA-practises used, crop production and

marketing, input use, food consumption, and other farm- and farmer-specific characteristics.

2.3.3 Description of dependent variables

In the structured questionnaires the farming households surveyed listed the agricultural
practises they used for their farms. Then, the agricultural practises which fit into the CSA
profile based on FAO recommendations were identified for the study while considering their
potential to deliver triple win objectives (Bolinder et al., 2020; Teklewold et al., 2019;
Teixeira et al., 2018; Arslan, 2013; Masuka et al., 2017). The CSA-practises most used by the
farming households were crop rotation, intercropping, irrigation, organic manure, residue

retention and drought-tolerant maize seeds. These practises are described in Appendix 2.1.
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2.3.4 Independent variables and hypotheses

The exogenous variables used in this study are based on theoretical frameworks and past
climate studies (Teklewold et al., 2019; Bolinder et al., 2020; Oumer and Burton, 2018). The
information on household characteristics, plot characteristics, institutional characteristics and
resource constraints for farming households visited were collected and used for the model

specification. Table 2.1 present the descriptions and measure of the exogenous variables used.

Table 2. 1: Definition and summary statistics of variables in the analysis

Variables Description Mean
Practises used (n = 1443)

Crop rotation % of households that have used the crop rotation 66.67
Irrigation % of households that have used the irrigation 23.28
Drought tolerant maize seeds % of households that have used the DTMS 60.64
Residue retention % of households that have used the residue retention 46.5
Organic Manure % of households that have used the organic manure 36.94
Intercropping % of households that have used the intercropping 33.96
The Household

Characteristics % of male household head 84.89
Gender of the household head

Age of the household head Age of the head of the household in years 50.3985
Marital status % of married household head 0.8205
ﬁg;;atlon of the household Years of education of the household head 6.1455
Education of the spouse Years of education of the spouse 2.8974
Household size Number of household members 5.3818
Age of the spouse Age of the spouse 39.4338
Farming experience Years of farm experience 22.0624
Number of occupations Number of occupations of household head 2.2176
Geographical location

Region 1= Songwe Region 0.4934
Mbozi District 1 = Mbozi District

Mbarali District 1= Mbarali District

Farm Characteristics

Farm size Farm size in acre 7.962
Soil fertility 1 = good soil fertility 47.5
Production diversity Number of crops cultivated 2.8039
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Soil erosion 1 = No soil erosion 0.3115
Farm distance Farm distance from home, minutes 18.0589
Institutional Characteristics

Number of group membership 1= More than one group membership 27.51
Extension services 1= Access to extension services 16.42
Distance to the extension offices Extension office distance from home in minutes 23.6377
Distance to the local market Market distance from home in minutes 62.2633
Household wealth

Livestock ownership (TLU) Livestock herd size (tropical livestock units; TLU) 1.7242
Logarithm of Asset Logarithm of Asset index 13.1498
Farm ownership 1 =own a farm 0.8579

Average number of plots

cultivated Number of plots 2.9381

2.3.5 Concerns in estimations of the econometric models

There are different factors which determine the decision of farm households to use agriculture
practises. Therefore, it is important to control them in estimating the MVP model (Kassie et
al., 2013). However, there is a possibility of multicollinearity’ problem when independent

variables are added in the model.

Therefore, the study used the inflation factor to test for the multicollinearity for the
continuous variables included in the model. The results showed that the variance inflation
factor (VIF) values were less than 10 indicating that there was no serious relationship between
the explanatory variables included in the model. Furthermore, the contingent coefficients
were used to test multicollinearity for the categorical variables used in the model. Again, the
results showed the contingent coefficients between the categorical variables as the contingent

coefficient was less than 0.75 for all cases.

! According to Wooldridge, (2010) multicollinearity exists whenever two or more of the predictors in a
regression model are moderately or highly correlated.
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24  Results and Discussion

2.4.1 Descriptive statistics

The study found the average farm size was 7.9 Acre while the distance from the homestead to
the farm was found to be 18.06 minutes. The distance from homestead to nearest market was
found to be 62.26 working minutes. The average age of head of the household was found to
be 53 years while the farming experience was found to be 22.06 years. This implies that
farming households in the study area are in the productive age with high experience in food
crop production. Kassie (2013) holds that household heads at the productive age and high
farming experiences can influence the usage of agricultural technologies positively.

The study found that the farming household visited in the study area are male dominated as
evidenced by 84.89 % share of male household heads with an average of 2.2 occupations and
spent an average of 6.14 years schooling. The household size was found to be 5.38 members
while the local market been 62.26 walking minutes away. The average tropical livestock unit

(TLU) was found to be 1.72 with an average of 3 plots cultivated in the previous season.

2.4.2 The rate of using CSA-practises

Table 2.2 show the specific rate of using various CSA-practises. The results show that usage
rates ranged from 33.96% (intercropping) to 66.67% (crop rotation). The rates of using other
practises are 60.64% for drought-tolerant maize seeds, 46.5% for residue retention. The usage
rate of organic manure, intercropping and irrigation were found to be 36.94, 33.96 and 23.28
% respectively. The intensity of using these practises ranged between zero to six practises,
which means that some farming households used up to six practises while other households

did not use any other practise.
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The findings are the same as the study by Kpadonou et al. (2017), which found that the use of
CSA-practises varies across socio-economic settings of the households and the types of
practises. The findings disclose that there is a need for the government and other agricultural
practitioners to promote the usage of CSA-practised in order to improve household income
and food security. As such, understanding the major drivers and constraints to usage and
intensity of using CSA-practises is crucial to provide evidence-based policy making for

agricultural development in SSA.

2.4.3 Complementarity and trade-off among CSA-practises

The simultaneous usage of CSA-practises shows a likelihood of correlation (interdependence)
among the CSA-practise. The study used the pair-wise correlation across the MVP residuals
and Table 2.3 shows the estimates. The result the likelihood ratio test (Chi® (15) = 63.9175;
Prob > chi® = 0.000) rejects the null hypothesis of zero covariance of the error terms across
the equations. Table 2.2 shows the use of combinations of drought-tolerant maize seeds and

crop rotation is positive and significant at 10%.

Combinations of residue retention and crop rotation, organic manure and crop rotation,
intercropping and residue retention, intercropping and organic manure are significantly and
positively associated at significant level 1%. In addition, the use of combinations of organic
manure and drought-tolerant maize seeds is also positive and significant at 5%. This indicates
that that farming households consider these CSA-practises as complements (i.e. farming
households apply these technologies simultaneously). The complementary between CSA-
practises were similar to the finding of Kanyenji et al. (2020) who found organic manure and

intercropping complement each other in farming system in western Kenya.
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Table 2. 2: Complementarities and substitutability of CSA-practises: Correlation
coefficient of the error term matrix

Crop irrigatio Residue
rotation n DTMS retention Organic Manure  Intercropping
Crop rotation 1
irrigation -0.159** 1
(0.0697)
DTMS 0.0915* -0.0588 1
(0.0541) (0.057)
Residue retention ~ 0.231*** -0.076 0.045 1
(0.0539) (0.0541)  (0.0422)
Organic Manure  0.192%%** -0.068 0.107**  0.0666 1
(0.0549) (0.0587)  (0.0463) (0.0435)
Intercropping 0.0597 -0.0125 -0.0153  0.128*** 0.130%** 1
(0.0549) (0.057) (0.0442)  (0.0426) (0.0458)

The Likelihood ratio test of rho21 = rho31 = rho41 = rho51 = rho61 = rho32 = rho42 = rho52 =
rho62 = rho43 = rho53 = rho63 = rho54 = rho64 = rho65 = 0: chi® (15) = 63.9175 Prob > chi2
=0.0000 Standard errors in parentheses

2.4.4 Determinants of using CSA-practises

Results of the MVP model estimated using the maximum likelihood method at household
level are shown in Table 2.3. Result shows that the model fits the data since the Wald test
shows, Wald y*(125/=1052.48; Prob > »*=0.0000 of the null hypothesis, that all regression
coefficients in each equation are jointly equal to zero are rejected. This shows the relevance of
the model to account for the unobserved correlations across decisions to use combination of

CSA-technologies.
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Additionally, the use of MVP was confirmed as the appropriate model in this study as the

significance of the LR tests [Chi-Square(y*=63.9175,p=0.000). Therefore, we reject the
hypothesis that the CSA-technologies considered in this study (irrigation, organic manure,
intercropping, crop rotation, drought tolerant maize seeds and residue retention) are

independent.
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Table 2. 3:Estimates of the MVP model

Crop rotation Irrigation DTMS Residue retention Organic manure Intercropping

Variables Std Std

Coef. Std Err. Coef. Std Err. Coef. Err. Coef. Std Err. Coef. Std Err Coef. Err.
Household Characteristics
Gender of the household
head 0.781%%* 0.2400 -0.267 0.2490 -0.109  0.1760 0.284* 0.1680 0.327* 0.1850 -0.0271  0.1780
Age of the household head -0.00455 0.0063 0.0253%** 0.0068 0.000140  0.0046 -0.000918 0.0044 0.00209 0.0049 0.00125  0.0047
Marital status -0.238 0.2380 0.0705 0.2520 0.252  0.1660 -0.153 0.1570 -0.118 0.1730 -0.116  0.1700
Education of the household
head 0.0120 0.0209 0.0827%** 0.0224 -0.0114  0.0150 0.00155 0.0142 0.0107 0.0156 0.0193  0.0151
Education of the spouse 0.0299 0.0468 -0.00622 0.0511 0.0504  0.0324 -0.0268 0.0306 -0.0169 0.0337 0.0376  0.0318
Household size -0.0365 0.0253 -0.0369 0.0273 0.0298*  0.0177 0.0138 0.0167 0.0154 0.0179 0.0302*  0.0177
Age of the spouse 0.000360 0.0055 0.00216 0.0059 -0.00566  0.0040 -0.00562 0.0039 -0.00145 0.0043 -0.000284  0.0040
Farming experience 0.00406 0.0051 -0.0147%** 0.0054 -0.00461  0.0038 -0.00381 0.0037 0.00582 0.0040 0.00313  0.0038
Number of occupation 0.518%** 0.0861 0.104 0.0876 -0.0401  0.0588 0.156%%** 0.0560 0.205%** 0.0618 0.126**  0.0586
Farm Characteristics
Farm size -0.000574 0.0069 0.00505 0.0088 0.0112**  0.0048 -0.000465 0.0040 0.00223 0.0043 -0.00685  0.0049
Moderate soil fertility 0.00520 0.1050 -0.160 0.1110 0.0295 0.0726 0.0984 0.0690 -0.171%* 0.0748 -0.00339  0.0725
Moderate soil erosion -0.304%* 0.1170 -0.404*%* 0.1340 0.0506  0.0801 -0.0489 0.0762 0.0893 0.0814 0.110  0.0794
Farm distance 0.00221 0.0036 -0.00846** 0.0035 -0.00452**  0.0021 0.00198 0.0020 -0.00664%*** 0.0023 -0.000484  0.0022
Production diversity 0.225%3%* 0.0766 -0.00698 0.0707 0.0610  0.0505 -0.0675 0.0458 0.157%%* 0.0496 0.489***  (0.0511
Geographical location
Region 1.387%*%* 0.1540 -7.830 142.2000 0.324**%*  (0.0801 0.230%%* 0.0768 0.379%%* 0.0809 -0.0400  0.0808
Institutional Characteristics
Number of group
membership 0.175 0.1330 0.333%* 0.1330 -0.136*  0.0823 0.398*** 0.0779 0.0816 0.0821 0.0146  0.0814
Access to extension services -0.119 0.1580 -0.374%** 0.1850 0.148  0.1020 -0.275%** 0.0952 0.145 0.0998 -0.0224  0.0996
Distance to the extension
office -0.00360** 0.0017 0.0196%** 0.0021  -0.0109***  0.0013  0.00384*** 0.0012  -0.00936%*** 0.0015 0.00100  0.0013
Distance to the market -0.000524 0.0008  -0.00326%** 0.0009 0.000178  0.0004 -0.000252 0.0005 -3.14e-05 0.0002 0.000232  0.0003
Household wealth
Asset ownership 0.00837 0.0458 0.243*%* 0.0483 0.0794**  0.0317 0.0468 0.0298 0.124%%* 0.0330 -0.0179  0.0319
Farm ownership 0.223* 0.1280 -0.327%* 0.1430 -0.00257  0.1050 0.0983 0.1000 0.275%* 0.1170 0.0397  0.1070
Livestock ownership (TLU) 0.00489 0.0160 -0.00808 0.0164 0.00289  0.0121 0.00171 0.0116 0.0438%** 0.0120 -0.0195 0.0144
Number of plots owed 0.119* 0.0703 -0.0588 0.0634 0.172%**  (0.0459 0.0201 0.0409 0.135%%* 0.0440 -0.111*%*  0.0444
Constant -1.656** 0.6780 -4.259%%** 0.7240 -1.289***  0.4720 -1.087** 0.4530 -3.943%%* 0.5110 -1.926***  (0.4830

% p<0.01, ** p<0.05, * p<0.1
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The results show that the gender of the head of the household positively and significantly
influenced the usage of crop rotation, residue retention and organic manure. This indicates
that male household heads were more likely to use these practises compared to their
counterpart female household head. The results are consistent with the study by Ngoma et
al. (2015) and Mwangi and Kariuki (2015), who found that the gender influenced

positively the use of conservation agriculture practises.

Farm size found to influence positively the usage of drought-tolerant maize seeds at a
significant level of 5%. Farmers in rural Tanzania consider having large farm as a sign of
wealth. So, farmers with large farm can afford to buy agricultural inputs, including

drought-tolerant maize seeds.

The age of the head of the household had a significant and positive effect on the use of
irrigation at a significant level of 1%. This implies that aged people were more
participated in irrigation farming than youths in the study area. The low level of
participation of youths in irrigation farming could be because they are not members of
farmer organizations such as Agricultural Marketing Cooperative Societies (AMCOS) in
which the majority of irrigation schemes are owned by these AMCOS. However,
participation of aged people in irrigation farming could be an advantage in terms of social

capital as the majority are members of the AMCOS.

Farming households with more occupations have revealed to have a positive link with the
use of crop rotation, residue retention, organic manure and intercropping. The positive
effects of occupations on these practises suggest that farm households with many
occupations are likely to intensify their spending to procure organic manure, hiring farm

and other farm implements, as their financial barriers may be overcome by their
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engagement different sources of income. The result is also similar to that of Diiro (2013)
who found number of occupations have a positive association with the usage of pesticides.
The study by Danso-Abbeam et al., (2019) also found a positive effect of different sources
of household income on the use of agro-chemicals. However, Kanyenji et al. (2020) found
that farming households whose farming is the main occupation, had an increased
probability of using organic manure since its application is labour intensive, and thus full-
time farmers had more time on their disposal to transport and apply the manure on their

plots.

The study found that agricultural extension services had a negative and significant effect
on the use of irrigation practise. This implies that whether farming households have
received extension services or not, they might not use a certain practise. Therefore, just
having contact with an extension agent for extension services was not important. The
important thing is the decision to use an irrigation practise. The study did not meet the a
priori expectation since agricultural extension is meant to influence practise uptake by
farming households and promote cross learning and experience sharing among farming
households. Similarly, a study by Teklewold et al. (2017) finds that access to extension
services have a negative and significant effect of using chemical fertilizers and improved

seeds.

Furthermore, the study found a negative and significant association on access to
agricultural extension services and residue retention. This might be caused by the
opportunity cost of using the crop residue such as maize or paddy residues for mulching or
for feeding animals. This was supported by Tey et al. (2014) who argued that for farming

households which keep livestock, there is a possibility of increased requirement of animal



50

feed demand; as a result, leads to increased utilization of crop residue as livestock feed

instead of using them for mulching

The study moreover found that the farm size has positive association with the usage of
drought-tolerant maize seeds. This means that, farming households with large farm size
aimed to maximize profit and risk averse; therefore, they are likely to use drought-tolerant
seed to avoid risks related with climate change. In addition, farming households with large
farms use their land to apply agricultural practises compared to those with smaller farms.
The finding is consistent with the findings of Danso-Abbeam and Baiyegunh (2017) who
found a positive association between that farm size and the usage of pesticides and
chemical fertilizers. Bezu et al. (2014) also found a positive relationship between farm

size and the usage of improved maize variety.

The study found that the education level of head of the household was found to have
positive and significant effect with the probability of using irrigation practise at 1% level
of significance. Household heads with higher education can use irrigation technologies as
they might be more innovative and they have ability to assess usage risks compared to
their counterparts. Similar results were found by Ntshangase et al. (2018), who found the
education level of the head of the household to be significantly and positively correlated

with the use of zero tillage as a CSA-practise at 1 % significant level.

According to Kassie et al. (2013), the distance from home to the nearest market can be
considered as a proxy to the market information. The study found a negative association
on the use of irrigation. This suggests that access to input and output market is imperative
in enabling usage, through assisting input and output transport, reducing the cost of the

household’s time and enabling more timely market information. Farming households
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which have access to market were more likely to use irrigation because farming
households in the study area that have access to markets were selling more of their crops
that use irrigation, especially paddy in Mbarali district.

Asset ownership was found positive and significant associated with the use of irrigation,
drought-tolerant seeds and residue retention. This is perhaps because better-off farming
households may have the capacity to purchase drought tolerant maize seed and other costs
associated with the usage of irrigation. This finding is in agreement with that of Beyene et
al., (2017) who found asset ownership to be correlated with the decision to use the number

of CSA-practises such as tree planting and intercropping.

The location variable (region) was found to be positive with significant connected with the
farming household’s decision to use crop rotation, drought-tolerant maize seeds, residue
retention and organic manure. This means that farming households in Songwe region use
these practises more than their counterparts in the Mbeya Region. This might be because
Songwe Region receives more interventions on various CSA-technologies provided by
non-governmental organizations such as AGRA, ADP- Mbozi, One-Acre fund which are
more based in Songwe Region than in Mbeya Region. Similarly, the study by Donkoh et
al. (2019) found the Brong-Ahafo region variable to positive and significantly connected
with the usage of pesticides but negatively and significantly connected with the use of

chemical fertilizers.

Land ownership showed a positive impact on the usage of crop rotation and organic
manure. This suggests that farming households are likely to use these practises on their
owned plots. In this regard, it implies that rent in a farm or a plot is associated with poor

agricultural practises (Gray and Kevane, 2001).
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2.4.5 Factors explaining the intensity of CSA-practises usage

Farming households in the study area have used multiple CSA-practises but the usage
intensity differs. The study employed an ordered probit model to explain determinants of
CSA-practises’ usage intensity. Farming household can use a certain CSA-practise base on
their needs. For example, farming households which live in drought areas like Mbarali
district can opt to use irrigation than areas with high rainfall, like Mbozi and Mbeya rural.
Likewise, farming households which kept different types of livestock might use farm yard

manure compared to their counterparts.

Therefore, Appendex 2-1 presents the marginal effects of the outcome variables where
farming households which did not use any practise were given the value of 0 then the
value of 1, 2, 3, 4, 5 and 6 were given for the households used one, two, three, four, five
and six CSA-practises respectively. The chi® statistics for the ordered probit model is
statistically highly significant (LR chi® (34) = 1519.24; Prob > chi* = 0.000) and rejects the

null hypothesis (all slope coefficients equal to zero).

The results from Appendix 2-2 show that the independent variables vary over the different
intensity levels. It shows that farming households with higher production diversity has the
probability of using at least three four, five or six CSA-practises at the percentages higher
by 3.25, 7.35, 3.19 and 0.31 points respectively. Farming households can diversify their
production by employing different CSA-practises which are compatible with temperature
or rainfall variability to take advantage of beneficial climate conditions. This result is
similar to the study by Teklewold et al. (2019), which found that farming household
diversifies their production system to reduce the risks of climate change and diversity in

Ethiopia.
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The study found the probability of using three, four, five and six practises is higher by
1.59, 3.57, 1.55 and 0.15 %age points respectively in household with many occupations
compared to those with few occupations. This implies that household heads with many
occupations used more CSA-practises because they were not facing financial constraints
which could hinder them to invest on multiple CSA-practises. However, this finding is
conflicting to that of Oumer and Burton (2018) who showed that number of occupations
significantly decreased the intensity of using more than two practises by 14%. The
coefficient for gender of the household’s head was significantly positive. Farming
households headed by men have the probability of using five and six by 1.76 and 0.16 %

higher than farming households headed by female.

Membership to more than one farmer organisations also has link with the intensity to the
usage of CSA-practises. The study found that the probability of using two, three, four, five
and six practises is higher by 3.51, 1.54, 4.19, 1.93 and 0.2% age points respectively for
the household head joined in more than one farmer organisations compared to the faming

household head joined only in one farmer organisation.

This is due to the fact that, being a member of many organisations can help members to
get different knowledge about the effect of climate change and variability which lead them
to use multiple CSA-practises to reduce the increasing risks, and reduce the consequences
of climate change and variability. The study is the same as the study by Teklewold et al.
(2019), which found that membership of farmer organisation increased the intensity of

CSA-practises used by the farming households in of Ethiopia.
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The number of the cultivated plots by the farming households in the previous season
preceding the survey shows a positive relationship on the number of CSA-practises used.
Some variables such as the distance from to the agricultural extension office and local
market distance from home have shown a negative effect on the number of the practises

used. Geographical location also has association with the number of CSA practises used.

Farming households in Songwe region have the probability of using three, four, five and
six by 1.16, 2.64, 1.15 and 0.11 % higher than farming households in Mbeya region. The
findings of this study support other literatures which conclude that farming household in
developing countries; Tanzania being inclusive are normally adapted to climate risks by
using multiple adaptation practises (Shiferaw et al., 2009). Farms/plots’ ownership
influences the intensity of CSA-practises, where the probability of using three, four, four
and five practises is higher by 1.59, 3.57, 2.84 and 1.23 %age points respectively
compared to farming households which rented-in farms/plots for agricultural production.
The result is related to the work of Teklewold et al. (2019) on their study of usage CSA-

in the Nile Basin of Ethiopia.

The study found the education of the spouse, tropical livestock unit, plot size, household
size, soil erosion, access to market, soil fertility and access to extension services and age,
marital status, education of the household head were insignificantly related to the intensity
of usage of CSA-practises in our study area. This is consistent with some studies such as
Oladimeji et al. (2020) which found the household size to be insignificant on usage of
conservation practises. The finding is different with the findings of Aryal et al. (2018)
who found the age of head of the household, credit, and famer organization membership

were significantly influenced the intensity of usage of soil conservation practises.
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2.5  Conclusion and Policy Implications

A cross-sectional study data was obtained from 1443 farming households in the southern
highlands of Tanzania where the factors that determine the usage and intensity of using of
CSA-practises were examined. The multivariate logit model (MVP) was employed to
examine the usage of multiple CSA-practises while the ordered probit (OP) was employed
to examine the factors influencing the intensity to use different CSA-practises.
Understanding constraints and supporting factors for the use of CSA-practises helps in
designing and formulating extension messages and agricultural policies that can accelerate

the dissemination of CSA-practises.

The study found that the intensity of using these CSA-practises considered in this study is
also very low. More than 70 % of the farming households use only one to three practises,
indicating that an important potential still exists to improve the specific usage rates as well
as the intensity of using CSA-practises. Policymakers must target practises with lower
usage rates and provide farming households with further incentives towards the

intensification of their use.

The study found that the farm households are using CSA-practises as complements;
therefore, government and non-governmental organisations dealing with agriculture
development have to consider complementarities among these CSA-practises and promote
them to farming households. In addition, the complementarities among the CSA-practises
can have vital policy implications. For example, a policy amendment that impacts one
practise can have an impat on the use of other practises. Therefore, these
complementarities can be used to define appropriate combination of CSA-practises used in

specific areas.
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The findings confirmed that wealthier farming households, particularly those with access
to household assets and plot/farm ownership are more likely to use these practises.
Policies that enable farming households to secure their own land for cultivation as a
motivation of using multiple CSA-practises should be considered. Furthermore, the study
highlighted the contribution of gender of the household head on the use of CSA-practises.
This calls for the policymakers to target female-headed households who showed lower
incentives in intensifying the use of CSA-practises, possibly because of their limited

control over labour and land assets.

Promotion of CSA-practise, primarily organic manure, is essential to reduce the need of
synthetic fertilizers. Therefore, any practices such as organic manure that increase N use
efficiency can substantially reduce emissions from agriculture. The results from our
analysis show that gender of the household head, livestock ownership, asset ownership,
production diversity, occupation are positively associated with the decision to use organic
manure. As suggested by Sapkota et al. (2019), the policymakers need to set up alternative
pathways for agricultural development so that it can achieve high-yield, low-emission
targets in agricultural production. Setting up such an alternative pathway needs to consider
several factors, which include not only the type of agricultural technology/practices but

also the socio-economic and human behavioral dimensions.

Access to markets and extension services and other information sources are found to play
a crucial role in increasing CSA usage intensity to use. Therefore, it is important to focus
on policies and plans that improve market access and the quality of extension services.
Dissemination of CSA knowledge and its role in climate risk mitigation is critical to
promote it. More CSA training for farmers, government extension staff working at the

local level, and use of communication tools to share and promote knowledge on CSA use
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to combat the global challenge of climate change are essential. Understanding barriers and
enabling conditions to CSA usage helps in designing and formulating extension messages
and agricultural policies that can accelerate CSA dissemination and help safeguard

agricultural production and food security in Tanzania.
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Appendixes
Appendix 2. 1: Selection of CSA-practises and their Contribution to Triple Win
Objectives
CSA-practises Definition and justification for inclusion
Crop rotation Definition A practise in which growing more than one crop are
grown across time (Teklewold et al., 2019).
Adaptation Helps in improving soil health, decreasing the

occurrence of pests and diseases, improves crop
diversification and prevents soils erosion (Teixeira et al.,
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2018).

According to Teklewold et al. (2019) crop rotation
decreases the application of nitrogenous fertilizers when

Mitigation leguminous crops are introduced. It also maintains
and/or improves soil carbon stocks.
. Improvements in farm productivity of pasture, feed and
Productivity food crops (Teixeira et al., 2018).
Household Improved income and food security due to improved
welfare agricultural productivity (Teklewold et al., (2019).
Definition The aFt of growing two or more crops per unit of land
area simultaneously.
It controls weeds, improves water holding capacity, it
Adaptation contributes to reduce crop failure risk increases food
availability and dietary diversity (Teklewold et al.,
2019).
Maintains or improves soil carbon stock or organic
Intercropping Mitigation matter content, reduces the need for chemical fertilizer
(Hassen et al., 2017).
According to Teklewold et al. (2019) intercropping
Productivity irr}l)'roxf.es productivity, hence promoting sustainable
utilization of resources such as land and water;
diversifies income sources.
Household Enhanced income and food security due to enhanced
welfare productivity (Hassen et al., 2017).
Irrigation is defined as the process of applying a
Definition controlled amount of water to the plant at the
recommended intervals.
Improves infiltration and retention by the soil, reduces
. water loss due to runoff and evaporation, and improves
Adaptation . s
the quality and availability of ground and surface water
Irrigation (Irrigation (Arslan, 2013).
canal lining) Mitigation Efficiency use of irrigation water reduce GHG emission
According to Arslan (2013) the use of irrigation
Productivity Increases water availability in the soil hence is enabling
the agricultural production.
Household Enhanced income and food security due to enhanced
welfare productivity.

Continue...

CSA-practises

Definition and justification for inclusion

Organic manure

It is the application of animal wastes in the farm

Definition (Teklewold et al., 2019).
Improves soil structure and its water holding
Adaptation capacity with minimum leaching (Khaitov et al.,

2019).

Mitigation

Increases carbon storage in soils, reduces
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the need of synthetic fertilizers and related
GHG emissions (Khaitov et al., 2019).

Productivity

Increases crop yields and income.

Household welfare

Improved household income and food security as a
result of improved productivity.

Drought tolerant
maize seeds

Are seeds which can produce at least 1-3 tons/ha

Definition after suffering water stress for nearly six weeks
(Magorokosho et al., 2009).
Adaptation The seeds have the ability to withstand an abiotic
stress (Masuka et al., 2017).
e Leads to reduction in emissions due to the lowering
Mitigation o
the usage of fuel for irrigation.
Contributes to reductions in production costs, enable
Productivity production and yield stability even in the scarcity of

water for irrigation (Masuka et al., 2017).

Household welfare

Addressing food security and income (Bellon and
Taylor, 1993).

Residue retention

Is considered to be crop remains which are left in the

Definition field after harvest (Bolinder et al., 2020).
Adaptation Enhances soil moisture, fertility and reduces soil
erosion (Chalise et al., 2019).
Increases carbon storage in soils, reduces use of
Mitigation synthetic fertilizers and related GHG emissions.
(Bolinder et al., 2020).
Productivity Increases crop yields and income (Bolinder et al.,

2020).

Household welfare

Addressing food security and income (Page et al.,
2019).
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Appendex 2. 2: Estimates of the ordered probit model and marginal effects of key variable

Variables Coef. Std. Err. Pr(Y=0X) Std. Err. Pr(Y=1X) Std. Err. Pr(Y=2X) Std.Err. Pr(Y=3X) Std. Err.
Gender of head of the household 0.2250 0.1367 -0.012 0.00843 -0.04334 0.0278 -0.0340* 0.01848 0.0252 0.0183
Age of the household head 0.0046 0.0036 0.000 0.00016 -0.00084 0.0007 -0.0008 0.0006 0.0004 0.0003
Marital status -0.0271 0.1289 0.001 0.00566 0.004915 0.0234 0.0045 0.02146 -0.0024 0.0116
Farm experience -0.0013 0.0030 0.000 0.00013 0.000231 0.0005 0.0002 0.00049 -0.0001 0.0003
Production diversity 0.3590%** 0.0382 -0.0156%** 0.00272 -0.0652%** 0.0077 -0.0598%** 0.0075 0.0323*** 0.0051
Occupation 0.1742 0.0454 -0.0076%** 0.00225 -0.0316%** 0.0084 -0.0290%** 0.0078 0.0157%%** 0.0045
Level of education of the head of the

household 0.0144 0.0116 -0.001 0.00051 -0.00262 0.0021 -0.0024 0.00193 0.0013 0.0011
Level of education of the spouse 0.0129 0.0249 -0.001 0.0011 -0.00234 0.0045 -0.0021 0.00414 0.0012 0.0023
Household size 0.0208 0.0136 -0.001 0.00061 -0.00378 0.0025 -0.0035 0.00227 0.0019 0.0013
Age of the spouse -0.0056* 0.0031 0.000 0.00014 0.0010* 0.0006 0.0009* 0.00052 -0.0005* 0.0003
Tropical Livestock Unit 0.0055 0.0094 0.000 0.00041 -0.001 0.0017 -0.0009 0.00156 0.0005 0.0009
Total plot size 0.0000 0.0032 0.000 0.00014 2.74E-06 0.0006 0.0000 0.00054 0.0000 0.0003
Geographical location -0.1293** 0.0622 0.0056%** 0.00282 -0.0234* 0.0114 -0.0215* 0.01042 0.0116** 0.0057
Soil fertility -0.0088 0.0560 0.000 0.00246 0.001595 0.0102 0.0015 0.00932 -0.0008 0.0051
Soil erosion -0.0225 0.0617 0.001 0.00276 0.004101 0.0113 0.0037 0.01018 -0.0021 0.0057
More membership 0.2029%* 0.0632 -0.0081*** 0.00259 -0.0354*** 0.0107 0.0351 %% 0.01147 0.01547%%* 0.0044
Average farm distance -0.0028* 0.0017 0.000 0.00008 0.000511 0.0003 0.001 0.00028 -0.0003 0.0002
Extension services -0.0412 0.0769 0.002 0.00359 0.007573 0.0143 0.007 0.01245 -0.0039 0.0076
Distance to the extension office -0.0028%** 0.0010 0.000 0.00005 0.0005%** 0.0002 0.0004*** 0.00017 -0.0001 *** 0.0001
Access to market -0.0001 0.0001 0.000 0 1.41E-05 0.0000 0.001 0.00002 0.0000 0.0000
Log of asset 0.1152%%* 0.0243 0.0051 % 0.00127 -0.0209*** 0.0046 -0.0192%** 0.0042 0.0103%** 0.0025
Plot ownership 0.1389* 0.0815 -0.0061* 0.00367 -0.02525 0.0149 0.0231* 0.01366 0.0125* 0.0075
Number of plot cultivated 0.0574* 0.0336 -0.0025* 0.00152 -0.01042 0.0061 -0.0096* 0.00564 0.0223 0.0052

Continue...
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Variables Pr (Y =4X) Std. Err. Pr (Y =5/X) Std. Err. Pr (Y =6/X) Std. Err.
Gender of head of the household 0.0446 0.026 0.0176* 0.0095 0.0016* 0.0009
Age of the household head 0.0009 0.001 0.0004 0.0003 0.0001 0.0000
Marital status of the household head -0.0055 0.026 -0.0024 0.0114 -0.0002 0.0011
Farm experience -0.0003 0.001 -0.0001 0.0003 0.0000 0.0000
Production diversity 0.0735%** 0.009 0.0319%%* 0.0043 0.0031*%* 0.0011
Occupation 0.0357*** 0.009 0.0155%%** 0.0042 0.0015** 0.0006
Level of education of the head of the household 0.0030 0.002 0.0013 0.0010 0.0001 0.0001
Education of the spouse 0.0026 0.005 0.0011 0.0022 0.0001 0.0002
Household size 0.0043 0.003 0.0018 0.0012 0.0002 0.0001
Age of the spouse -0.0011* 0.001 -0.0005* 0.0003 0.0000 0.0000
Tropical Livestock Unit 0.0011 0.002 0.0005 0.0008 0.0000 0.0001
Total plot size 0.0000 0.001 -0.0001 0.0003 0.0000 0.0000
Geographical location 0.0264** 0.013 0.0115** 0.0056 0.0011* 0.0007
Soil fertility -0.0018 0.011 -0.0008 0.0050 -0.0001 0.0005
Soil erosion -0.0046 0.013 -0.0020 0.0054 -0.0002 0.0005
More membership 0.0419*** 0.013 0.0193*%** 0.0067 0.0020** 0.0010
Average farm distance -0.0006* 0.000 -0.0002* 0.0002 0.0000 0.0000
Extension services -0.0084 0.016 -0.0036 0.0065 -0.0003 0.0006
Distance to the extension office -0.0006%** 0.000 0.0002*** 0.0001 -0.0001** 0.0011
Access to market 0.0001 0.002 0.0011 0.0001 0.0021 0.0023
Asset ownership 0.0236*** 0.005 0.0102%*%* 0.0023 0.0010** 0.0004
Plot ownership 0.0284* 0.017 0.0123* 0.0073 0.0012 0.0008
Number of plot cultivated 0.0117* 0.007 0.0051* 0.0030 0.0005 0.0003
/cutl 1.477797 0.369582

/cut2 2.510713 0.370806

/cut3 3.391741 0.373057

/cutd 4.325163 0.376861

/cuts 5.258687 0.381774

/cutb6 6.351345 0.401489
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Abstract

Developing countries are facing challenges in agriculture development due to change in market
conditions, food demand and climate. The effect of climate change causes a major threat to
agricultural production and food security in Tanzania, and Climate-smart Agriculture (CSA) is
crucial in addressing the potential impacts. A cross-sectional study was conduct to collect
information from 1443 farm households in the Southern Highlands of Tanzania to analyse
factors that determine probability of using multiple combinations of Climate-smart Agriculture
practices (CSA-practises) (i.e., crop rotation, crop residue retention and intercropping). The

study applied a multinomial logit model was applied to examine the determinants of using
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multiple combinations of CSA-practises. The analysis of factors that influence farm households’
decision to use CSA-practises revealed that production diversification, gender and livestock
ownership were found to be positive and significantly effect on the usage of combination of crop
residue retention and intercropping (CoR;l;). In addition, education level and gender of the head
of the household had positive and significant in the usage of combination of crop rotation, crop
residue retention and intercropping (C;R;l;). This comprehensive study is significant for a finer
understanding of the synergistic effect of interrelated CSA-practises. The study calls for policy
makers to enact policies and plans that promote CSA-practises as a combination, including other
interrelated practises to upscale CSA-practises usage while harnessing the synergies between
them.

Keywords: CSA-practises; usage; crop rotation; crop residue retention; intercropping.

3.1  Introduction

Climate change is the biggest challenge to food security systems in the 21* Century. The global
population have to reduce the impact of climate change as it is known that the capacity to
control the pace of climate change by reducing the effect of temperature change with the limit of
2°C for long run is now difficult (IPCC 2014). The major consequences of climate change
include the unreliable precipitation, floods, drought, storms and landslides which lead to harm of
the life of human being, decline of crop and livestock yield, soil erosion, etc., and hence

negatively affect household food security (Goglio et al., 2018; Byishimo, 2017).

Developing countries are facing challenges in agriculture development due to change in market

conditions, food demand and climate. It is predicted that the annual mean temperature of the
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extensive area in the middle of the 21% Century will be 2 °C higher than during the late
20™ Century with an increase of drought incidence and unpredictable precipitation (IPCC,
2014). The impacts of these changes are expected to increase pests and diseases for crops and
livestock, affect water supplies, adversely affect biodiversity, hence food insecurity (Grossi, et
al., 2018). Consequently, climate change and agriculture appear to be interconnected in such a
way that climate change has positive or negative impacts on agriculture through temperature and
rainfall changes. However, agriculture also affects climate through emissions of greenhouse
gases (Grossi, et al., 2018). It is estimated that agriculture through use of fossil fuels cultivation
of organic soils and poor management of inorganic fertilizer contributes up to 30 % of the total

global greenhouse gas emitted (Garnett 2012).

Tanzania is one of the vulnerable countries to climate change threats. Studies by Mkonda and
He, (2017) and Mashingo, (2010) shows that, since 1960 there is an increase of 10 °C annual
temperature and decrease of rainfall by 2.8 mm per month. An increase of drought, floods and
storms with a negative impact on food crop production and a serious impact on food security
especially in the rural farming households are also predicted (Mbilinyi, et al., 2013). In addition,
the negative effects of climate change increase socio-economic impact on people especially in
poor farming households (Mbilinyi, et al., 2013). Rural Tanzanian's smallholder farmers, who
are already bearing the brunt of climate vagaries, are the most exposed to the risks associated to
climate change (Mashingo, 2010).

Given the negative impacts of climate change, farmers in Tanzania especially in Southern
Highlands are trying to make changes to their agricultural practises (Mkonda and He, 2017).

These changes aimed to transform both crop and livestock production though usage of
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improved seed varieties, crop rotation, animal breeds, soil and land management practises, water
conservation practises, and improved fodder production among others (Capone et al., 2014).
These practises referred to as climate-smart agriculture (CSA-practises) which are likely to
enhance adaptive capacity, improve food security, and reduce/remove greenhouse gases in

resource-poor smallholder farming systems (Capone et al., 2014).

As defined by the FAO (2010), CSA refers to agriculture practises/technologies that sustainably
increases productivity, resilience (adaptation), reduces/removes GHGs (mitigation), and
enhances achievement of national food security and development goals. Thus, CSA is not a new
agricultural system, but is a new approach which guides the needed changes of agricultural
systems, given the necessity to jointly address food security and climate change (Long et al.,

2016).

Farm households in Southern Highlands of Tanzania (Mbeya and Songwe Regions) have used
CSA-practises on their farms voluntarily (Mkonda and He, 2017; Banjarnahor et al. 2014;
Shetto et al. 2007). This study considered three CSA-practises which are crop rotation,
intercropping and residue retention. Several studies have shown that crop rotation has the
advantage of breaking pest’s life cycle, deliver soil carbon sequestration, improve soil fertility
through nitrogen fixation and suspend weeds hence increase crop productivity (Di Falco et al.,
2010). Usage of crop residue is another important aspect of CSA-practise as it can assist to
improve soil moisture and decrease soil erosion while intercropping is potential in enhancing
utilization of plant growth resources such as growing space, water, nutrients and light (Bybee-

Finley and Ryan, 2018).
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Previous researches mostly focus on the usage of single practise considered as a single unit.
However, farmers typically use multiple practises to deal with their overlapping production
constraints caused by climate change such as unreliable rainfall, rise in temperature, increased
pest and diseases, soil erosion and low soil fertility (Mashingo, 2010). In addition, practise
usage decisions are path dependent: the choice of practise used most recently by farmers is
partly dependent on their earlier practise choices (i.e., Aurangozeb 2019; Kaweesa et al., 2018:

Thuo et al., 2017; Nyasimi et al., 2017; Ghimire et al., 2015).

Interestingly, usage of multiple combinations of CSA-practises on households in Africa and
Tanzania in particular has currently received consideration but empirical evidence is still
inadequate particularly in Tanzania (Beyene et al., 2017; Di Faclo et al., 2013). This is to say, if
the inter-relatedness of various CSA-practises are not considered, the effects of exogenous
decision on usage of CSA-practices made by farming households which might underestimated
or overestimated. Therefore, there is inadequate evidence on how the usage of multiple CSA-
practises by farming households in Tanzania responds to climate change. Then, to fill this
knowledge gap it is vital to examine the factors which motivate farming households to use
different combinations of CSA-practises where a multinomial logit model was applied to jointly

examine farming households’ usage decisions.

This study adds to the literature on the economics of climate change in the following ways.
First, it contributes to the narrow literature on usage of multiple combination of CSA- practises

in the aspect of changing climate to understand the synergistic effect of inter-related CSA-
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practises. Second, the study investigates for the first time, to our knowledge that treating
farmers’ usage choices in combination of practises is important in order to better understand the
synergistic effect of interrelated CSA-practises. These are important contributions to assist
governments and agricultural extension practitioners to design effective agricultural extension

policies related farmers’ usage of CSA-practises.

3.2 Overview of Literature

3.2.1 The concept of Climate-Smart Agriculture

The concept of CSA-practise marked to guide agriculture management in the climate change era
(Anderson et al., 2017). The aim of CSA is to support efforts at local and global level through
using agricultural systems for sustainable achievement of food security for all people at all
times, through integrating necessary adaptation and capturing potential mitigation (Lipper et al.,

2014).

There are number of objectives used to achieve this aim which include improving agricultural
productivity to support reasonable rises in incomes, improving food security and development,
building resilience to climate change and to reduce greenhouse gases emission from agriculture
(FAO, 2010). Interventions ranging from climate information services to field management

have potential to achieve these goals (Nyasimi et al., 2017).

3.2.2 Conceptual framework and econometric specification
According to Beyene et al. (2017) famers can either use agricultural practises in isolation or in a

combination Teklewold et al. (2017) argued that farmers are faced with choices and trade-off
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when they use or decide to use new practise or practice. In developing countries farmers differ
in terms of their culture, resource endowments and preference hence have different decisions in

CSA-practises usage (Loevinsohn et al., 2013).

Therefore, farmers can use a combination of practises to generate income, attain food security
and reduce poverty. This indicates that decision to use a certain CSA-practise is essentially
multivariate, and the use of univariate modelling would eliminate valuable information about
interdependent and simultaneous usage of these practices (Aryal et al., 2018). This is very
important because ignoring these interdependencies can result into inconsistent policy

recommendations (Beyene et al., 2017).

However, farming households are exposed to some uncertainty of risk and shock events as a
result of climate change and other production constraints, therefore effects of these constraints
play an important role in the usage of CSA-practises decisions. Therefore, the study applied the
theory of the maximization of expected utility to explain the decisions of farming households on

usage CSA-practises either in isolation or in combinations/packages.

This theory was devoted by von Neumann and Morgenstern (1986) and has been one of the best
decision-making theories. Based on this theory, farming households will use a given CSA-
practise in isolation or in combination only if the expected utility obtained from the certain
CSA-practise beats that of the business as usual. The utility derived from choice g for farm

household iequals;
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Take into consideration that U, is the utility related with choice q for the farming householdi,

and €;, is the error term related with that particular choice. Therefore, the probability of
choosing option 1 is the probability that the utility from option 1 exceeds the utility from option

2:

Pr(y,=1]=Pr (U,>U,)

OPr(py +e > pote)

O PE (€107 €0 Hig= Hi1) e ()
When there are J choices, as in our case, the probability of choice y is

Pr(y,=q)=Pr(U>U,¥j#q) oo, (3)

The form of the discrete choice model is determined under the assumption that distribution of &

Y, | the average utility for choiceq, to measured variables. To obtain

and the association of how
the Multinomial Logit (MNL) model, let the average utility be a linear combination of the

attributes of household, plot, and institutional:

Z is a nxk matrix of the independent variables, and U is a kx1 vector of parameters to be

estimated. Equation (iv) stand as a basis for the maximum likelihood estimator. Now let

Pr(Yi:q|Zl.,L?2, ......... ,U j)present the probability of observing Y,=q given Z; with parameters
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U, throughd ;. Letp; be the probability of observing the value of y that was actually observed for

the j"observation. Therefore, the likelihood function, if the observations are independent, is:

Substituting p; in the above equation yields:

N
G, ,dj\Y,z):HHMz,a
TN exp L4

j=1

By taking logs, the log likelihood equation could be maximized with numerical methods to
estimate thed 's. Therefore, resulting into estimates which are consistent, asymptotically normal,

and asymptotically efficient (Amemiya, 1981).

3.2.3 Empirical review

Previous studies related to the determinants of usage of CSA-practises have been conducted in
Tanzania and elsewhere. For example, using binary a study conducted by Aurangozeb (2019) in
Rangpur, India, showed that practises usage of rural women had significant negative correlation
with their usage of integrated homestead farming practises. Thuo et al. (2017) in his study of

the usage of tissue culture practise in Lower Eastern region of Kenya found that, access to the
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market, gender, education, access to agricultural extension services, access to land subsidy

policy, and income level were the important determinants in the usage of tissue culture practise.

Ghimire et al. (2015) argued that the factors influencing the likelihood of using improved rice
variety in Central Nepal are the yield potential, access to market, proper extension services, the
size of the farm, and farmers’ education level. Mittal and Mehar (2015) in their study they found
that education level of the head of the household, farm size, and age of the head of the
household were identified as major factors affecting the usage of modern agricultural

information in India.

Manda et.al. (2015) found the use of sustainable agriculture practices in Zambia decreased with
off-farm income, gender of the head of the household and the distance from home to the local
market. The study contradicted with the study by Lavison (2013) who concluded that gender of
the head of the household and access to the local market influenced the usage of agricultural
practises. Furthermore, Kariyasa and Dewi (2013) found that access to agricultural information
level of education of the head of the household, distance to the meeting place, agricultural
productivity level and age of the head of the household influenced the usage of integrated crop

management practices.

The study by Fisher et al. (2015) applied a multinomial logit model to examine the usage of
different varieties of maize in eastern and southern Africa. The study found that older heads of
the household were more likely to grow local maize and less likely to grow non-drought tolerant

maize seeds compare to younger household heads. Again the study found that head of the
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households with higher level of education were more likely to grow drought tolerant maize

seeds and less likely to grow local maize.

Nkonya et al. (1997) found that the farming experience of the head of the household was the
only factor that significantly influenced usage of improved maize Tanzania. Furthermore, the
study found that the number of livestock owned by the household influenced the usage of
chemical fertilizers. In addition, the study found the age of the head of the household, gender of
the head of the household, education level of the head of the household and household size

influenced the usage of chemical fertilizer.

Study by Eleni (2008) showed that head of the household who engaged in non-farm activities
were more or less used the soil and water conservation practises as a CSA-practise. Similarly,
the findings by Belay et al. (2004) indicated that participation in non-farm activities negatively
influenced the continued use of soil and water conservation measures. The study by Eleni (2008)
also showed that farmers who use chemical fertilizers are more likely to use soil and water

conservation practices compare to non-user of chemical fertilizers.

3.3  Study Methodology

3.3.1 Study area

The study was conducted in two regions and four districts. That is, in Mbeya and Mbarali
districts in Mbeya Region and Mbozi and Momba districts in Songwe Region in Tanzania.
These regions the breadbasket area of Tanzania where different types of crops are cultivated

such as maize, beans, soya beans and paddy rice.
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Selection of the study area was based on the cultivation of staple food crops such as paddy,
maize, common beans and soya beans. In addition, food and nutritional security vulnerability
was another selection criterion, because 37.7 % of children below five years are stunted (TFNC,
2014). The study area is also considered as appropriate for this study because farmers primarily
rely on food crop production for their livelihoods. Furthermore, mixed agronomic practises were

also the main driver for selection of the study area.

3.3.2 Sampling and data collection

A cross-sectional study was conducted to collect information from the household through
structured interviews under the project titled ‘‘Integrated Project to Increase Agriculture
Productivity in the Bread Basket Area of Southern Highlands of Tanzania”. The project aimed
to stimulate agricultural development by increasing the productivity of selected commodities

such as maize, rice, soya beans and common beans.

This was achieved through a value chain development approach, integrating various areas of
intervention, such as development of farmer organizations, improved access to inputs through
agro-dealer networks, extension, establishment of CSA-practises demonstration plots and access
to output markets through contracting with processors. Data were collected from four districts
(Mbarali, Mbozi, Momba and Mbeya) in Mbeya and Songwe regions.

The study population included the farming households cultivating paddy, maize, common beans
and soya beans where the selected respondents for the survey were households. The study

involved a multistage sampling where in the first step random sampling technique was used to
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select farmer organisations from lists obtained from the district agriculture irrigation and
cooperative offices from the respective districts. Within selected farmers’ organisations,
households were randomly selected from group membership lists provided by the group leaders

using simple random sampling techniques.

Total sample sizes of 1557 households were then selected for the survey. However, about 114
households were dropped during data cleaning prior to analysis as they did not have sufficient
data thereby, reducing the sample to 1443 households. Data collection for this study was done in
February 2017 through face-to-face administration of questionnaires. We used tablets for data
collection under the android application called Open Data Kit (ODK) in which the questionnaire

was in both Swahili and English versions.

3.3.3 Empirical model

The CSA-practises considered in this study include crop rotation, crop residue and
intercropping, providing eight mutually exclusive combinations of practises (2%). A MNL model
was used to estimate the probability of CSA-practises usage conditional on a vector of
explanatory variables. Household characteristics are classified among eight combinations of

CSA-practises based on the usage status as shown in Table 3-1.

Table 3. 1: Combination of usage of crop rotation, crop residue and intercropping

CSA Description
SN combinations
1 CoRolp CoRoly = 1 if a farmer is a non-user
2 CiRolp CiRolo = 1 if a farmer only uses crop rotation; 0 other wise
3 CoRilp CoRilp = 1 If a farmer uses crop residue; 0 other wise
4  CoRol4 CoRol; = 1 If a farmer uses intercropping; 0 other wise
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5 CiRilp CiRilp = 1 If a farmer uses crop rotation and crop residue; 0 other wise
6 CiRol; CiRol;= 1 If a farmer uses crop rotation and intercropping; 0 other wise
7  CoRily CoRI;= 1 If a farmer uses crop residue and intercropping; 0 other wise
8 CiRily FiP.I;= 1 If a farmer uses crop rotation crop residue and intercropping; 0 other wise

Let Y, takes the value 1 if the j™ household chooses the g combination of CSA-practise; 0

otherwise. The relative odds (P) of the used CSA-practises are expressed using the following

MNL model:
ij ' P— | /
logﬂzzjdq+gj’12(‘1,.....,n),q:(,) ...................... (7)
j

The log is the natural logarithm, Z represents the exogenous explanatory vector and U is a vector
of parameters to be estimated, and ¢ is a random disturbance term. g stands for the conditional

probability for the choice which is derived as follows [for more detail, see Greene (2003)]:

P, =Prob(Y, =1|=expél ..oocoveuieeannnn., (8)

Which, alternatively, can be written as:

b - exp(Z;9,)
B Mol )
1+ z expééi

k=1
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3.4  Variables used in the Empirical Analysis

3.4.1 Dependent variables

The study considered the dependent variables (CSA-practises) as a combination of crop rotation,
crop residue retention and intercropping as shown in Table 3-1. According to Teklewold et al.
(2019) crop rotation practise is defined as the art of growing more than one crop across time. As
a CSA-practice crop rotation play a potential role for adaptation to climate change as it helps in
improving soil fertility, decreasing the incidence pests and diseases, and reduce of soils erosion

(Teixeira et al., 2018; Ma et al., 2018).

Crop rotation also is important as helps to mitigation to greenhouse gases as it reduces the need
for nitrogenous fertilizers application when leguminous crops are introduced and maintain and
or improves soil carbon stock (Teklewold et al., (2019). The practise is important in the

Improvements in farm productivity of pasture, feed and food crops (Teixeira et al., 2018).

Intercropping is defined as the art of growing two or more crops simultaneously in a unit of land
(Dyer et al., 2012). The practise is considered climate smart as it controls weeds, improve water
holding capacity, it improves physical, chemical and biological characteristics of the soil
(Bybee-Finley and Ryan, 2018). Above all it intercropping decrease the rate of crop failure
hence improves food security (Teklewold et al., 2019). In mitigation of greenhouse gases
intercropping maintain soil carbon stock or organic matter content and reduces the need for
chemical fertilizer (Hassen et al., 2017). According to Teklewold et al. (2019) the practise
improves productivity therefore is important in promoting sustainable utilization of land, water

and other scarce resources.
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Crop residue retention is considered to be crop remains which are left in the field after harvest
(Bolinder et al., 2020). Crop residue retention enhances soil moisture, fertility and reduces soil
erosion (Chalise et al., 2019: Ma et al., 2018) In addition, the practise improves carbon storage,

decreases use of chemical fertilizers (Bolinder et al., 2020).

3.4.2 Explanatory variables

The explanatory variables included in the analysis are based on the empirical literature
(Beyene et al., 2017; Teklewold, et al. 2017; Manda et al., 2015; Kassie et al., 2014; Kassie et
al., 2013). Level of education of the head of the household measured by the years of schooling
was expected to be positively and significantly associated with the usage of CSA-practises either
in isolation or in combination. According to Khonje et al. (2015) educated farm household head
is expected to use CSA-practises individually or in combination than households with less or no
education. it is also expected that the education level of spouse of the head of the household may
positively affect usage of the practices either in isolation or in combination (Manda et al., 2015).

The definition of variables in the analysis are shown in Table 3-2.

Age of the head of the household measured in years, was expected to affect positively or
negatively the possibility of using CSA-practises. This implies that as a household head become
aged there is a possibility of becoming more risk averse regarding using CSA-practises (Kaliba
et al., 2000). The gender of the head of the household (dummy variable) was expected to
influence farming households to use different combinations of CSA-practices. A study by Doss

and Morris (2001) found that the households headed by female are less likely to use agricultural
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practises because of poor access to productive assets such as land acquisition. It is, therefore,
hypothesised that male headed households are expected use of CSA-practises either in

combination or in isolation compare to the household headed by female.

Household size measured in number was considered as a proxy for available household labour.
Large households are expected to use CSA-practises than smaller households. This is due to the
fact that the usage of CSA practises requires additional labour. Farming household’ decision to
use a CSA-practise will be dependent on the labour force available. Plot characteristics like plot
size, land ownership, soil fertility, and distance from home to the farm can influence the usage

of CSA-practises either in isolation or in combination (Beyene et al., 2017).

Access to extension services, farmer organization memberships and access to demonstration
plots were included in the model as institutional characteristics. The extension service was
measured as a dummy variable and was considered as an imperative source of information to
farmers (Manda et al., 2015). It is, therefore, hypothesised that extension services will increase
usage of CSA-practises either in isolation or in combination. Agricultural extension services

typically play a critical role in improving usage and innovation (Chowdhury et al., 2014).

Table 3. 2: Definition of variables in the analysis

Type of
Variable variable Description of the variables
. Household members living together under the
Household size . .
Discrete same roof and eating from the same pot

Education of the head of the household Discrete Years Spent in Schoohng
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Gender of the household head Dummy 1 if the head is male, 0 otherwise
Age of the household head Continuous Age of household head (in years)
Marital status of the household head Dummy 1 if the head is male, 0 otherwise
Farming experience of the household head Continuous Household head’s farm experience in years
Livestock ownership (TLU) Continuous Livestock holding in Tropical Livestock Units
Mobile phone ownership Dummy 1 if the head is male, 0 otherwise
Radio ownership Dummy 1 if the head is male, 0 otherwise
Television ownership Dummy 1 if the head is male, 0 otherwise
Ownership of productive assets Discrete Productive assets owned
Income diversification Continuous Number of different income sources
Land ownership Dummy 1 if the head is male, 0 otherwise
Access to demonstration plots Dummy 1 if the head is male, 0 otherwise
Extension services Dummy 1 if the head is male, 0 otherwise
. . . Distance from from home to the extension

Distance to the extension office . ..

Continuous office in minute

Distance from home to the tarmac road in

Access to tarmac road . .

Continuous minute

. . . 1 if the head is a member of more than one

Membership of multiple organizations o .

Dummy organization male, O otherwise
Access to loan Dummy 1 if the household head is male, 0 otherwise
Average plot distance Continuous Distance from home to the plot in minute
Plots cultivated Discrete Number of plots cultivated
Soil fertility Dummy 1 if the land is fertile, 0 otherwise
Soil erosion Dummy 1 if the land is eroded, 0 otherwise
Production Diversity Discrete Number of crops cultivated in acre
Total Plot Size Discrete Total plot size owne in Acre
Mbozi District Dummy 1 if the district is Mbozi, 0 otherwise
Momba District Dummy 1 if the district is Momba, 0 otherwise
Mbarali District Dummy 1 if the district is Mbarali, 0 otherwise

Farmer organization membership measured by dummy variable (membership in more than one
farmer organization =1 or otherwise) may increase access to information on CSA- practises
hence increase the probability of using CSA-practices (Mathenge et al., 2012). Access to
agricultural demonstration plots measured by dummy variable increased knowledge about the
CSA-practises. Farming households with knowledge about the CSA-practises are more likely to

have higher usage than those which do not know about the practises (Chowdhury et al., 2014).
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According Kassie et al. (2013) plot size measured in acre can influence the usage of agricultural
practises. For example, farming households with larger plots can decide to allocate more land to
practices such as the combined CSA-practises. This means that farming households with larger
farm would be more inclined to the usage CSA-practises compared with those with less land.
However, farming households with larger plots might use less intensive methods than those with
small plots (Kassie et al., 2013). Therefore, this study hypothesises that farming households
with larger plots will be more likely to use the CSA-practises either in isolation or in

combination compared to farming households with smaller plots.

3.4.3 Multinomial logit regression model

The Multinomial logit model was employed to determine the factors that influence farming
households to choose a combination/package of CSA-practises in the study area. Different tests
which are essential for running the multinomial logit model were taken. The first test was
Hausman test which test the validity of the independence of the irrelevant alternatives (IIA)
assumptions. It is suggested that the multinomial logit model is an appropriate to model the
usage of CSA-practise as the Hausman test failed to reject the null hypothesis of the
independence of the usage of CSA-practises. Other important tests before running the mode
were the test for heteroskedasticity and multicollinearity.

A white test was used to detect for the problem of heteroskedasticity for the hypothesised
independent variables. The white test was preferred over the Breusch-Pagan test because of its
capacity to incorporate the magnitude and the direction of the change for non-linear forms of

heteroskedasticity (Wooldridge, 2010). The results showed that the chi’ of 118 was insignificant
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which implies the absence of the heteroskedasticity problem. Thus, the application of the MNL
model was found to be appropriate and the model has been used by other researchers like
Deressa et al. (2008) to estimate the decision for the usage of climate change adaptation

technologies by farmers in Ethiopia.

3.5 Results

3.5.1 Preliminary diagnostics of the variables to be used in the econometric analysis

Tests for statistical problems like multicollinearity and heteroskedasticity were conducted for all
variable used in the model. According to Wooldridge, (2010) define multicollinearity as the
existence of two or more predictor variables in the regression model which are correlated. The
Variance Inflation Factor (VIF) was applied in this study to test for the multicollinearity
problem. The VIF results found that there was no linear relationship among the explanatory
continuous variables as VIF values were less than 10. Same results for the categorical variables
used in the model were found no serious linear relationship because contingent coefficients were
less than 0.75 in all cases. Therefore, the study confirmed that, there was no strong association
among all hypothesized explanatory variables. Therefore, all of the proposed potential

explanatory variables were used in regression analysis.

3.5.2 Determinants of using combination of CSA-practises

The study applied a multinomial logit (MNL) regression model to identify drivers for farmers'
usage of multiple combinations of CSA-practises. In this study, an unordered multinomial logit
model is useful because it can take care of categorical dependent variables (such as nominal

categories of dependent variables having multiple choices). The model estimates the effect of
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the individual variables on the probability of choosing a type of multiple combination CSA-
practises.

The principle component analysis (PCA) was applied to identify the most common CSA-
practises used in the study area. The PCA was used to group these practises whereby related
practises were grouped into the cluster (components) based on use. The PCA is btter than the
conventional grouping method which make it difficult to conclude about a group in cases where
few practises could represent the entire group. The components were rotated using the varimax
method in such a way that a smaller number of highly correlated CSA-practises would be put
under each component for easy interpretation and generalization about a group (Chatterjee et
al., 2015). These practises comprised of the decision categories for the multinomial logit model

having combinations as shown in Table 3-3.

The explanatory variables were entered into Multinomial logit model (MNL) to examine the
effect using CSA-practises either in isolation or in a combination. The MNL results show the
probability of chi-square where likelihood ratio statistics are highly significant at p < 0.0000,

indicating that the model has a strong explanatory power.
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Table 3. 3: Marginal effects from the multinomial logit for the choice of CSA-practises

Variables CiRoI, CoRuly CoRol; CiRul, CiRoI; CoRily C:RiL4
dy/dx dy/dx dy/dx dy/dx dy/dx dy/dx dy/dx
Household Characteristics

Household size -0.0003 -0.00683 0.0034 0.0003 0.0034 0.0006 -0.0030
0.803 0.0210%* 0.1310 0.8910 0.1030 0.8980 0.6040
Education of the household head 0.0004 -0.00006 -0.0019 -0.0048 -0.0002 0.0016 0.0088
0.554 0.9750 0.3210 0.0380** 0.9140 0.6650 0.0650*
Gender of the household head 0.0041 -0.00938 -0.0545 0.0073 -0.0372 -0.0035 0.1297
0.69 0.7210 0.0040%** 0.7980 0.0580* 0.9360 0.0360%**
Age of the household head 0.0001 -0.00014 -0.0008 0.0003 -0.0007 0.0003 0.0000
0.651 0.7890 0.0770* 0.4880 0.1130 0.7930 0.9890
Marital status of the household head -0.0128 0.01386 0.0152 0.0049 0.0345 0.0141 -0.0923
0.133 0.5830 0.3090 0.8250 0.0690* 0.7190 0.1030
Farming experience of the household head -0.0002 -0.00011 0.0002 -0.0010 0.0006 0.0027 -0.0009
0.19 0.8330 0.5580 0.0610* 0.1700 0.0050%*** 0.4800

Households resource endowment
Livestock ownership (TLU) 0.0005 -0.00071 -0.0057 -0.0002 0.0012 0.0002 0.0041
0.337 0.7190 0.0960* 0.9070 0.2910 0.9430 0.3860
Mobile phone ownership 0.0018 -0.00648 -0.0137 0.0324 -0.0051 -0.0067 -0.0194
0.752 0.6480 0.2910 0.1220 0.7140 0.8180 0.6320
Radio ownership 0.0081 -0.00270 -0.0004 0.0030 0.0068 0.0094 -0.0140
0.155 0.8110 0.9650 0.7970 0.5350 0.6410 0.5940
Television ownership -0.0120 -0.00009 -0.0184 0.0042 -0.0009 0.0119 -0.0237
0.16 0.9960 0.1950 0.7630 0.9390 0.6680 0.4980
Ownership of productive assets -0.0004 -0.00042 0.0067 -0.0046 -0.0080 0.0050 0.0127
0.895 0.9450 0.2090 0.4260 0.1600 0.6230 0.3510
Income diversification -0.0078 -0.02949 -0.0302 -0.0112 -0.0100 -0.0218 0.1476
0.045** 0.0010%** 0.0000%** 0.1850 0.0990* 0.1810 0.0000%**
Land ownership 0.0036 0.00475 -0.0035 -0.0139 -0.0150 -0.0064 0.0281

0.456 0.7640 0.7270 0.3860 0.1420 0.8080 0.4030
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Continue....
. CiRoly CoRily CoRol; CiRul, CiR,l; CoRi14 C:Ri1,
Variables
dy/dx dy/dx dy/dx dy/dx dy/dx dy/dx dy/dx
Institutional services
Access to demonstration plots -0.0052 -0.0045 0.0075 -0.0062 -0.0169 -0.0206 0.0601
0.286 0.6970 0.4390 0.5500 0.0730%* 0.278 0.0150**
Access to extension services -0.0014 0.01345 0.0176 0.0154 0.0256 0.0344 -0.0546
0.865 0.2970 0.2300 0.1640 0.0300** 0.1710 0.1070
Distance to the extension office -0.0002 -0.00019 0.0000 0.0001 0.0002 -0.0007 0.0006
0.064* 0.4240 0.9450 0.4450 0.0860* 0.1060 0.1890
Access to tarmac road 0.0000 -0.00004 0.0000 0.0000 0.0001 -0.0001 -0.0002
0.09* 0.6290 0.9140 0.4550 0.0550* 0.7740 0.4460
Membership of multiple organizations -0.0007 -0.02651 -0.0413 -0.0131 -0.0065 -0.0622 0.1384
0.897 0.0710* 0.0190** 0.2790 0.5880 0.0080%*** 0.0000***
Access to loan 0.0061 -0.00504 -0.0088 -0.0007 -0.0089 -0.0033 0.0437
0.235 0.7520 0.4360 0.9580 0.4190 0.8940 0.1680
Plot Characteristics
Average plot distance 0.0002 -0.00006 -0.0001 0.0000 -0.0002 0.0007 -0.0009
0.039%** 0.8160 0.8060 0.9990 0.4720 0.1970 0.2040
Number of plots cultivated -0.0009 -0.00021 -0.0042 -0.0002 -0.0019 -0.0202 0.0516
0.638 0.9570 0.4790 0.9700 0.6870 0.0380** 0.0000%**
Soil fertility 0.0056 -0.00335 -0.0039 -0.0023 -0.0109 0.0148 -0.0219
0.169 0.7410 0.6830 0.8310 0.2530 0.4260 0.3620
Soil erosion 0.0105 -0.00975 -0.0033 0.0063 0.0311 0.0315 -0.0500
0.051* 0.4100 0.7770 0.5800 0.0010%*** 0.1010 0.0640%*
Production Diversity -0.0306 -0.02439 0.0226 0.0125 0.0313 0.0787 0.0018
0.26 0.3670 0.3500 0.6160 0.2320 0.0940%* 0.9770
Total Plot Size 0.0003 -0.00013 -0.0015 0.0010 0.0007 -0.0008 0.0003
0.182 0.8190 0.1860 0.0030** 0.4260 0.6200 0.8790
Geographical Location
Mbozi District -0.0875 0.02047 -0.0212 0.0391 -0.0424 0.0584 0.0809
0.001*** 0.1210 0.2000 0.0270%** 0.1700 0.0220** 0.0450**
Momba District -0.0806 0.00072 -0.0562 0.0695 0.0135 -0.1347 0.2496
0.001 0.9700 0.1040 0.0000%** 0.4820 0.0010%** 0.0000%**
Mbarali District 0.0145** -0.00653 0.0147 -0.0200 0.0638 -0.0262 -0.0790

**+* p<0.01, ** p<0.05, * p<0.1 significance level
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The parameters of the MNL model provide the direction of the effect of the independent
variables on the response variable but they do not present the magnitude of change.
Therefore, the marginal effects which is measured the expected change in probability of a
specific choice of CSA-practises with respect to a unit change in an independent variable,
are indicated and discussed. The marginal effect results in Table 3-3 were considered for

interpretation.

The size of the household size showed a significant and negative influence on the usage of
crop residue only (CoR:ly). This indicates that a marginal increase in household size would
lead to decrease in the probability of using crop residue as a CSA-practise by 0.683%.
This finding is contrary to Lugandu (2013) in Karatu and Kongwa districts of Tanzania
who found that the household size influenced usage of conservation agriculture with non-
user having relatively smaller household size indicating that the source of labour for the
smaller household is limited hence impacting on usage of conservation agriculture. This
different is caused by the fact that farming households in the study area who own livestock
are likely depend on their residues as fodder and are therefore less inclined to retain the

residues on the fields.

Gender of the head of the household was found to be significantly and negatively
connected with the likelihood of using intercropping (CoRol;) by 0.004 at 1% significant
level. The findings show that female headed households were 5.45% associated with the
usage of intercropping in isolation compare to male headed households. Result showed a
negative association of gender with the likelihood of using combination of crop rotation

and intercropping in combination (C;Rl;) at 0.0580 probability level.
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In addition, gender of the household head is significantly and negatively connected with
the likelihood of using combination of crop rotation, crop residue and intercropping
(CiR4ly) by 0.0360 at 5% level of significance. The findings show that female-headed
households were 12.97% associated with the usage of combination of crop rotation, crop
residue and intercropping as compared to male headed households. These findings concur
with the argument that female have more likelihood of using these practises than the male
because female are more engaged in agriculture activities than male, regardless they have

less control of production resources (Obayelu et al, 2014).

As expected, the level of education of the head of the household was significantly and
positively connected with the likelihood of using combination of crop rotation, crop
residue and intercropping (C;Rl;) by 0.0650 at 10% significant level. The findings show
that the education level of the household headwas 0.88% associated with the usage of
combination of crop rotation, crop residue and intercropping. Contrary to expectation, the
education level of of the head of the household decreases the probability of using a
combination of crop rotation and crop residue (CiRily) at 5% significant level (p <

0.0380).

This implied that a unit increase in the level of education would result in a 0.48% decrease
in the likelihood of using a combination of crop rotation and crop residue. It could be that
educated household did not use these combinations of practises because it does not offer
risk decrease measures which could protection their investment against risks of climate
change. These findings are in similar with the study of Aryal et al., (2018) which found
the education level to be significant and negatively correlated with the usage of mixed

farming at p < 0.001 significan level. Gido et al. (2015) argue that more education tends to
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build the innovativeness and capability to calculate risks by farming households for proper

farm adjustments.

The experienced farming household head in farming have an increased likelihood of using
a combination of crop residue and intercropping (CoR1l;) as CSA-practise. The study found
the farming experience of the head of the household to have a positive connection with the
usage of a combination of crop residue and intercropping (CoRil;) at 1% significant level

(p < 0.0050).

Farming households with high experience in farming have more skills in CSA-practises
and can spread climate change threat by using CSA-practises complementarities such as
practising combination crop residue and intercropping (CoR:l;). The findings of this study
disclose that as farming households advance in years of farming experience, it increases
the usage of combination of crop residual and intercropping by 0.27% as a CSA-practise.
Consistent with this study, Ngwira (2014) found that household with high experience in
faming activities used conservation agriculture practises than households with less

experience.

Crop diversification was found to have a positive and significantly influence on usage of
combination of crop residue and intercropping (CoRil;). This implies that farming
households with practised crop diversification in their farm are more likely to use a
combination of crop residue and intercropping. Therefore, they have to use different
combination of CSA-practises for the assurance of higher yield from each crop cultivated.
Access to tarmacked road measured by working distance to the tarmacked roads in minute
shown a positive influence on the chance of using a combination of crop rotation and

intercropping (CiRol:) at 1% significant level (p < 0.000) as CSA-practises. This indicates
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that a marginal increase in access to tarmacked roads would lead to increase in the
probability of using a combination of crop residue and intercropping by 0.01%. It is also
positively and significant for the farming households which use crop rotation in isolation
(CiRolp). The positive sign implies that farming households with access to tarmacked road
invest more on CSA-practises as they have assurance of the access to inputs and output

markets.

Extension services has shown a positive and significant association with the chance of
using a combination of crop rotation and intercropping (CiRoly) at 1% significant level.
This indicates that a one-unit increase in the extension contact is likely to increase the
likelihood of farming household using a combination of crop rotation and intercropping as
CSA-practises by 2.56%. This implies that farming households with access to extension

services are more likely to be informed on CSA-practises.

The finding is similar with a study by Mmbando and Baiyegunhi (2016) who found
positive relationship between extension services and usage of drought-tolerant maize seeds
in Hai district in Kilimanjaro Tanzania. In addition, the study found that farming
households which are away from the office of the extension officer are less likely to use
crop rotation in isolation. This is plausible because long distance to the extension office
for extension services increases transaction costs. The finding is similar with a study by
Aryal et al., (2018) who found that farmers who stay away from the office of the
agricultural extension office were less likely to use CSA-practises in the Indo-Gangetic

Plains of India.

Livestock ownership measured by Tropical Livestock Unit was found to be negative and

significant association with the probability of using intercropping in isolation (CoRol;) at
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10% significant level. This indicates that a one-unit increase in the tropical livestock unit
is likely to decrease the likelihood of farming household use of intercropping by 0.57%.
This implies that there is a decrease in the usage of intercropping as the livestock size
increases. This might be because as the livestock increases, farming households have no
time to engage on crop production compared to farming households with fewer livestock.
On contrary, Tesfaye (2008) reported that the number of livestock owned by the farming
household was found to be significant and positive influence on usage of fertilizer in

Ethiopia.

The study found that farming households with large plots are more likely to use crop
rotation and crop residue retention (C;Rily) in combination. This means that a one-unit
increase in the size of the farm is likely to increase the likelihood of using crop rotation
and crop residue in combination by 0.10%. Probably, this has been the situation because

farming households in the study area follow the legume-cereal cropping system.

3.6  Conclusions

Developing countries face challenges in agriculture development due to change in market
conditions, food demand and climate. In these countries climate change causes challenges
to agricultural production and food insecurity and climate-smart agriculture is crucial
approoach in addressing the potential impacts. CSA-practises can increase crop
productivity; income mitigate the greenhouse gases hence improve food security.
Whereas, the majority of the previous studies concentrated on the usage of single CSA-
practises. However, the usage of combinations of different CSA-practises is currently
received attention due to the impact of climate change even though empirical evidence on

the usage of these combinations is still scant.
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The multinomial logit model results show that usage of CSA-practises either in isolation
or in combination is influenced by household, plot and institutional characteristics.
Nonetheless, there is need of promoting greater complementarities among CSA-practises.
The study found that the major determinants of farming households’ decisions to use
combination of CSA-practises are the household size, production diversity, farm size,
extension services, livestock ownership and occupation. Analysis of determinants of usage
revealed that crop diversification, gender and livestock ownership had a positive and
significant influence on the usage of combination of crop residue and intercropping
(CoRily). In addition, education level and gender of the household head positively and
significantly influenced the usage of combination of crop rotation, crop residue and

intercropping (CiRily).

Based on the above results, it is important to focus on policies and plans that promote each
CSA-practise as a combination including other inter-related practises could contribute to
upscale CSA-practises usage while harnessing the synergies between them. Dissemination
of CSA-practises knowledge and its role in climate risk mitigation is critical to promote it.
More CSA training for farmers, government extension staff working at the local level, and
use of communication tools to share and promote knowledge on CSA-practises use to

combat the global challenge of climate change are essential.

Understanding barriers and enabling conditions to CSA-practises usage helps in designing
and formulating extension messages and agricultural policies that can accelerate CSA-
practises dissemination and help safeguard agricultural production and food security in
Tanzania. In addition, agricultural policy makers should focus at enhancing smallholder
farmers’ household characteristics by reviewing farmer extension so as to come up with a

package that is tailored to the perceived actual needs of farming households and designing
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farm management usage programmes based on the farmer’s household characteristics,

such as education, gender, livestock ownership and membership to social groups.

However, it is important to notice that even though the study estimated the determinant of
multiple combination of CSA-practise but the study did not consider the implication for
the usage to household welfare. Therefore, other research should go further to investigate
whether the usage of combination of CSA-practises has higher and positive welfare and

productivity effects in the face of climate change.
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Abstract

Climate change is a growing challenge to food security especial for the developing
countries which depend agriculture production for their livelihood. Various agricultural
approaches have been introduced to boost agricultural productivity and food security
under the climate change era. One of be approach is the climate-smart agriculture (CSA)
which proposed by Food and Agriculture Organization (FAQO) as an appropriate approach
to boost adaptive capacity, climate change mitigation and improve food security. Although
the government and other stakeholders have promoted a number of CSA-practises,
farming households have used them in their farms voluntarily and food insecurity is still a
problem. The study used a multinomial endogenous switching regression model (MESR)

to evaluate the impact of CSA-practises on household food security among farming
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households in Mbeya and Songwe regions in Tanzania. Primary data were collected from
1443 farming household in Mbarali, Mbeya, Momba and Mbozi districts. Three primary
results were found. First, CSA-practises significantly increase food variety score per adult
equivalent unit when used either singly or jointly. Second, the use of intercropping in
isolation show the highest food variety score per adult equivalent unit among all the

possible combinations of CSA-practises.

Third, the use of crop rotation in isolation also showed a high pay off after intercropping
followed by a joint combination of crop rotation and residue retention. Therefore, a more
comprehensive approach that focuses on joint usage of a combination of crop rotation,
intercropping and residue retention was found to be the best food security portfolio.
Consequently, the findings recommended that there is a need of promoting the usage of
CSA-practises both in isolation and in combination of their positive impact on on food
variety per adult equivalent unit as an indicator of food security.

Keywords: Usage, CSA- practises, Food, Security, Counterfactual, Analysis

4.1  Background Information

Climate change is a growing challenge to food security especial for the developing
countries which depend agriculture production for their livelihood (FAO, 2019; FAO,
2017). To meet the global food human needs by 2050, the world’s agricultural system
must produce more food for a growing population, provide economic opportunities for the
rural poor who depend on agriculture for their livelihoods and reduce the impact of
climate change (Harvey et al., 2018). Despite a reasonable food crop production
worldwide, in 2018 still, 821 million people in the world were estimated to be food
insecure, an increase up from 815 million in 2017 (FAO, 2019). Although, still a reduction

from about 900 million in 2000 (FAO, 2015).
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In African countries, a high proportion of the food insecure are smallholder farmers, who
are simultaneously struggling to eradicate hunger and address many challenges impeding
both supply and demand for food (Ochieng, 2018). Undernourished people in sub-Saharan
Africa increase from 181 million in 2010 to 236 million in 2017 (FAO, 2018). This
reflects that this region is highly affected malnutrition in the world and the problem of
food insecurity is not declining (FAO, 2018). Studies show that 95 % of food production
in this region depend on rainfall, low soil fertility and affected by climate change, hence

affect agricultural productivity and food security (McGuire, 2015).

Tanzania, in particular, has been facing food insecurity problem because of climate
change, environmental degradation, gender inequality, poverty and diseases (Maliondo et
al., 2012). The country is not drought-prone, but naturally the problem of food insecurity
is both transitory and chronic. Similarly, malnutrition from food shortage, which is already
seen as a direct consequence of climate change in the country decreases immunity and
exposes the affected population to opportunistic diseases that would otherwise be resisted

(Mwongera et al., 2017).

The Food and Agriculture Organization (FAO) defines food security as a ‘‘situation that
exists when all people, at all times, have physical, social, and economic access to
sufficient, safe, and nutritious food that meets their dietary needs and food preferences for

an active and healthy life’” (FAO, 2010).

Therefore, African agriculture needs to transform itself to improve the food security of the
growing population and to provide a basis for economic growth and poverty reduction
(Mwongera et al., 2017). However, gradual climate change can threaten this

transformation as it is predicted that climate change will potentially affect all aspects of
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food security, including food production, food accessibility, food utilization and price

stability if local temperature increases by 2°C or above (IPCC, 2014).

These changes in temperature and other extreme weather events are expected to increase
crop failures, pest and disease outbreaks, degradation of land and water resources
(Nyasimi et al., 2017). These lead to declining and uneven yield trends with significant

effects on household food security (Maliondo et al., 2012)

Tanzania’s agriculture sector contributes nearly one-third of the country’s GDP and
employs 66.9 % of the population. Therefore, agriculture has the potential to increase
incomes and improve livelihoods (URT, 2017). However, the country is among the
thirteen countries in the world, which are mostly affected by the impacts of climate change

and it is vulnerable to further climate variability (IPCC, 2014).

Average annual temperature in the country has increased by 1.0°C while the annual
rainfall has decreased by 2.8 mm per month per decade since the early 1960s. In addition,
the climate change predictions indicate the mean daily temperatures will increase 3 to 5°C
while the annual mean temperature is predicted to rise by 2 to 4°C by 2050 (Chambura

and Macgregor, 2009).

Climate change in Mbeya and Songwe regions is quite evident with an increase of annual
mean temperature by 0.27°C/decade since the 1960s (Craparo et al., 2015). Literature
shows that the Mbeya and Songwe regions will be affected by declining rainfall, frequent
droughts and increase in variability of rainfall (Craparo et al., 2015). These and other

climate change impacts add a critical dimension to Tanzania and therefore climate change
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mitigation and adaptation strategies are needed to boost agricultural production and

household food security (Zeleke and Aberra, 2014).

According to FAO (2010), climate-smart agriculture (CSA) is seen as the means to boost
adaptive capacity, climate change mitigation and improve food security to poor farm
households. FAO defines climate smart agriculture as agriculture that sustainably
increases productivity, resilience (adaptation), reduces/removes GHGs (mitigation), and

enhances achievement of national food security and development goal (FAO, 2010).

Climate smart agriculture is one of the approaches to transform agricultural systems so as
to improve household food security, particularly in developing country Tanzania inclusive
(Wekesa et al., 2018). Food security in an era of climate change may be possible if
farmers transform agricultural systems by use of means such as crop rotation,

intercropping, residue retention, and fertilizer (Bryan et al. 2011).

Furthermore, various CSA-practises have been used by farming households to cope with
impacts of climate change and improve food security. These includes the use of crop-
rotation which increases the adaptation capacity of agricultural systems to climate change
by improving soil fertility and structure, soil water holding capacity and water and
nutrients distribution through the soil profile, helping to prevent pests and diseases, and

increasing yield stability (Kuntashula et al., 2014).

Residue retention is another CSA-practise used in Tanzania which enables climate change
adaptation by managing soil erosion, preserve soil moisture, avoid compaction of the soil,
contain pest and diseases, reduce CO, emission and increase biodiversity in the agro-

ecosystem (Chen et al., 2019). Intercropping and other practises that promote ecosystem
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management and biodiversity such as zero tillage and pest control, the use of organic
manure as well as the cultivation of legumes are equally fundamental in strengthening the
resilience of farming household (Thornton and Lipper, 2013). In general, these CSA-
practises have an effect on food security and assist farming households to increase food
crop productivity and protect them to decrease the rate of climate change (Lipper and

Zilberman, 2018).

In Tanzania, CSA-practises the government is working hard to addressing the impact of
climate change, as well as improving economic growth and agricultural development
(Mkonda and He, 2017). The government of Tanzania in collaboration with other local
and international organisations, like African Green Revolution Alliances (AGRA), SNV-
Tanzania, Technoserve Tanzania, Tanzania Agriculture Research Institutes (TARI) and
ADP Mbozi are promoting the implemention of CSA-practises to cope with climate
change (URT, 2017). In addition, Tanzania Climate-Smart Agriculture Alliance (TCSAA)
was established to coordinate CSA initiatives within the framework of the National CSA
Programme (URT, 2017). This study aimed to investigate the impact of CSA-practises on

household food security in Mbeya and Songwe regions in Tanzania.

Despite the work done by the Tanzanian government and non-governmental organisations,
the impacts of climate change still causes challenges to food production and farming
household wellbeing resulting in malnutrition, hunger, and persistent poverty in Mbeya
and Songwe regions in Tanzania (TFNC, 2014). However, CSA have been considered as
an appropriate approach to ensure food security in the face of climate change (FAO,
2010). The approach is imperative as it has triple benefits of improved productivity and
high income, improve adaptation to climate change and reduction or removal of

greenhouse gases (FAO, 2010).
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Although the government of Tanzania and other agricultural practitioners have been
working hard to promote CSA-practises, some farm households have used these practises
on their farms voluntarily (Tenge et al., 2004). This is true for Mbeya and Songwe
Regions in Tanzania, where there are considerable efforts to promote various CSA-
practises but the usage is minimal and climate change impacts remains a major challenge
for agricultural production (Maliondo et al 2002). As a result, food security prevalence in
Mbeya and Songwe Regions is still high with statistics showing, 37.7 % of children below
5 years are stunted compare to the national level which is 34 % (TFNC, 2014).
Surprisingly, the dietary diversity for children aged 6 — 23 months is documented to be an

average of 2.1 in Mbeya and Songwe Regions.

Therefore, there is a dearth of knowledge on the constraints that condition farming
households’ usage behaviour for CSA-practises as it is necessary in designing pro-poor
policies that could encourage their use and boost agricultural productivity and food
security. Additionally, past research on the usage and the impact of farm household
welfare (i.e. Pantaleo and Chagama, 2016; Nkhoma et al., 2017; Dhraief et al., 2018)
concentrated on the usage of different practises individually, but in reality farming
households use more than one practises as complements or substitutes that deal with their

production constraints such as challenges of climate change (Teklewold et al., 2013).

For example, Wu and Babcock (1998) argued the analysis of usage and effect of the
practises or technologies on welfare without controlling for interdependence and
simultaneous between them, there is a possibility of overestimate or underestimate the

effect of several factors on the practises or technologies used.
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Furthermore, farming households may decide to use multiple combinations of CSA-
practises but it is not known which combinations result into highest payoffs in terms of
household food security. There are various researches that examined the determinants and
the effect of using multiple combinations of agriculture practises on household welfare
have used a multiple setting framework elsewhere such a Teklewold et al., 2020; Wekesa
et al., 2018; Khonje et al., 2018; Ng’ombe et al., 2017; Manda et al., 2015; Teklewold et

al., 2013).

However, despite the potential of these studies, there are few studies in Tanzania,
particularly in Mbeya and Songwe regions which analysed the simultaneous usage and
impacts of CSA-practises on household food security (Teklewold et al., 2020; Mwungu, et
al., 2019 and Kim et al., 2019). Nevertheless, in the Southern Highlands of Mbeya and
Songwe might have different ecological set up; hence, the usage and impacts of CSA-

practises could be different.

Additionally, in this study, the crop rotation, intercropping and residue retention were used
as CSA-practises mostly practised in the study area and little is known on the impact of
these practises (especially when used in combination) on household food security.
Therefore, this study aimed to fill these knowledge gaps by evaluating the impact of
combination of CSA- practises on household food security in Mbeya and Songwe regions

using multinomial endogenous switching regression framework.

The main contribution of this study to the body of knowledge is as follows. First, it
articulates the importance of synergetic effects arising from the combination of CSA-
practises in helping to achieve household food security in Tanzania. Second, the study

investigated whether usage of CSA-practises in combination would improve food security
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than using them in isolation. This knowledge is appropriate to the on-going discussions on
whether farming households in Tanzania and elsewhere should use CSA-practises in
piecemeal or in the package so as to improve household food security. The third is that,
the study extends the empirical and methodological approach in the literature through
evaluating the impact of CSA-practises on food security while controlling for the selection
bias, particularly in the Tanzanian context. Finally, the study is relevant for designing
effective extension policy by identifying the combination of CSA-practises that deliver the

highest payoff specifically on food security.

The rest of the study is structured as follows: Section 4.3 of this study give a brief
literature review while section 4.4 presents the conceptual, econometric framework, and
definition of variables, section 4.5 presents the study areas, sampling and data. Section 4.6
presents the results and discussions. The last section summarizes and concludes,

highlighting key findings and policy implications.

4.2  Literature Review

Pantaleo and Chagama (2016) used an evaluation method called propensity score
matching method (PSM) to evaluate the impact of microfinance on household welfare
between borrowers and non-borrowers’ households in Tanzania. The results revealed that
borrowing from the microfinance institution has an impact (positive) on household income
compared to non-borrowers. A study by Amare et al. (2012) evaluated the effect of
maize-pigeon intensification on household income using propensity score matching and

endogenous switching regression and found a positive impact.

The generalized propensity score matching method was employed by Kassie et al. (2014)

to estimate the effect of drought tolerant maize seed on household food security in the
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rural households of Tanzania and found a positive impact on household food security.
Asfaw et al. (2010) examined the impact of using improved chickpea technologies on
market integration in Ethiopia using the augmented double hurdle model. The study found
a positive impact of using the improved chickpea technologies on marketed surplus.

Dhraief et al. (2018) investigated the determinants of using innovative technologies for
livestock keepers in Tunisia. The study found that education level of the head of
household, number of livestock owned, and number of occupation influenced the usage of
innovative technologies. Additionally, age of the head of the household and the experience
of the head of the household head in farming activities influenced the usage of innovative

technologies negatively.

Nkhoma et al. (2017) used a propensity score matching method to evaluate the impact of
conservation agriculture (CA) practises (i.e. crop rotation, residue retention and reduced
tillage). The study found that agricultural extension services (advisory) and wetlands had a

positive but insignificantly impact on crop productivity and income.

Manda et al. (2015) estimated the usage and the effect of sustainable agricultural practises
(SAPs) on household income and maize yield in the rural farming households in Zambia.
The study found that the usage of a combination of SAPs have a positive effect on maize
yields and incomes of farming households. The study by Ng’ombe et al. (2017) examined
the determinants of using conservation farming (CF) and its impact on crop revenue. The
study found that factors influencing the usage of CF practises depend on the combinations
used by farming households. The study found that the usage of CF has a significant

positive impact on crop revenue per acre when used individually or in combination.
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Wekesa et al. (2018) estimated the effect of CSA-practises on household food security in
Kenya. The study revealed that the combination of CSA-practises such as field
management, risk reduction practises and specific soil management practises showed the
highest payoff in terms of food security compared to the CSA-practises used individually.
Another study examined the impact of combinations of CSA-practises on risk on risk
exposure and cost of risk in Ethiopia. The study found that usage of combinations of
practises is widely viewed as a risk-reducing insurance strategy that can increase farmers’

resilience to production risk.

Majority of these studies concentrated on the analysis of single practises or technologies
while farming households are using CSA-practises which are used jointly as complements,
substitutes or supplements to deal with the production constraints such as pest and
diseases, drought, soil erosion and soil fertility (Teklewold et al., 2013). This study
employed a multinomial endogenous switching regression framework to estimate the
determinants of using CSA-agriculture technologies in isolation or in combinations and
evaluate its effect on household food security in Mbeya and Songwe region in the

Southern Highlands of Tanzania.

4.2.1 Conceptual and econometric framework

According to Feder et al. (1985), agricultural practises can be introduced to farm
households in packages and can be used either in combination or in isolation. This study
examined whether the use of CSA-practises (crop rotation, intercropping and residue
retention) either in isolation or in combination can improve household food security. In
practise, farming households usually use a combination of CSA-practises to tackle
production constraints like low yields, droughts, weeds, pests and diseases resulted from

climate change. The usage of CSA-practises either individual or in combination can be



119

influenced by several factors such as household characteristics, resource constraints, plot
characteristics, institution characteristics and geographical location as illustrated in Figure
4.1. The decision to use CSA-practises either in isolation or in combination can improve
agricultural productivity; hence increase the availability of food. This can affect food
prices in the local markets then affect household’s food expenditure. Because of increased
production and/or productivity, household can sell the surplus crop, which will lead in
increased household income. Increased income in turn could raise expenditures on
different variety of food, which are not produced by the household. This could improve

the consumption of variety of food needed by the body.
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However, decision to use CSA-practises-lead to-eight pessible-combinations—of -CSA-
practises. The use of these combinations by farming households may not be random as a
result they might endogenously self-select either using or not using the decisions. This
implies that farming households which decide to use a specific CSA-practise can have
different characteristics compare to the households that did not use. This is because those
households which use a specific CSA-practise are not a random sample of the population,

as our study is not based on a controlled experiment but an observational study.

Therefore, unobservable characteristics such as motivation, managerial skills or expected
food security improvement can influence the decisions. There is a possibility of
characteristics which are unobservable to correlate with the outcomes variable of interest,
i.e., CSA-practises used (either in isolation or in combination) and household food

security can be correlated hence endogenous problem.

To eliminate with this problem a model which deals with the interaction in the usage of
multiple agricultural practises was developed by Feder (1982). In the current years,
various studies have examined the joint estimation of multiple combinations of
agricultural practises (e.g., Teklewold et al., 2020; Wekesa et al., 2018; Khonje et al.,
2018; Ng’ombe et al., 2017; Manda et al., 2015; Teklewold et al., 2013). In this study, a
randomized utility framework was used to model the usage of CSA-practises by focusing
on the usage of these practises where eight alternatives which involve three CSA-practises

(crop rotation, intercropping and residue retention) as shown in Table 4-1.
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Therefore, unobservable characteristics such as motivation, managerial skills or expected
food security improvement can influence the decisions. There is a possibility of
characteristics which are unobservable to correlate with the outcomes variable of interest,
i.e., CSA-practises used (either in isolation or in combination) and household food

security can be correlated hence endogenous problem.

To eliminate with this problem a model which deals with the interaction in the usage of
multiple agricultural practises was developed by Feder (1982). In the current years,
various studies have examined the joint estimation of multiple combinations of
agricultural practises (e.g., Teklewold et al., 2020; Wekesa et al., 2018; Khonje et al.,
2018; Ng’ombe et al., 2017; Manda et al., 2015; Teklewold et al., 2013). In this study, a
randomized utility framework was used to model the usage of CSA-practises by focusing
on the usage of these practises where eight alternatives which involve three CSA-practises

(crop rotation, intercropping and residue retention) as shown in Table 4-1.

Table 4. 1: Combination of usage of crop residue retention, residue retention and

intercropping
S
CSA  Description
1 GCoRoly CoRlp =1 if a farmer is a non-user
2 CiRely CiRolp =1 if a farmer only uses crop rotation; 0 otherwise
3 GCoRily CoRilp =1 If a farmer uses residue retention; 0 otherwise
4 GCoRol; CoRol; = 1 If a farmer uses intercropping; 0 otherwise
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CiRily  CiRilo = 1 If a farmer uses crop rotation and residue retention; 0 otherwise
CiRoli  CiRol;= 1 If a farmer uses crop rotation and intercropping; 0 otherwise

CoRiI;  CoRil;= 1 If a farmer uses residue retention and intercropping; 0 otherwise

o N o Ul

C:Ril; F,P;I;= 1 If a farmer uses crop rotation, residue retention and intercropping; 0 otherwise

The assumption is that farming households use CSA-practises (either in isolation or in

combination) that maximize utility subject to production constraints such as climate
change impacts and variability. The aim of the farm households is to maximize utility V;
by comparing the utility provided by alternative CSA-practises. A farm household i can

use CSA-practise j over any alternative CSA-practisem, if V;>V,,k#j.

However, farming households always self-select into the user or non-user categories and
endogeneity problems may arise because unobservable characteristics may be correlated
with the outcome variables (food security). For instance, farm household can decide to use
a CSA-practise based on unobservable characteristics such as their innate managerial,
influences of policymakers and technical abilities in understanding and using the practise
(Abdulai and Huffman, 2014). Therefore, failure to account for unobservable
characteristics may overstate or understate the true impact of the CSA-practises (Kim et

al., 2019).

The study applied multinomial endogenous switching regression model developed by
Bourguignon et al. (2007) to account for interactions between uses of alternative CSA-
practises and self-selection bias. The model is an appropriate technique compared to other
evaluation techniques like propensity score mating because it enables the construction of a
counterfactual based on returns to characteristics of user and non-user of CSA-practises

(Kim et al., 2019; Mansur et al., 2008).
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Additionally, the model allows the set of treatment variables to intermingle with
observable variables and unobserved characteristics. This indicates that the effect of CSA-
practise used is not limited to the intercept of the outcome equations, but can also have a
slope effect (Zeng et al., 2015). The model permits the interaction by estimating separate
regressions for users and non-users. The study used the multinomial logit selection model
to model the decisions to use CSA-practises and recognizing the inter-relationships among
the choices of CSA-practises. The impact of CSA practises on household food was
estimated in the second stage where the ordinary least square was applied with selectivity

correction.

4.3 Methodology

4.3.1 A Multinomial logit selection model

To examine the factors motivating farming households to use specific CSA-practises in
isolation or in combination(s) (crop rotation, residue retention and intercropping) a
multinomial logit selection model was employed. Assume that a latent variable A° capture
the expected food security (Food Variety Score per adult equivalent unit) from using
combination j (j=1...m¢ with respect to the usage of any other combinationk. Therefore,
the latent variable can be specified as follows:

A SV A= Z0H ] oo (1)

This is to say, farm household i can choose a combination j if combination j provides

expected food variety score per adult equivalent unit (FVS/AEU) as an outcome which is

greater than any other combination (i~ ”:g]?‘(AC“k'_Ai}kO‘J. A deterministic
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component (Viiij=Z;a j)é and the idiosyncratic unobservable stochastic component(r[,j)

are shown in equation 1.

The later captures variables which are essential to farm household decision maker but are
not known to the researcher such as skills or motivation. The deterministic component
(Vi4ij) i is the function of the factors(,) that affect the likelihood of using a combination j.
The() variables includes farm characteristics household (household size, education of the
household head, gender of the of the household, age of the household head, marital status
of the household head and farming experience of the household head); households
resource endowment (livestock ownership, mobile phone ownership, radio ownership,
television ownership, income diversification, access to loan); plot characteristics (average
plot distance, number of plots cultivated, soil erosion, production diversity and total plot
size); institutional factors (access to demonstration plots, extension services, distance from
home to the extension office, availability of tarmac road, membership in the multiple

organizations); and geographical location (Mbozi, Momba and Mbarali districts).

It is assumed that covariate vector Z; is uncorrelated with the idiosyncratic unobservable

stochastic component 7;. For example, E(r]ij|Zi)=0 is under the assumption that 7;are
Independent and Identically Gumble distributed, that is under the Independence of
Irrelevant Alternative (IIA ¢hypothesis. Selection model (1) leads to a multinomial logit
model (McFadden, 1974) where the probability of choosing a combination j (P,j) is given

das:

Pi=Pri i (3)
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The second stage the study used the MESR to estimate the relationship between the
outcome variables and a set of exogenous variables for used combinations. Based on the
CSA-practises specification, the base category was the non-user of CSA-practises (i.e.,
CoRolp), is denoted as j=1. In the remaining packages (j=2,...,8), at least one CSA-

practise is used. The outcome equation for each possible regimej is given as:

Regime1:Y, =X, B,+p,,if A=1

RegimeM :Y =X, B ;+p;if A=j

X;set of exogenous variables (household characteristics, households resource endowment,

plot, household, institution factors and geographical location) for the chosen combination

and p; is unobserved stochastic component which verifies E|p;|X;,Z,/=0 and

var(uij‘xij, z)zai. Note that, the outcome equations were estimated separately when
estimating OLS models. If the error term of the selection model (2) 17; are correlated with

the error term of the outcome equation H; conditionally on the sample selection are non-
zero and the OLS estimates are inconsistent. To correct for the potential inconsistent, the
study employed the model by Bourguignon et al, (2007), which takes into account the
correlation between error terms from each outcome equationp;. This is a Multinomial
endogenous switching regression model. According to Bourguignon et al. (2007), the
following selection bias corrected outcome equation was used to get consistent estimation

of B; in the outcome equation.
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[ Y. =X b, +
Regime1:Y; =X, pB,+0, P,—1

P.
le(Pn)+z ij(Pij)—U +V,,ifA=15a
J

RegimeM :Y =X ,,+0; P +V,if A=j5b

U]

1

P.
plm(P3)+Z ij(Pij) _]
j

4.3.2 Estimation of average treatment effects

Based on Bourguignon et al. (2007) the expected FVS/AEU of the farming household that

used a combination of CSA practise; can be derived as follows:

P.
E(Yiz AiZZ)ZXiB2+G2 sz(Piz)"'Z Pikm(Pik)—lk (60)
. k#2 Py—1
E(Ys Ai:M):XiBM+OM PMm(PS)"'Z Pikm(Pik) Ppikl (6b)
k#2 ik

Then the FVS/AEU of farming household that use combination ; was derived in the

hypothetical counterfactual case that did not use ( j=1) as follows:

P, P,
E(Yi1|Ai=2):XiB1+Gl P1m(Pi2)+sz(Pi1)P 11'" Z P (sz> P _kl (70)
i k=3—M i
, » P
E(Yil|Ai:M):XiB1+Gl le(Pim)"' Z .ka(Pik—1)P lk_ll (7b)
k=2...M ik—1

Therefore, the difference between equations (6a) and (7 a) or Egs. (6b) and (7b) give the

average treatment effect (ATT).

4.3.3 Construction of food variety score per adult equivalent unit (FVS/AEU)
The households indicated whether they consumed one of the food items within a particular
food group in the previous seven days. If the household indicated YES, the household

received a value of one score and zero for NO response. The list based on the 12 food
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groups, namely vegetables, fruits, meat, eggs, cereals, white tubers and roots, fish and
other seafood, legumes and nuts, milk and milk products, oil and fats, sweets, and spices
condiments and beverages (FAO, 2011). FVS refers to the individual food items
consumed over particular period; a day, a week, or a month. In this study, FVS was
computed based on a list comprising 47 individual food items within the same 12 food
groups. The respondent indicated whether the household consumed or not within the

previous 7 days.

The adult equivalent scale constant for East Africa standards (Massawe, 2016) was
employed to compute households of different sizes with members of different sex and age
groups. An adult equivalent unit was assigned to each household member by multiplying
each age category by respective adult equivalent scale with respect to gender of each
household member. The fact that households with different sizes have different
requirements in terms of resources, the sum of adult equivalent was adjusted based on the
economies of scale constants (Mbwana et al., 2016). The values were multiplied by the
average costs subject to household sizes. The computed variable was then used as one of

the predictors replacing the household size.

4.3.4 Definition of variables

The empirical model of this study was specified based on the literature review of the
similar studies (Dhraief et al., 2018; Nkhoma et al., 2017; Ng’ombe et al., 2017; Pantaleo
and Chagama, 2016; Kassie et al., 2014). According to this literature, many factors affect
usage and thus affect our outcome variables.

Table 4. 2: Variable definitions

Variable Definition
Dependent Variable
Food Variety Score Food Variety Score per adult equivalent Unit (FVS/AEU)

CoRoly CoRolp = 1 if a farmer is a non-user



CiRolo
CoRulo
CoRoly
CiRilp
CiRoly
CoRily

CiRily

Explanatory Variables
Household Characteristics

The household size
Education

Gender

Age of the household head

Marital status of the household
head

Farming experience

Households resource endowment
Livestock ownership

Mobile phone ownership

Radio ownership

Television ownership

Ownership of productive assets
Income diversification

Land ownership

Institutional services

Access to demonstration plots

Extension services

Distance to the extension office
Access to tarmac road

Membership of multiple
organizations

Access to credit
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CiRolp = 1 if a farmer only uses crop rotation; 0 otherwise

CoRilp = 1 If a farmer uses residue retention; 0 otherwise

CoRoly = 1 If a farmer uses intercropping; 0 otherwise

CiRilo = 1 If a farmer uses crop rotation and residue retention; 0 otherwise
CiRoli= 1 If a farmer uses crop rotation and intercropping; 0 otherwise

CoRyl1= 1 If a farmer uses residue retention and intercropping; 0 otherwise

F,P.I,= 1 If a farmer uses crop rotation, residue retention and intercropping;
0 otherwise

Number of household members
Level of education of household head in years

1 if a household head is male, 0 otherwise (Dummy)
Age of head of the household (years)

1 if a household head is married, 0 otherwise (Dummy)

Farming experience of the household head (years)

Tropical Livestock Unit (TLU)

1 if a household head owned mobile phone, 0 otherwise (Dummy)
1 if a household head owned radio, 0 otherwise (Dummy)

1 if a household head owned television, 0 otherwise (Dummy)
Asset index

Number of income sources

1 if head of the household owned land, 0 otherwise (Dummy)

1 if head of the household has access to demonstration plot, 0 otherwise
(Dummy)

1 if head of the household has received extension services, 0 otherwise
(Dummy)

Distance in minutes

Distance in Minutes
1 if a household head joined multiple organisations, 0 otherwise (Dummy)

1 if household head had access to agricultural credit, 0 otherwise (Dummy)

4.3.5 Study areas, sampling, data collection

The data used in this study was obtained from the household survey conducted in the

Southern Highlands of Mbeya and Songwe in Tanzania under the Integrated Project to

Improve Agriculture Productivity and Food Security in the Bread Basket area of Southern

Highlands.

The study was conducted during the period of September—December 2017. The study

aimed to evaluate the impact of the simultaneous usage of several CSA practises on

household food security. The sample covers 1443 farm households. A multistage sampling
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was used to select farmer organisations (FOs) from each district, and households from

each FO.

First, based on their food production potential crops (maize, paddy, common beans, and
soya beans), four districts were selected purposively from two regions of the Southern
Highlands of Tanzania (Mbeya and Songwe Regions). Second, 51 wards were randomly
selected out of 92 wards. Third, FOs from each ward were identified then a proportionate
random sampling was applied to choice farm households from all FOs to get a total of

1443 households.

4.4  Empirical Results

4.4.1 Descriptive statistics

Table 4-3 shows the descriptive statistics of the CSA-practises used in combination or in
isolation disaggregated by district. Residue retention (3.95%) and intercropping (3.15%)
were the most popular CSA practises among farming households which use individual
components. The results showed lower usage of CSA practises across all districts. This
implies that farming households used more of combinations of CSA practises than in
isolation on their farms. This is the evident that farmhouse households use CSA practises

as a complement to each other.

The three CSA practises (crop rotation, residue retention and intercropping) were used
simultaneously in which 62.96 % of the farming households used the combination of the
three CSA-practises (C;Ril;). This indicates the farming households used multiple
combinations of CSA practises to combat the production constraints and climate change

risks. The results also showed that the usage of combination of crop rotation, residue
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retention and intercropping (C;R;l;) was more used in Momba district (76.1%) than Mbozi

district (67.02%) and Mbeya district (62.05%).

The lower usage of combination of crop rotation, residue retention and intercropping
(CiR4ly) in Mbarali district is because the majority of faming households cultivate more
rice throughout the year, hence crop rotation and intercropping is not common. The study
found that 14.62% of farming households used the combination of residue retention and
intercropping (CoRil;) while Mbozi District had the highest %age of farming households

(19.66%) that used a combination of residue retention and intercropping (CoRil,).

Table 4. 3: CSA-practises used in isolation or in combination

CSA practises Pooled Mbeozi DC Momba DC Mbarali DC Mbeya DC
CoRolo 7.07 1.90 1.674 17.95 7.88
CiRolo 0.83 0.21 0.000 2.88 0.48
CoRulo 3.95 5.71 2.929 2.24 3.82
CoRoly 3.19 1.06 0.418 6.73 4.53
CiRilp 4.02 4.23 12.134 0.64 1.67
CiRoly 3.40 0.21 1.674 11.54 1.91
CoRil4 14.62 19.66 5.021 10.26 17.66
C.Rily 62.92 67.02 76.151 47.76 62.05

4.4.2 TImpacts of CSA-practises usage on food security

The treatment effect was determined to find the impact of the usage of CSA-practises in
isolation or in combination on food security as an outcome variable. The ordinary least
squares regression of Food Variety Scores per adult equivalent Unit (FVS/AEU) of the
households were estimated for each combination of CSA-practises, taking care of the

selection bias correction terms.

At this stage, treatment effects were reported. Different combinations were identified; crop
rotation only (CiRolp), residue retention only (CoRilp) intercropping only (CoRoly)

combination of crop rotation and residue retention (C;R;l;), combination of crop rotation
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and intercropping (CiRily), combination of residue retention and intercropping (CoRil;)

and the crop rotation, residue retention and intercropping combination (C;R11I;).

The simplest approach is to look at the actual FVS/AEU by farm household CSA-practises
used. The result shows that farming households that used crop rotation in isolation have
food variety score of 2.0179/AEU. Another option is to check the effect of each CSA-
practise on FVS/AEU. The result shows that all combinations were negative and have

insignificant effect on Food Variety Scores per adult equivalent Unit (FVS/AEU).

The observed and unobserved characteristics that might influence food variety score per
adult equivalent Unit (FVS/AEU). To address for both observed and unobserved
characteristics, the study used the counterfactual analysis as explained in section 4.5.2.
That is the difference in the FVS/AEU that might be caused by unobservable

characteristics, such as household head skills.

The analysis helps to examine which combinations of CSA-practises have a higher impact
on FVS/AEU as the indicator of food security. Table 4-4 presents the FVS/AEU under
actual and counterfactual situations. The study compared the expected FVS/AEU under
the actual case of the farm households that used a particular CSA-practise and the
counterfactual case that the farm household did not use the said CSA-practise. The column
(3) of Table 4-4 shows the usage effect of each CSA-practise on FVS/AEU, which is the
treatment effect, calculated as the difference between column (1) and (2) based on

equation (6a — 7a) and 6b — 7b) as shown in section 4.3.2.

The results show that the impacts of CSA-practises on food security (FVS/AEU) are both

positive and negative but differ in magnitude depending on the practise used. Farm
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household that used CSA-practises such as crop rotation, residue retention and
intercropping in isolation increases the FVS/AEU by a magnitude of 2.6213, 0.9349 and

3.7076 respectively.

The finding is similar with the study by Al-Shater et al. (2017) in Syria, which found that
farm household which used zero tillage in isolation as a conservation agriculture practise
earned on the average 9494 SYP or US$189 per ha (33% higher) net income. The result is
also inconsistent with that of Beyene et al. (2017) in Ethiopia which found that farm
household which used soil conservation practises in isolation reduces net revenue by a

magnitude of 101.7Birr per hector.

The study found that usage of crop rotation and residue retention (C;R;ly) in combination
does not guarantee the maximum return. This is because farm household that used a
combination of crop rotation and residue retention, their FVS/AEU increase by a
magnitude of 0.3517 compared to non-users. However, the usage of crop rotation (C;Rolo),
residue retention (CoRilp) and the intercropping (CoRoli) increases FVS/AEU of a
magnitude of 2.6213, 0.9349 and 3.7076, which are higher than the usage of combination

of crop rotation and residue retention (C;R;ly).

This means that using CSA-practises in isolation improves household food security than
used in combination. The finding is inconsistent with that of Beyene et al. (2017) which
found that the usage of a combination of soil conservation and intercropping increased the
net revenue per hector. The result of this study cautions about the conclusion that multiple
use is not always the best CSA-agriculture to improve household food security. It is
possible to use a combination of CSA-agriculture, relative to using one practise a time,

places burdens on farming household in terms of expenditure and risk.
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The study found that usage of combination of all three practises simultaneously was
positive and highly significant increased FVS/AEU. Again, using all three practises
simultaneously (C;R;l;) does not guarantee maximum improvement of household food
security as has a lower magnitude compared to the practises used in isolation. The study
found that farming households that used a combination of crop rotation, residual retention
and intercropping (C;Ril;) increased food variety score by a magnitude of 0.0005 per
AEU. However, the usage of combination of crop rotation and residue retention (CiR:lo)
increases the food variety score by a magnitude of 0.3517 per AEU which is higher than

using crop rotation, residue retention and intercropping in combination (C;R:l4).

The finding is similar with the study by Di Falco and Veronesi (2013), who found that a
combination of soil conservation and changing crop varieties yielded better return than the
usage of three strategies crop rotation, water conservation, and soil conservation in rural
Ethiopia. Result of this study indicate that the payoff from combinations of CSA-practises
depends on the type of practises considered in the analysis, as there is a possibility that

using CSA-practises in isolation may yield a better payoff than combinations of practises.

Table 4. 4: Impact on Food Variety Score by Climate Smart Agriculture practises

CSA-practise FVS/AD if farm  Counterfactual FVS/AD if Usage Effects
households did farm households didn’t use (FVS/AD)
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use
1.9458 -0.6756 2.6213%**
Crop rotation only
(0.2792) (0.1433) (0.1631)
0.2410 -0.6939 0.9349***
Residue retention only
(0.0112) (0.0188) (0.0150)
0.1077 -3.5999 3.7076***
Intercropping only
(0.0152) (0.0855) (0.0807)
Combination of crop rotation and 0.1062 -0.2455 0.3517%**
residue retention (0.0110) (0.0209) (0.0186)
Combination of crop rotation and -10.2866 -1.0341 -9.2526%**
Intercropping (0.1628) (0.0943) (0.2247)
Combination of residue retention 0.1736 0.4655 -0.2918***
and Intercropping (0.0029) (0.0064) (0.0056)
Combination of crop rotation, 0.2417 0.2412 0.0005%**
residue retention and
(0.0025) (0.0028) (0.0018)

intercropping

Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1

4.7  Conclusion, Recommendations and Policy Implications

Usage of CSA-practises and evaluation of their potential impacts on household welfare
have received considerable attention from policy analysts. Low rates of usage among
farmers continue to be recorded despite substantial investments in their promotion by
governments and other stakeholders. Furthermore, prior research has ignored joint usage
and interdependence of multiple CSA-practises and their potential impacts on household
food security. Using cross-sectional data collected from Mbeya and Songwe regions in
Tanzania, the study evaluated the impact of using combination of CSA-practises on food
security among farming households. A multinomial endogenous switching regression

model was used to account for self-selection.

With respect to the causal effects findings, the study recommend as follows. First, usage
of CSA-practises both in isolation and in combination should be encouraged because all

possible combinations result in significant positive effects on food variety per adult
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equivalent unit as an indicator of food security expect of crop rotation and intercropping
and residue retention and intercropping combination. Second, more promotional efforts
should focus on usage of CSA-practises in isolation since these generally increase food

varieties score per adult equivalent compare CSA-practises used in combinations.

Further, regardless of unobserved and observed effects, using crop rotation, residue
retention and intercropping in isolation results into the highest food variety score per adult
equivalent among all possible combinations. Therefore, efforts to improve food variety
score per adult equivalent unit should focus on usage of crop rotation and residue retention

and intercropping in isolation.

The findings of this study are grounded on cross sectional data. Therefore, better data sets
such as panel data methods with time dimension should be considered in the future studies
for more rigorous evidence about the role and implications of CSA-practises.
Additionally, the data used in this study are not ideally rich in agronomic and shock

variables.

Admittedly, this is an important limitation, plus our study is restricted to evaluating
potential contribution of the usage of CSA-practises on household food security; perhaps
these results could be different under a single crop or when all input costs are ideally
observed. Besides, CSA-practises could be dynamic or agro-ecological location specific:
may be some practises are more effective in the short run while others yield more payoffs
in the long run or maybe their impacts vary by agro-ecological location. These should be

investigated and future research should be conducted to address these issues.
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Abstract

Concerns of food insecurity and climate change are the serious global challenges,
Tanzania inclusive. In response, farm households are using various climate smart
agricultural practises (CSA-practises) which are believed to play a vital role to increase
agricultural productivity, increase resilience to climate change and reduce mitigation costs
for greenhouse gas (GHG) emission while improving households' food security. Despite
these benefits of CSA-practises but the usage of these practises is still voluntary and its
impact on household welfare specifically food security is not well documented in
Tanzania, particularly in Mbeya and Songwe Region. Therefore, the determinants of using
of CSA-practises (in particular organic manure, drought-tolerant maize seeds and
irrigation) and the impact of the usage of household food security were examined. The
cross-sectional study design was used to collect information from from farming

households in the Southern Highlands of Tanzania (Mbeya and Songwe regions). To
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evaluate the impact of combination of CSA-practises on household food security the study
used a multinomial endogenous treatment effect model. A counterfactual analysis was
conducted to compare the impacts from different combinations of climate smart
agriculture practises considered. The findings show that household, plot, and institutional
characteristics have significant effects on the usage of a different combination of CSA-
practises. The study also found that the highest payoff of food security is achieved when
climate smart agriculture practises are used in combination rather than in isolation. The
package that contains combination of drought-tolerant maize seeds and Irrigation
(OroDtylry) gave higher payoff than the combination of all three CSA-practises. The study
suggests that based on the practises considered in this study, the usage of a combination of
various practises result in better food security compared to the usage of these practises
individually. This indicates that promoting combination of CSA-practises could enhance

household food security.

Keywords: Climate smart agriculture practises, food security, and multinomial

endogenous treatment effect.

5.1 Introduction

Food insecurity is a serious global challenge for many households (Sibhatu et al., 2015).
Despite reasonable food crops production worldwide, more than 820 million individuals
are food insecure with a number of obstacles to attain zero hunger by 2030 (FAO, 2019).
It is projected that 1.3 billion people of the global population are suffering from food
security at moderate levels. This implies that they are not suffering from hunger but they
suffer from access to nutritious and enough food which expose them to high risk of
malnutrition and poor health (FAO, 2019). Statistics show that 1.2 billion people are in

extremely poor whereby 75 % of these reside in rural areas and are primarily dependent on



148

agricultural production (Tiberti and Tiberti, 2015). In the last few decades, African
agriculture production increased but did meet the demand for food of the growing
population (Sibhatu et al., 2015). As a result of this mismatch, African farming
households in the rural area are continuing suffering from food and nutritional insecurity
due to poor access to sufficient protein and energy from their diet (Gouel and Guimbard,
2019). However, agriculture is still an important sector to improve household food
security (Godfray et al., 2010). FAO defined food security as a situation that exists when
all people, at all times, have physical, social, and economic access to sufficient, safe, and
nutritious food that meets their dietary needs and food preferences for active and healthy

life (FAO, 2010a).

Because of the high demand for food as the consequences of rapid population growth in
Africa, there is a need to transform African agriculture to improve food and nutrition
security; however, climate change can impede this transformation since it increases
temperatures and decreases annual rainfall which results in the increase of droughts and
salinity (IPCC, 2014). It is estimated that, growing periods of crops in western and
southern Africa might be shorten by an average of 20 % by 2050, causing a 40 % decrease
in cereal yields and a decrease in cereal biomass for livestock as the consequences of

climate change (FAO, 2010b).

Subsequently, it is important to simultaneously improve agricultural productivity and
reduce yield variability overtime under adverse climatic conditions (Sibhatu et al., 2015).
There are various options have been proposed to address the challenge of food insecurity
under climate change, including closing the yield gap through increasing productivity and
addressing the structural causes of persistent poverty (Aggarwal et al., 2012). Previous

studies in Africa indicate the importance of investigate the impact of climate change and
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agricultural practises at the household level, rather than focusing on aggregated results that

hide a large amount of variability (Thornton et al., 2010; Baethgen, 2010).

An anticipated means to achieve this is increased usage of climate-smart agriculture
(CSA) approach as proposed by FAO (2010b). CSA is an approach to developing the
technical, policy and investment conditions to achieve sustainable agricultural
development for food security under climate change (FAO, 2013). CSA approach is vital
as it contain three scopes of sustainable development which are mutually addressing
ecosystems management, food security, and climate change challenges (Lipper and

Zilberman, 2018).

Usage of CSA-practises by farming households either in combination or in isolation can
lead to increase agricultural productivity, improve adaptation to climate change and reduce
mitigation costs for greenhouse gas (GHG) emission (Shirsath et al., 2017). However, a
work to promote CSA in Africa are proceeding at the policy level as African leaders
endorsed the inclusion of CSA in the NEPAD program on agriculture and climate change

to improve food security in the region (Zougmoré et al., 2015).

Many initiatives related to CSA have been taken in Tanzania. For example, the
establishment of climate smart agriculture program (2015 — 2025) is one of the initiatives
aimed at enhancing the usage of CSA-practises and food security (URT, 2015). Various
government and non-governmental organisations such as District Councils, Tanzania
Agricultural Research Institutes (TARI), Sokoine University of Agriculture (SUA),
African Green Revolution Alliance (AGRA), SNV-Tanzania, One Acre Funds, Ruvuma
Commercialisation and Diversification of Agriculture (RUCODIA), African Conservation

Tillage Network (ACTN) implemented CSA-practises projects and programs in different
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regions (Mbeya and Songwe Regions inclusive) aimed at improving food crop

productivity and food security (AGRA, 2016; Lipper and Zilberman, 2018).

However, according to Mugabe (2019) the majority of the CSA-practises projects and
programmes are ongoing but CSA-practises are not broadly diffused in the different parts
of the country. This is due to limiting factors such as capacity, funds and policy support.
However, a number of CSA-practises have been implemented and used by farming
households in different parts of the country to fight against climate change impacts. These
include the use of reduced tillage, which provides ecosystem services such as water
regulation, carbon storage, soil stability, prevent soil erosion, improve infiltration of water,

and improve soil health (Bhatt, 2017).

Crop rotation is another CSA-practise which improves the adaptation to climate change
through the improvement soil health and structure, improve soil water holding capacity,
helping to break the circle of pests and diseases and play a major role in increasing yield
stability (Kuntashula et al., 2014). Residue retention enables climate change adaptation by
soil erosion control, conserve soil moisture, reduce soil compaction, decrease CO,
emission and improve biodiversity (Chen et al., 2019). In general, these CSA-practises
have an effect on food security and assist farming households to increase food crop
productivity and protect farming households from the climate change (Lipper and

Zilberman, 2018).

Despite the benefits of CSA-practises, the usage of these practises is still voluntary and its
impact on household welfare specifically food security is not fully documented in
Tanzania; particularly, in Mbeya and Songwe region (Beyene et al., 2015; Tenge et al.,

2004). A Study by TCNC (2014) found that the prevalence of food insecurity in Mbeya
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and Songwe Region is high; with 37.7 % of children below five years are stunted, higher
than the national level which is 34 %. There are various pieces of literature (Giller et al.,
2015, Pittelkow et al., 2015, Kirkegaard et al., 2014) which examined the link between the
usage of CSA-practises and food security in Tanzania and elsewhere. However, there are
scarce empirical studies which examined the determinants of usage of individual and

combination of CSA-practises.

In addition, the discussions of the impact of the usage of individual and combination of
these practises on household food security are virtually non-existent in Tanzania,
particularly in Mbeya and Songwe region. This study will fill these gaps by examining the
determinants of the usage of individual or combination of CSA-practises, and how usage

impact farming household’s food security in Mbeya and Songwe regions in Tanzania.

The study is important because a comprehensive large farming household survey of food
crops (maize, paddy, common-bean and soya beans farming households) farming systems
of Tanzania was used. Additionally, the interdependence between different CSA-practises
and jointly analyse the decision to use a combination of practises identified using a

multinomial endogenous treatment effect model.

This is relevant because knowledge on the interrelationships among multiple combinations
of CSA-practises could give a good contribution to the ongoing discussion on whether
farming households should use CSA-practises individually or in combination. Finally, this
study is relevant because by identifying a good combination of CSA-practises with a

highest payoff could be important in designing effective agricultural extension policy.
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5.2 Literature Review

5.2.1 Concept of climate-smart agriculture (CSA)

According to FAO (2010b), CSA is defined as an approach which is used to “develop
technical, policy and investment conditions in achieving sustainable agricultural
development for food security under climate change”. The approach is imperative in
attaining the national food security through its goals of improving agricultural productivity
and income, improve adaptation to climate change and reducing or remove the greenhouse

gases emission (FAO, 2014).

In addition, the aims of CSA are to improve food security and bigger development goals
under a changing climate (Lipper and Zilberman, 2018). According to Ali and Erenstein
(2017), there is a need to improve CSA planning for the purpose of addressing the
synergies and trade-offs between the increase of agricultural productivity, improve
adaptation to climate change and mitigation of greenhouse gases. The trade-off and
synergies of CSA (i.e. productivity, adaptation and mitigation) lead to address economics,
environment and social challenges, hence achieving more efficient, effective, and

equitable food systems (Lipper and Zilberman, 2018).

There are various options of CSA-practises such as micro-level options, which include
crop diversification and the timing of planting (Deressa et al., 2009). Another option is the
market responses, which involves access to agricultural loans and different sources of
household income (Ekwere et al., 2014). Improvement of subsidy scheme together with
the access to input and output markets are CSA-practises under the option of institutional

change as explained by Mendelsohn (2001).
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The last option is the technological developments which include practises like the drought-
tolerant maize seeds, crop rotation, use of irrigation, residues retention, reduced tillage,
crop rotation drought-tolerant seeds (Page et al., 2020; Li et al., 2019; Blanco-Canqui et
al., 2018; Deressa et al., 2009). However, some of the CSA-practises are localized and are

not directly used and implemented in other regions or agriculture settings.

This study considered organic manure, drought-tolerant maize seeds and irrigation as
CSA-practises used in the study area. According to Khaitov et al. (2019) the use of
organic manure is considered as climate smart because it improves soil structure and its
water holding capacity with minimum leaching, it reduces the need for synthetic fertilisers

and related greenhouse gases emissions.

Food security in an era of climate change may be possible if farmers use stress-tolerant
seeds as they help farming household to increase productivity and yield stability under the
era of climate change and variability (Fisher et al., 2015). According to Masuka et al.
(2017), drought-tolerant Maize Seeds are one of the promising stress tolerant-seeds which
have the ability to withstand an abiotic stress like drought. These seeds increase
production per unit area, reduce costs of production, increases and/or maintains above-

and below-ground biomass during drought periods (Masuka et al., 2017).

The use of irrigation is best CSA-practise because of enabling the production during the
dry season, improves water infiltration, reduces water loss due to runoff and evaporation
and improves the quality and availability of ground and surface water (Arslan, 2013).
Additionally, the use of irrigation is more efficient when it is accompanied by other CSA-
practises such as drought-tolerant seeds and organic manure that can use moisture more

efficiently (Arslan, 2013).
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5.2.2 The Concept of food security

According to Capone et al. (2014), food security has four pillars which include food
availability, food accessibility, food affordability and food stability. Food availability is
about the availability of food which can be obtained through agricultural production
exchange and distribution. Food accessibility is referred to as the appropriate methods of
obtaining food which can be influenced by affordability, allocation and consumer
preference while food utilization is considered as the proper way of food consumption
through consideration of requirements of human nutrition (Capone et al., 2014).
Generally, development specialists face difficult to identify the appropriate indicators for
food security due to the lack of a standard measure (Coates, 2004). The indicators of food
security such as consumption, poverty, and malnutrition are used as proxy measures, while

indicators of assets and income are used as determining factors (Maxwell et al., 1999).

These measures are related to food security, but none of them captures the concept
accurately or completely. This is due to the fact that food security is actually a complex
concept, hence difficult to measure using a single indicator (Ndobo, 2013). It is, therefore,
important to search for reliable and cost-effective indicators to use based on four pillars of
food security. The study concentrates on measuring the impact of the usage of CSA-
practises on household dietary diversity score per adult equivalent unit as an indicator of

food security.

5.2.3 Theoretical Framework
The theoretical framework by Singh and Strauss (1986) was used in this study. The model
is referred to as agriculture household model (AHM) which is applied in a developing

country where markets are imperfect. Because of imperfect input and output markets there
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is an interaction of household production and consumption which indicates that farming
households both producers and consumers of goods and services with the objective of

maximizing expected utility (Mutenje et al., 2016).

For example, market imperfection can cause the farming household to allocate labour into
different activities, whereby the allocation decisions can be determined endogenously by
the rate of shade wage rather than the rate of market equilibrium. Furthermore, farming
household depends on their savings and assets as a result of imperfect credit market which

impedes them to use CSA-practises, hence food insecurity (Mutenje et al., 2016).

Barrett (2008) argued that the information asymmetry, market imperfections and
transaction costs could push farming households to produce food for own consumption
rather than for market. Furthermore, according to Tessema et al. (2016), farming
households cannot use CSA-practises such as organic manure, drought-tolerant maize

seeds and irrigation because of the market imperfections and high transaction costs.

Hence, a non-separable household model which combines input and output market
imperfections is preferred as a suitable to model decisions of the household and allocation
of resources. The study followed Fernandez-Cornejo et al. (2005) and Weersink et al.
(1998), the utility (U), is a function of the consumption of purchased goods (G) and
leisure (L), subject to human capital (H)and other household characteristicsZ, as

exogenous factors. Therefore:

MaxU|G,L,H,Z,

The utility is maximized subject to time, production and income constraints as:



156

Time constraint: T=L/|d+L+L,L,>0 ..o ()
Production constraint:  Q=QLlX[d |, L;[d,[,H,d;,R|d;>0 ............................ (3)
Income constraint: P,G=P,Q-W X+W L+A i 4)

The constraint relates to household labour decisions into leisure L working on the farm L;
or off-farm workL,which cannot exceed the total households’ time endowment (T).
Another constraint is a convex continuous production function, assuming that the quantity
of crops produced (Q) depends on, farm inputs(X), household labour deployed in
agricultural production processL,, human capital (H ), the choice of CSA-practises used d i
and a vector of exogenous factors that shift the production function (R).X and L; are
functions of d; since some of the CSA-practises affect directly the input or labour demand

of farm households.

For example, organic manure affects the labour supply of the farm household as some
amount of labour is needed when applying organic manure. Households’ characteristics
(H &6 x)4, plot characteristics(P ¢ x) &, institutional characteristics(I 44 x)¢ and household
assets(H 4 a) determine the choice of CSA- practise (d ;) in turn.

d=|H,P,I,H,

The final constraint is shown in equation (iv), where, the farming household has a budget
constraint whereby a total household expenditure (the price of purchased goods (Pg) times

quantity of purchased goods) should be less than the net income from agriculture, off-farm

income (wage rate (W) times (L,) - total off farm labour supplied by the household and
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other income sources such as remittances and pension (A). Plug in equation 3 into

equation 4 yields a farm practise-constrained measure of household income:
P,G=P Q| X|(d,,L,(d,},H,d,R]I-W X+W L+A  .......coiiimrrrn. (6)

The Kuhn-Tucker first order conditions can be obtained by maximizing the Lagrangean

expression (t|over (G, L) and minimising it over (A,n):

=U¢
+A|P,Q|X(d)|,L;(d,|,H d,,R|-W,X+W, L+A—P,G|

N[ T=Ly{d;|=L,=L].... oo %

A and nrepresent the Lagrange multipliers for the marginal utility of income and time,
respectively. Following Tambo and Wiinscher (2014), Fernandez-Cornejo et al. (2005)
solving the Kuhn-Tucker conditions, reduced-form expression of the optimal level of

household income Y* can be obtained by:
Y=Y (A, PPy AV H TR, Zy e (8)
and household demand for consumption goods (G) can be expressed as:

G=G(d,,P Y \H T, Zy) e oeieaiiiie et 9)

Therefore, the reduced forms of Y* and G are affected by a set of explanatory variables,

includingd ;. The main objective of this paper is therefore, to evaluate the impact of



158

organic manure, drought-tolerant maize seeds and irrigation on household dietary diversity

score per adult equivalent unit (HDDS/AEU) as food security indicator.

5.2.4 Empirical review

Earlier studies have focused on the relationship between the usage of CSA-practises and
crop productivity but there are scarce literatures on the impact of combination of CSA-
practises on household welfare such as household food security; therefore, is still an area
where researchers need to focus on. However, there are some studies which employed
different impact evaluation methods to evaluate the impact of the usage of different
agriculture practises on household welfare in Tanzania and elsewhere. For example, Bezu
et al. (2014) used instrumental variable regression to evaluate the effect of farming

household usage of improved maize seed on household welfare in Malawi.

The study found female-headed farming households which were the users of improved
maize seeds have better household welfare compared to male-headed households. A
propensity score matching method (PSM) was employed by Allotey et al. (2019) to
evaluate the effect of fertilizer subsidy programme on income of the household. The study

found that fertilizer subsidy programme has a direct contribution to household income.

The impact studies of CSA-practises usage were conducted in different regions of
Tanzania by Mkonda and He (2017). Results showed that the impact of the usage of
planting basins, terraces, reduced tillage, cover crops and crop rotation has same
variations. For example, in Arusha, farming households used terraces, in Dodoma they
used reduced tillage while the Ruvuma they used Matengo pits, but all have shown a

positive impact on productivity of maize and coffee.
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Furthermore, in the Southern Agricultural Growth Corridor, planting basins have doubled
maize yields compared to that of conventional tillage. Mkonda and He (2017) found that
farming households which used irrigation, reduced tillage and crop rotation have improved
food crop productivity from an average of 0.5-ton Ha—1 to 1.5-ton Ha—1 in the northern
zone of Tanzania. Subsequently, maize yields have increased from 2,500 kg to 4,166 kg

per Hectare and 3750 kg per Ha when intercropped with lablab.

In Pakistan, Imran et al. (2018) investigated the impact of CSA on cotton production. The
study found that users of water and drainage management reduced tillage, crop rotation
and improved seed varieties have increased productivity compared to non-users. In Kenya,
Mwabu et al. (2006) conducted a study on the determinants of the usage of drought

tolerant maize seeds and its impact on poverty in Laikipia and Suba districts.

The study revealed that the price of maize, education level, and distance to the roads are
the main determinants of hybrid maize usage by farmers and the usage reduce household
poverty. In their study, Ouma et al. (2006) analysed factors influencing the usage of maize
practises and fertilizer. They found that education, access to credit, access to extension and

agro-ecological differences had a significant influence on fertilizer usage on maize.

A study by Ariga et al. (2008) examined the usage of chemical fertilizers by peasant maize
growers in Kenya using probit and logit models. The results revealed location as the
dominant determinant factor affecting peasants’ decisions to use chemical fertilizer on
maize production. Furthermore, the result found that the decision to buy chemical fertilizer

was positively related to land ownership but not with household wealth.
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In addition, closeness to the agro-dealer influenced peasants’ decision to use chemical
fertilizer for maize production. Pittelkow et al. (2015) found that the usage of reduced
tillage in isolation reduces yields. Surprisingly, when crop rotation is combined with cover
crops and reduced tilage, its negative impacts on yield are minimized.

Moreover, usage of a combination of reduced tillage, cover crop and crop rotation has a
significant yield increase in rain-fed crop production which implies that it may become a
good combination of CSA-practises for the dry land regions. Even though, the reduced
tillage found to reduce crop yield by 5.7%, but it increases yield equal to or even higher

yield than conventional tillage.

Most of the relevance of these studies have a long focus on the use and impact of single
CSA-practise (Mwabu et al., 2006; Imran et al., 2018), even though farming households
use more than one practise to address their overlapping constraints. Furthermore, these
studies do not consider the combination of different CSA-practises. Therefore, modelling
usage and impact analysis on multiple combinations of CSA-practises in order to capture
information on interdependence and simultaneous usage decision and its impact on

household food security.

5.2.5 Conceptual framework

Farming households’ decisions to use drought-tolerant maize seeds, organic manure and
irrigation lead to eight possible combinations of CSA-practises. Usage of these
combinations by farming households may not be random as a result they might
endogenously self-select either using or not using the decisions. This indicates that
farming households which use a specific CSA-practise may have systematically different
characteristics from those households that did not use different CSA-practise packages;

because farm households that use a particular CSA-practise are not a random sample of
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the population as our study is not based on a controlled experiment but an observational

study.

Therefore, unobservable characteristics such as motivation, managerial skills or expected
yield can influence the decisions. There is a possibility of the unobserved characteristics to
correlate with the outcomes of interest. Therefore, a multinomial endogenous treatment
effect model proposed by Deb and Trivedi (2006) was employed in this study to account
for observed and unobserved heterogeneity. The model is an appropriate framework for
evaluating CSA-practises used both in isolation and in combination as it captures the

interactions among choices of alternative CSA-practises (Wu and Babcock, 1998).

Two steps are used in the estimation where the first stage a mixed multinomial logit
selection model was applied to model the farming household’s choice of combination or
individual CSA-practise. In the second stage of estimation, the ordinary least square
(OLS) with selectivity correction terms was used to estimate the impact of outcome
variables. For the case of this study, the outcome variable is Household Dietary Diversity
Score per Adult Equivalent Unit (HDDS/AEU) as an indicator of household food

security.

5.3  Methodology of the Study

5.3.1 Study area

The study was conducted in Mbeya and Songwe Region were four district were involved
i.e. Mbozi, Mbarali, Momba and Mbeya Districts. These study area is in the Southern
Highlands, which is the breadbasket area of Tanzania where a different of food crops are
cultivated such as maize, beans, soya beans and paddy rice. The study selected two

regions and four districts based on the presence of food crops such as maize, paddy rice,
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beans and soya beans. In addition, food and nutritional security vulnerability was another
selection criterion because 37.7% of children below five years are stunted (TFNC, 2014),

and there have been absence of integrated interventions in recent years.

The study area was also regarded best since farmers from these regions/districts primarily
rely on food crop production for their livelihoods. The difference in geographical location
(i.e. Mbeya and Songwe Regions) was another reason for the selection of these study areas
as it would enable to generalize the results. Furthermore, mixed agronomic practises also

were the main driver for the selection of this study area.

5.3.2 Sampling and data collection

The cross-sectional study design was used to collect information from the farming
households in the Southern Highlands Zone of Mbeya and Songwe in Tanzania. The
Sokoine University of Agriculture in collaboration with the Integrated Project to Improve
Agriculture Productivity and Food Security in the Bread Basket area of Southern
Highlands of Tanzania conducted the survey during the period of September —December

2017.

A multistage sampling was employed to select farmer organisations (FOs) from each
district and households from each FO. First, based on their food production potential crops
(maize, paddy, common beans, and soya beans), four districts were selected purposively
from two regions of the Southern Highlands of Tanzania (Mbeya and Songwe Regions).
Second, 51 wards were randomly selected out of 92 wards. Third, FOs in each ward were
identified then a proportionate random sampling was applied to choose farming

households from all FOs to get a total of 1443 households.
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A structured male and female questionnaires were used to capture information using open
data kit (ODK) was used. Information like household demographics, socioeconomic
characteristics, different CSA-practises used, food consumption, and other farm/plot

characteristics were collected.

5.3.3 Estimation strategies

A multinomial endogenous treatment effects model involves two stages. First; farming
household choose one of the eight combinations as shown in the first column of Table 5.1.
Following Deb and Trivedi (2006), let U;; denote the indirect utility associated with the ;"

CSA-practise, j =0, 1, 2 ..., J for farming householdi:

) ' J
U;}:z,.aj+§ S i LTl e (10)

Zi was used to denote the vector of household characteristics, plot characteristics,

institutional factors and location with the associated parametersa;; nare independently

and identically distributed error terms. The Uf, includes a latent factor I; that incorporates
unobserved characteristics common to farming householdsi’s treatment choice and
outcome variables. Outcome variables in this analysis are the combinations of different
CSA-practises which include organic manure, drought-tolerant maize seeds and irrigation.
Management and technical abilities of farming households in understanding CSA-
practises were considered as unobserved characteristics that may have an impact on

outcome variables (Khonje et al., 2015).

The assumption is that the I; is independent off];. Following Deb and Trivedi (2006), let

Jj=0 denote the control group andU;:’OZO. During the analysis, the non-users of CSA-
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practises (organic manure, drought-tolerant maize seeds and irrigation) were considered as
the control. Let d; be the observable binary variables representing the choice of different

combination of CSA-practises and as a vector of:

l;= (dil’diZJ"-:dijZ"

let Ii: (lil,liz,...,lijé‘ ............................................................................. (12)

The probability of treatment can be represented as:

g stands as multinomial probability distribution which is expected to have a mixed

multinomial logit (MMNL) structure, defined as:

Pri e, (14)

Then second stage was undertaken to evaluate the effect of CSA-practises usage on
household food security where the FVS/AEU and HDDS/AEU were used as indicators of

food security. Equation 14 shows the expected outcome:

y; stand for the HDDS/AEU as the outcome variable and an indicator of household food
security for farming household i,a set of exogenous variables are presented by X; with a

parameter vectorsf3, and Y; represent the treatment effects relative to the control group i.e.,
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non-users of CSA-practises. If dis treated to be exogenous but there is a possibility
endogeneity in usage decision of CSA- practises which resulted into inconsistent estimates

y.E{, is a function of each of the latent factorsl ije

This means that the outcome variable is affected by the unobservable characteristics which
also affect selection into treatment. When,, is the factor-loading parameter and when is
positive, the treatment and outcome are positively correlated through unobserved
characteristics and vice versa. This implies that there is positive (negative) selection, with
y and A the associated parameter vectors, respectively. The study assumes a normal
(Gaussian) distribution function because the outcome variable (HDDS/AEU) is a
continuous variable where a Maximum Simulated Likelihood (MSL) approach was

deployed for estimation.

In the next step, the valid instruments were included, following Deb and Trivedi (2006)
that the parameters of the model are estimated even if the explanatory variables in the
treatment equation are the same as the ones used in the outcome equation. Therefore, the
use of exclusion restrictions or instruments can provide more robust estimates. In the
analysis, additional variables which are not correlated with the HDDS/AEU were included

in the treatment equation.

The main challenge empirically is to find valid instruments. However, the age difference
between household head and spouse, farm experience, the main information sources
(extension services) access to the tarmacked road and agricultural extension services were
used as instrumental variables. The extension services might have effect on the usage
decisions of CSA-practises but is hardly expected to influence the outcomes such as

HDDS/AEU as an indicator of household food security. Different studies on usage and
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impact of practises have utilised information from extension services as an instrument

variable (i.e. Khonje et al., 2018; Di Falco and Bulte, 2011).

5.3.4 Measuring food security (outcome variables)

Household dietary diversity score per adult equivalent unit (HDDS/AEU) was used as an
indicator of food security to evaluate the impact of CSA-practises on household food
security. The household dietary diversity score per adult equivalent unit is suggested to be
a suitable measure in assessing diets quality and nutritional adequacy at household level

(Assenga et al., 2016; Kinabo, et al., 2016).

The HDDS/AEU was computed by aggregating food varieties that households reported
consuming over the previous 24 hours as suggested in other studies (Mbwana et al., 2016;
Kinabo et al., 2016). The households indicated whether they consumed one of the food
items within a particular food group in the previous 24 hours. If the household indicated
YES, the household received a value of one score and zero for NO response. The list
included 12 food groups, namely: cereals, white tubers and roots, vegetables, fruits, meat,
eggs, fish and other seafood, legumes and nuts, milk and milk products, oil and fats,

sweets, and spices condiments/beverages (FAO, 2011).

The scores ranging from 1-12 were summed up as HDDS. Greater dietary diversity scores
are suggested to be associated with better food security adequacy. The adult equivalent
scale is commonly used in household consumption analysis because it is more meaningful
in expressing food consumption profiles in households with different size and composition
by age and sex. This study employed the adult equivalent scale constant for East Africa
standards (Massawe, 2016) to compute households of different sizes with members of

different sex and age groupings. An adult equivalent unit was assigned to each household
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member by multiplying each age category by a respective adult equivalent scale with
respect to the gender of each household member. The fact that households with different
sizes have a different requirement in terms of resources, the sum of adult equivalent was

adjusted based on the economies of scale constants.

5.3.5 Variables and data description

Organic manure, drought-tolerant maize seeds and irrigation are the CSA-practises
considered in this study as they help to protect the environment and to reduce both the
impacts of climate change on agricultural systems (adaptation) and the contribution of the
agricultural practises to greenhouse gases (GHG) emissions (mitigation) (Shirsath et al.,
2017). The study examined the determinants of the usage of combinations of CSA-

practises before evaluating its effect on household food security.

The different combinations of the three CSA-practises were used as dependent variables as
shown in Table 5-1. The organic manure, drought-tolerant maize seeds and irrigation were
denoted asO,, D, and I, respectively. Several explanatory variables such as the age of the
head of the household, gender of the head of the household, education level of head the
household, education level of the spouse, production diversity, income diversity,
household size, access to extension services, asset, household expenditure locations and

plot size were specified in the model.

The study hypothesized that household head age and sex significantly influence the usage
of CSA-practises either in isolation or in a combination (Khonje et al., 2018). Similarly,
farming household economic status such as asset ownership, household expenditure and

their resource endowment such as land size have a positive association with the usage of
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CSA-practises (Deressa et al., 2011). In addition, farming households which use CSA-

practises differ based on their locations such those located (Taneja et al., 2014).

54  Results

5.4.1 Descriptive statistics

CSA-practises might be used in a wide range of different combinations, and this has
implication on household’s food security status. Given the set of available combinations,
understanding what motivates an individual to select specific combinations is important
for policy direction. Table 1 presents different combinations. The results show that,
18.02% of the farming households were nonusers of any CSA combinations while 26.8%
of the farming households used the combination OroDt;Ir,. This combination comprised
the use of drought-tolerant maize seeds only. Another 7.21% of the farming households
used the organic manure (Or;Dtolry) while 26.8 and 12.06% used combination of drought-

tolerant maize seeds and irrigation respectively (Or,Dt;lry).

Further, 24.81% of the farming households used a combination of Or;Dt;Ir, that contained
organic manure and drought-tolerant maize seeds practises. Another 6.65% of farming
households used a combination of Or;Dtelr; that contained a combination of organic
manure and irrigation practises. The study found that 2.08% used a combination of
OroDt;Ir; that contained drought tolerant maize seeds and irrigation practises.
Approximately, 2.08% of the farming households used the combination of Or;Dt;Ir, that

contained a combination of all three CSA-practises.
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Table 5.1: Combination of the usage of organic manure, drought tolerant maize

seeds and irrigation

SN  Choices Description Or, Dt, Ir Frequency %ages
1 OroDtolr, Non-users 260 18.02
2 oupun, LT femer oy ves o
s oupun LT we dmaco
4 Or,DiIr, cl,thlfrw;e farmer wuses irrigation; 0 N ™ 19,06
c Or,DtIry ]13 }lf 1\2 Sf?gn:trh ssslsisc;rganic manure and J J 28 2481
6 onbun simee mmenaand
7 OroDtIry ilrriglffltioéil; (gaéﬁll(;f‘wilslze PIMS and v Vv 30 2.08
s onpun bl e cmionn Ly s
Total 1443 100.00

The mean age of sampled farm households surveyed in the study area is 54 in Mbeya and
53 in Songwe regions respectively. These findings agree with the study of
Chavanapoonphol et al. (2005) that found out that Thailand rice farmers were quite old of
average age of 51 years, and also agrees with the study of Nwaru and Onuoha (2010) that
the respondents were a bit old with average age of about 52 and 55 years for smallholder
food crop farmers using credit and those not using credit respectively in Imo State,
Nigeria.  But this disagrees with the findings of Otitoju (2008) which found out that
small and medium-scale soybean farmers in Benue State, Nigeria had average age of about

33 and 39 years respectively.

The findings show that (50%) of household heads in Songwe region were male while 49
% of household head in Mbeya region were male. The findings show that the average
years of attending school were 10 years where by education of the household head from

Mbarali district was on average of 8 years of schooling, Momba district was 4 years, in
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Mbozi 3 years and in Mbeya district was 5 years. The household size in Mbarali was
found to be 7 members while in Momba 4 members, 7 members in Mbozi and 5 members
in Mbeya district. Otitoju and Arene (2010) in their study found the similar results that the
respondents used modern variety of soya- beans have an average household size of 7
people. It was found that the average number of different sources of income was 2.2. In
Mbeya region the average source was 2 same as in Songwe region. This implies that farm
households have income obtained from different sources apart from agriculture. However,
as the majority of the farm households depend mostly on agriculture, having different

sources of income of the farmer does not necessarily helped farmer to use CSA-practices.

5.4.2 Mixed Multinomial Logit Regression Model Results and Discussions

The findings of the mixed multinomial logit model are presented in Table 2. The findings
showed the different variables that determine the usage of single or combination CSA-
practises where the non-user of any of the CSA-practises (Or,Dtolry) was taken as base
category. The model fits the data with the Wald test, Wald x> (186) = 1890.39; p > x* =
0.000 which implies that the null hypothesis that all the regression coefficients are jointly

equal to zero should be rejected.

5.4.3 Determinants of using CSA-practises

This section presents the determinants of using organic manure, drought-tolerant maize
seeds and irrigation, either in isolation or in combination. The results of the mixed
multinomial logit model which identified the main determinants of the usage of CSA-
practises either in isolation or in combination or in isolation are presented in Table 5.2. As
explained before, the valid instruments such as the age difference between household head
and spouse, farm experience, the main information sources (access to extension services)

access to tarmacked road and access to agricultural extension services were included in the



171

selection equation but not in the outcome equation. Similar to Beyene (2017), the study
use as selection instruments in the food security functions the variables related to past
experience such as household characteristics (age difference between the household head
and spouse and farm experience) and the main information sources (access to extension

services).

Results in Table 5.2 show that gender of the household head has negatively related with
the usage of irrigation in isolation (OroDtolr;). This means that female headed households
were more likely to use of irrigation in isolation (OroDtolr;) by 1.7181 units at 5%
significant level relative to non-use of CSA-practices (OroDtolrg) compared to male
household head. Use of irrigation practise by female headed households can support them
to generate income through higher-value produce and cultivate varieties of horticultural
crops for home consumption, hence improve household dietary diversity. The result was
contrary to the results of Wekesa (2017), which found that male-headed household used

CSA-practises compared to female-headed households in Kenya.

The results show that age has a significant negative effect in using a combination of
organic manure, drought-tolerant maize seeds and irrigation (Or;Dt;Ir;) at the household
level usage decision. This indicates that a unit increase of the household head by one unit
lead to decrease likelihood of using combination of Or;Dt;Ir; by 0.0298 units at 5 %
significant level relative to non-use of CSA-practices (Or,Dtolro). This implies that,
younger farming household heads in the study area are more likely to use a combination of
organic manure, drought-tolerant maize seeds and irrigation (Or;Dt;Ir;) than older
household heads. It might be that older household heads are more risk-averse than younger
farming household heads and they are less willing to gather information about CSA-

practises. However, in some cases, older farming household heads may have more
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experience in farming, hence are more likely to use the CSA-practises. Similar results

were found by Beyene (2017), Di Falco and Verona (2013), Teklewold et al. (2013) but

contrary to the findings of Kassie et al. (2015)

who find that age have a positive effect on the usage of Sustainable Agricultural Practises

(SAPs).

Table 5.2: Parameter estimates of the mixed multinomial logit model

Variables Ol"lDtoIl"o 01"th111"0 Ol"thoIl"l OrlDt1Il‘o Ol"th1Il"1 01"1DtoIr1 01"1Dt111"1
Production diversity -1.3426%** 0.1962 -0.9502 -0.4034 -0.3987 -1.4869 -1.3060%***
(0.5414) (0.8937) (1.1554) (0.6070) (0.4949) (1.1295) (0.5063)
Gender of the household
head -0.6629 0.2997  -1.7181** -0.1635 -0.7889 -0.1431 0.1187
(0.5237) (0.8611) (0.7255) (0.6117) (0.5605) (0.8345) (0.5174)
Age of the Household
head 0.0094 -0.0158 0.0104 -0.0150 -0.0186 -0.0153  -0.0298**
(0.0132) (0.0270) (0.0243) (0.0152) (0.0126) (0.0304) (0.0129)
Marital status of the
household head -0.2348 -0.4191 0.6465 0.5337 1.0051* 2.2525%%* 0.2841
(0.5123) (0.7437) (0.5938) (0.5845) (0.5619) (1.1269) (0.5038)
Occupation 0.1428 -0.1449 -0.7055 0.2026 0.0496 -0.5757 0.2014
(0.1937) (0.3075) (0.5243) (0.2202) (0.1852) (0.4255) (0.1841)
Education of the
household head -0.0449 -0.0006 -0.0396 -0.0675 -0.0243  -0.1937%*** -0.0585
(0.0517) (0.0885) (0.1156) (0.0615) (0.0530) (0.0747) (0.0519)
Education of the spouse 0.0742 0.0815 0.1278 0.2267 0.1412 0.2001 0.2527*%*
(0.1253) (0.2601) (0.2109) (0.1430) (0.1257) (0.1906) (0.1277)
Household size 0.0892 0.0954 0.1457 0.0496 0.1241** 0.1158 0.1089*
(0.0648) (0.0922) (0.1164) (0.0689) (0.0632) (0.1154) (0.0614)
Tropical livestock Unit 0.0089 -0.0140 0.0249 0.0276 0.0220 0.1215 -0.0129
(0.0824) (0.0866) (0.1020) (0.0852) (0.0788) (0.0950) (0.0796)
Total plot size -0.0304 0.0359  0.0675%** 0.0495%** 0.0329 0.0203 0.0516**
(0.0285) (0.0302) (0.0252) (0.0244) (0.0226) (0.0451) (0.0221)
Plot ownership -1.2965%*%  _1,7524%%* -0.6741 -0.3657  -1.2289%%** -0.0183 -0.4528
(0.3521) (0.5420) (0.7081) (0.4578) (0.3593) (0.7199) (0.3494)
Land title 0.2836 0.2672 0.2762 -0.0348 0.1176 -0.0139 -0.0793
(0.4358) (0.4365) (0.4360) (0.5616) (0.4333) (0.8041) (0.4321)
Log of asset 0.3840*** 0.2145 0.1934 0.2482** 0.2561%** 0.3259  0.5120%**
(0.1123) (0.1779) (0.2295) (0.1200) (0.1047) (0.2146) (0.1033)
Soil fertility 0.3817 0.0244 0.1750 0.6757** 0.3995* 0.2353 0.4230%*
(0.2414) (0.4149) (0.5156) (0.2792) (0.2332) (0.4337) (0.2292)
Soil erosion -0.0979 0.3915 -0.0062 0.1316 0.0803 0.3512 0.3370
(0.2744) (0.4319) (0.5691) (0.3047) (0.2630) (0.4428) (0.2563)
Access to loan 0.8603** -0.1258 -0.0532  1.2705%** 0.8653** -0.2504 0.6204*
(0.3434) (0.6065) (0.7365) (0.3661) (0.3458) (0.7299) (0.3307)
Region dummy 0.2162 -0.3531 -1.1488*  -0.7991**  1.3049*** -0.7875 0.3159
(0.2872) (0.4131) (0.6025) (0.3365) (0.2767) (0.4866) (0.2651)
Age difference -0.0144 0.0254 -0.0073 0.0091 0.0165 0.0444 0.0127
(0.0146) (0.0177) (0.0231) (0.0161) (0.0152) (0.0472) (0.0142)
Farm experience 0.0022 0.0456%** -0.0039 0.0152 0.0087 -0.0056 0.0225*
(0.0126) (0.0225) (0.0239) (0.0137) (0.0118) (0.0215) (0.0118)
Average farm distance -0.0105 0.0113 -0.0009  -0.0166** -0.0141* 0.0120 -0.0039
(0.0065) (0.0075) (0.0103) (0.0084) (0.0075) (0.0107) (0.0061)
Access to extension 0.2172 0.9698* -0.1903 0.4647 0.1762 -0.5242 0.7720**
(0.3728) (0.5455) (0.8157) (0.4116) (0.3448) (0.8770) (0.3367)
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Distance to extension

office -0.0094** 0.0002  -0.0209%* -0.0176%** -0.0256***  -0.0226** -0.0354%**
(0.0038)  (0.0052)  (0.0100)  (0.0044)  (0.0041)  (0.0096)  (0.0040)
Access to tarmac road 0.0010 -0.0036 0.0011 -0.0009 0.0014 -0.0015 0.0009
(0.0017)  (0.0043)  (0.0017)  (0.0023)  (0.0017)  (0.0045)  (0.0017)
Constant -2.8306 -4.5114 2.1100  -3.7509%* 21926  -5.4589% -5.3263%**
(1.7307)  (2.8564)  (3.3451)  (1.8333)  (L.6097)  (3.1843)  (1.5886)

The study found a positive effect of land ownership on the usage of organic manure
(Or;Dtolry), drought-tolerant maize seeds (OroDt;Iry) and combination of drought-tolerant
maize seeds and irrigation (Or,Dt;Ir;). Farming households which owned land were less
likely to use a combination drought-tolerant maize seeds and irrigation (Or,Dt;Ir;) by
1.2965 units at 1 % significant level. Furthermore, land owners are less likely to use a
combination of drought-tolerant maize seeds and irrigation (Or,Dt;Ir,) by 1.2289 units at 1
% significant level. Finally, land owners are less like to use drought tolerant maize seeds
(OrDtylIrg) by 1.7524 units at 1 % significant level. This is because the land renters are
less likely to apply new practises on rented plots because of the absence of security of
tenure in the farm. Similar result was found Maguza-Tembo et al. (2017), who found that
land renters are less likely to apply new practises because of the lack of security of tenure
in the farm. The result, however, is inconsistent with the findings of Tran et al. (2019)
whose findings show that land ownership was found to be significant and had positive

influence in the usage of CSA packages in Vietnam.

The study found that marital status of the household head was positively related with the
usage of drought tolerant maize seed and irrigation in combination (Or,Dt;Ir;). This means
that marriage headed households were more likely to use the combination of maize
tolerant maize seeds by 1.0051 units at 5% significant level relative to non-use of CSA-
practices (OroDtolry) compared to single household head. In addition, the study found that
marital status of the household head positively related with the usage of combination of
organic manure and irrigation. Thus, marriage households are also likely to have more

labour so they are likely use practices which are labour intensive compare to single
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households. These results agrees with the findings of Tambo and Abdoulaye (2012) in

their study of adoption of drought tolerant maize in northern Nigeria.

The study found a positive and significant relationship between the household size and the
usage of a combination of drought-tolerant maize seeds and irrigation (OroDtiIr;). This
means that a unit increase of the household size is likely to increase the usage of
combination of Or,Dt;Ir; by 0.1241 units at 5 % significant level. In addition, units
increase of household size increase the probability of using the combination of organic
manure, drought-tolerant maize seeds and irrigation (Or;Dt;Ir;) by 0.1089 units at 10 %
significant level. This is due to the fact that application of organic manure, operation of
irrigation activities in the farms and planting of drought-tolerant maize seeds which
require a specific spacing are labour-intensive and hence positively associated with
household size. The result is consistent with the findings of Kassie et al. (2015) whose
findings show that farming households with large household size are likely to use crop

rotation in Tanzania.

Surprisingly, the study found a negative and significant effect of education on the usage of
a combination of organic manure and irrigation (Or;DtoIr;). The study found that one more
year of education decrease the probability of using the combination of organic manure and
irrigation (Or;Dtolr;) by 0.1937 units at 1% significance level. This is because the
educated farming household heads might spend part of their time on off-farm activities
and have less time to spend on the farm. This makes the opportunity cost of working on
farm higher for the educated household heads. Kassie et al. (2012) found the same result
in his study of the usage of cereal-legume in Tanzania. However, it is expected that the

more educated the household heads are, the more innovative they are and able to access
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and understand information, hence, increasing the likelihood of using CSA-practises (Gido

et al., 2015).

The study found a negative effect of land ownership on the usage of organic manure
(Or:Dtolry), drought-tolerant maize seeds (Or,DtIry) and combination of drought-tolerant
maize seeds and irrigation (OroDt;Ir;). Farming households which owned land were less
likely to use a combination drought-tolerant maize seeds and irrigation (Or,Dt;Ir;) by
1.2965 units at 1 % significant level. Furthermore, land owners are less likely to use a
combination of drought-tolerant maize seeds and irrigation (Or,Dt;Ir;) by 1.2289 units at
1% significant level. Finally, land owners are less like to use drought tolerant maize seeds
(OroDtilrg) by 1.7524 units at 1% significant level. This is because the land renters are
less likely to apply new practises on rented plots because of the absence of security of
tenure in the farm. Similar result was found Maguza-Tembo et al. (2017), who found that
land renters are less likely to apply new practises because of the lack of security of tenure
in the farm. The result, however, is inconsistent with the findings of Tran et al. (2019)
whose findings show that land ownership was found to be significant and had positive

influence in the usage of CSA packages in Vietnam.

Agricultural extension is the system of learning and building the human capital of farmers
by giving information and exposing them to farm practises which can increase agricultural
productivity and food security. The study used access to government and non-government
extension agents, and distance to the nearest agricultural office as proxies for access to
information. The study found that farming households with access to agricultural
extension services were more likely to use drought-tolerant maize seeds (OroDt;lr;) by
0.9698 units at 10% significant level. The use of DTMS is mainly due to farm input

subsidy programme which has over the years disseminated DTMS. The DTMS has been
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an integral component in the government subsidy package and this has made it easy for
farming households to access and use the seeds. In addition, farming household exposure

to drought respond by using risk reducing practices such as drought tolerant maize seeds.

Furthermore, the agricultural extension services were found to be significant at 5%
significant level and positively correlated with the combination of organic manure,
drought-tolerant maize seeds and irrigation (Or1Dt1Ir1l). The positive relationship implies
that farming households with access to agriculture extension service may get the courage
to use and continuously apply CSA-practises. Similar results were found by studies
conducted by Solomon et al. (2011), Namwata et al. (2010); Odoemenem and Obinne
(2010) and Matata et al. (2010) which found farming households which are frequently
visited by extension officer use agricultural practises compare to farming households with
no access to extension visits. This finding is contrary to Gebremariam and Wiinscher,
(2016) who noted that agriculture extension service is negative and statistically significant
with the usage of cereal-legume diversification only. However, Bamire et al. (2002)
argued that, farming households with few extension visits are less likely to use agricultural

practices compare to their counterparts.

The distance to an agricultural extension office is negative and significant to all
combination expect the usage of drought tolerant maize seed suggesting that farmer-
proximity to an agricultural extension office increases the propensity to use CSA-practises
in isolation and in combination. The intuition drawn from such a finding is that formal
ways of promoting the using CSA-practises such as through a government extension
system are quite relevant. Indeed, longer distances are associated with higher
transportation costs, especially in developing countries such as Tanzania where rural

transport infrastructures are poorly developed.
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Access to credit was important in influencing usage of the four combinations of CSA-
practises under consideration in this study. The study found that households whose heads
had access to credit had 0.8603 units at 5% significant level higher chance to use organic
manure in isolation (Or;Dtolry), than the household heads with no access to credit.
Households with access to credit were more likely to use a combination of organic manure
and drought-tolerant maize seeds (Or;DtiIro) by 1.2705 units at 1% significant level.
Furthermore, the study found that households whose heads had access to credit had higher
chance to use a combination of drought-tolerant maize seeds and irrigation (OroDt;Ir,) than
their household heads with no access to credit by 0.8653 units at 5% significant level.
Finally farming households whose heads had access to credit had higher chance to use a
combination of organic manure, drought-tolerant maize seeds and irrigation (Or;DtIr;)
than the farming households with no access to credits by 0.6204 units at 10% significant
level. Positive correlation between access to credit and usage of agricultural practices was

also noted by Ogada et al. (2014).

As expected, the distance of farm from homestead has a negative and significant effect on
usage of the combination of organic manure and drought tolerant maize seeds (Or;Dt;lr)
and the combination of drought tolerant maize seeds and irrigation (OroDt;Ir;). The study
found that a household which is one minute closer to the farm/plot had higher chance of
using a combination of organic manure and drought-tolerant maize seed at 0.0166 units at
5% significant level. In addition, the study found that one minute close to the farm/plot
increase the probability of using a combination of drought-tolerant maize seeds and
irrigation by 0.0141 units at 10% significant level. The negative relationship implies that
farmers may feel tired by the time they get to the farm or may have to spend extra money

to commute from the house to the farm field, hence led to not to use the practises. Similar
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result was found by Gebremariam and Wiinscher (2016) who concluded that, the farm
distance from homestead has a negative and significant effect on the usage of the
comprehensive package of sustainable agricultural practises. Region dummies included in
the models are found to be highly statistically significant (the point of reference is the

Mbeya region).

The coefficient for region dummy was found to be negative sign and statistically
significant for the usage of irrigation (Or,Dtolr;) and the combination of organic manure
and drought-tolerant maize seeds (Or;Dt;Iry). The study found that farming households
from Songwe region are less likely to use irrigation as a CSA-practise (Or,Dtolry) by 1.15
units at 10 % significant level. This is due to the availability of few irrigation schemes in
Songwe Region compare to number of irrigation schemes in Mbeya Region such as
Madibila, Kongolo Mswisi, Kapunga irrigation scheme just to mention a few. In addition,
the study found that farming households from Songwe Region were less like to use a
combination of organic manure and drought-tolerant maize seeds. This indicates that
Mbeya Region may have been targeted more than Songwe Region by agricultural
interventions and extension services. The finding is similar to the study by Kassie et al.
(2012) in Tanzania who found that district dummy for Arumeru, Babati, and Kondoa were
statistically significant and negatively correlated with the usage of improved maize

varieties.

Plot size was found to be significantly at 1% is positively influence the usage of irrigation
(Or0Dt0Ir1) in isolation and significant at 5% level positively associated with the adoption
of the combination of organic manure and drought tolerant maize seeds (Or1Dt1Ir0).
Furthermore, plot size was found to be significant at and positively associated with the

usage of the combination of organic manure, drought-tolerant maize seeds and irrigation
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(Or1Dtl1Irl). This implies that farming households with larger plot sizes are usually
practice commercial farming and will usually adopt agricultural technologies such as CSA
for profit maximization. This result is different from the study conducted by Lunduka et
al. (2012), which reported a farm size is negative and significant effects of farmland

holdings and opened pollinated variety of maize in Malawi.

Household assets were found to be one of the important determinants in the usage of CSA-
practises. It is found that household’s asset holding is positively and significantly
correlated with the usage of organic manure (Or;Dtolry), organic manure with drought-
tolerant maize seeds (Or;DtiIr,), drought-tolerant maize seeds with irrigation (OroDt;lry)
and organic manure with drought-tolerant maize seeds and irrigation (Or;Dt;Ir;). The
livestock holding (TLU) was another asset considered but the study did not find its

significant impact on the usage of CSA-practises, either in combination or in isolation.

5.6.4 Estimation of the treatment effects

The estimates of the impact of CSA-practises used in isolation and in combination on
household dietary diversity per adult equivalent units (HDDS/AEU) as an indicator of
food security were presented on Table 5.3. Remarkably, the study found that majority of
the CSA-practises have a positive effect on HDDS /AEU, both when used in isolation and
in combination (with the exception of the impact of organic manure (Or;Dtlry) in
isolation). Generally, CSA-practises used as combination had shown a strong and positive
impact HDDS/AEU compared to practises used in isolation. Additionally, some of the
factor loadings show evidence of negative selection bias, suggesting that unobserved
characteristics that increase the probability of using CSA-practises are allied with lower
levels of welfare than those expected under random assignment to the CSA-practises

usage status. Positive selection bias is also evident in the outcome equation, suggesting
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that unobserved variables increasing the likelihood of using organic manure (Or;Dtolr),
drought-tolerant maize seeds and irrigation (OroDt;lIr;), organic manure and irrigation
(Or:Dtolry) and organic manure, drought-tolerant maize seeds and irrigation (Or;Dt;Ir,) are

associated with higher HDDS/AEU.

The study found that farm households that used organic manure (Or;Dtlr;) alone was
negatively impact HDDS/AEU at 10% significant level. The usage of organic manure in
isolation decreases the HDDS/AEU by 7.35% in comparison with non-user (Or,Dtolro).
Similar result was found by Martey (2018) in Ghana, who found that usage of organic
fertilizer significantly decreases household food expenditure by US$174. However, when
organic manure is used with drought-tolerant maize seeds (OroDt;Iry), the HDDS per AEU
increase to 19.14%. In addition, when organic manure is used with irrigation, again the

HDDS/AEU increased to 24.15%.

The usage of drought-tolerant maize seeds (OroDtilry) and irrigation (OroDtolr;) in
isolation were found to have positive and insignificant impact on HDDS/AEU. Sileshi et
al. (2018) found a similar result that, the usage of soil and water conservation
positively and significantly increased the per capita food consumption expenditure. In
addition, the study found that the usage of soil and water conservation increases
significantly the probability of farming household being food insecure. Khonje et al.
(2015) found the drought tolerant maize seed to have the strongest impact when used in
isolation than when it is implemented with any other SAPs in Zambia. However, when
drought-tolerant maize seeds (OroDt;lIry) are used in combination with organic manure,
there was positive and significant impact HDDS/AEU. The combination of drought-
tolerant maize seeds with irrigation also had positive and significant impact HDDS/AEU.

The usage of drought-tolerant maize seed in combination with organic manure leads to
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increase HDDS/AEU by 19.14%. It is somewhat lower compare to the impact of drought-
tolerant maize seed found elsewhere. For example, Khonje et al. (2015) and Mutenje, et
al. (2016) found a 90% and 24.6% impacts of improved maize varieties in Zambia and
Malawi, respectively. The usage of the combination of drought-tolerant maize seeds with

irrigation was found to increase HDDS/AEU by 25.25%.

Interestingly, the study found a 20.27% impact on HDDS/AEU when organic manure,
drought-tolerant maize seeds and irrigation (Or;Dt;Ir;) were used in combination. This
implies that usage of a combination of CSA-practises (organic manure, drought-tolerant
maize seeds and irrigation) provide a higher payoff than the usage of these practises in
isolation. Therefore, the finding verifies the complementarity of the CSA-practises and

their synergetic effect.

Besides, the usage of a combination of drought-tolerant maize seeds and Irrigation
(OroDtilIry) gave higher payoff than the combination of all three CSA-practises. This is
similar to the study by Beyene (2017), which found that a combination of two strategies
(intercropping and tree planting) yielded a better return than the usage of three strategies
in rural Ethiopia. Mutenje et al. (2016) in Malawi also reported that usage of a
combination of drought tolerant maize seeds and improved storage facilities gave the
highest payoff than when the combination of all three practises they considered in their
study (drought tolerant maize seeds, improved storage facilities, and soil and water
conservation). The similarities between these findings and earlier studies could be due to

the reason that the agro-ecological between our study area and the other studies.

Although, according to the multinomial nature of modelling in this study, it is not possible

to elicit the real complementarity effects figure of the CSA-practise considered among
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each other. One can reveal that there is a strong complementary effect among the CSA-
practises used in this study. For example, usage of organic manure and drought-tolerant
seeds lead to a -7.35 and 3.37 % increase of HDDS/AEU when used in isolation. But
when they are used together, the marginal effect increases to 0.1914%. This shows that
there is a strong complementary effect, more than even their individual arithmetic
summations (-7.35% +3.37%= -3.98%). The same applies when the drought-tolerant
maize seed and irrigation are used in isolation; lead to increase HDDS/AEU by 3.37 and
1.74 % respectively. But when they are used in combination, the HDDS/AEU increased to
25.25%. Again, this shows a complementary effect, more than the individual arithmetic

summations (3.37% +1.74%=5.11%).

Table 5.3: Multinomial endogenous treatment affects model estimates of CSA-practises

impacts on Household Dietary Diversity per adult equivalent unit

Climate Smart Agriculture Practises HDDS/AEU Standard errors
Organic manure (Or;Dtolr,) -0.0735* 0.0412
DTMS (OrDt;Iry) 0.0337 0.0718
Irrigation (OrDtolry) 0.0174 0.0778
Organic manure and DTMS (Or;Dt;Ir) 0.1914*** 0.0462
DTMS and Irrigation (OroDt;Ir,) 0.2525%** 0.0609
Organic Manure and Irrigation (Or;Dtolr;) 0.241 5% 0.0653
Organic manure, DTMS and Irrigation

(Or:DtyIry) 0.2027*** 0.0424
Selection terms

Organic manure (Or;Dtolr,) 0.1095%** 0.0119
Drought Tolerant Maize seed (OroDt;Iro) 0.0882*** 0.0151
Irrigation (OrDtolry) 0.0288** 0.0118
Organic manure and DTMS (Or;Dt;Iro) -0.0469%** 0.0095
DTMS and Irrigation (Or,Dt;lry) -0.1486%** 0.0238
Organic Manure and Irrigation (Or;Dtolr;) -0.0757%** 0.0151
Organic manure, DTMS and Irrigation

(Or:DtyIry) -0.0691*** 0.0190

5.4.5. Exclusion restriction

The economic theory and empirical studies were used for the selection of the exclusion
restriction. Earlier studies such as Di Falco et al. (2011), Shiferaw et al. (2014) and

Khonje et al. (2015) used variables such as extension service, farmer-to-farmer extension,
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radio information, market and climate information and distance to inputs as exclusion
restrictions. In this study the age differences between household head and spouse, farming
experience, plot distance from resident, extension visit and the distance to the extension
office to the farmers’ residents were used. For example, extension service is considered as
the primary source of knowledge and information about new and improved practises for
farmers, especially when the cost of information and knowledge is prohibitive (e.g.

Genius et al., 2014; Krishnan and Patnam, 2014).

In addition to its role in developing skills and knowledge of farmers to use new and
improved practises, an extension could play a vital role in the facilitation of linkages with
other institutional support services such as input supply, output marketing, and credit.
Second, development or extension agents are usually assigned at the administrative level
and their assignment is less likely to be influenced by households’ behaviour. Besides, the
presence of the extension agent in the village or community is determined outside the
farmer’s improved storage practise use decision (Kadjo et al., 2013). A falsification test
for admissibility of the exclusion restriction following Di Falco et al. (2011) confirms that
it is a possible selection instrument, since the variable is significantly correlated with
CSA-practises at less than 1% level, but not correlated with the outcomes for non-user
households. Additional tests for the exclusion instrument were conducted as shown in
Table 5.4.

Table 5.4: Tests for the exclusion restriction

Test Null hypothesis/Test type Test results

Durbin test Exclusion instrument is exogenous F=0.268607, p = 0.6043
Wu—Hausman test Exclusion instrument is exogenous F =0. 264908, p = 0.6068
Anderson canonical

. . Under identification LM=125.301, p = 0.000
correlation statistic

Cragg-Donald statistic Under identification x2=7.844, p = 0.0975
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The result from Durbin and Wu-Hausman (DWH) tests for exogeniety of
the selection instrument were found to be highly insignificant while the Wooldridge’s
(2010) score test of exogeniety, which can tolerate heteroskedastic errors also fails to
reject the null hypothesis of exogeneity. The study computed the Anderson canonical
correlation statistic (Baum et al., 2007) to test for identification of the model. The test
rejects the null hypothesis of under identification of the model at less than 1% and justifies
that the excluded instrument is relevant. The robustness of the results was checked by
estimating the Cragg-Donald chi-square statistic which also rejects the null of weak
identification at less than 1% level of significance. Furthermore, the study assessed the
weak instrument robust inference using the Anderson—Rubin’s test (Baum et al., 2007),

which also confirmed the validity of the selection instrument.

5.5  Conclusion and Policy Implications

This study examines the determinants of usage of CSA-practises in isolation or in
combination and its impact on food security. Cross-sectional data collected in the
Southern Highlands of Tanzania (Mbeya and Songwe region) were used for the empirical
analysis. The determinants of CSA- practises used and the various factors affecting food
security in each regime were identified using a multinomial endogenous treatment effect
model. Through this model, the heterogeneity in the decision to use a combination of
CSA-practises as opposed to individual usage were taken into account as well as

unobserved characteristics of the farming household.

Findings show that there are various variables which are important in influencing usage of
CSA-practises, either in isolation or in combination. Household characteristics are
important in the decision to use CSA-practises. For example, spouse education, the size

household, gender of the head of the household, age of the head of the household and farm
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experience have shown the different effects on the probability of using CSA-practises
considered in this study. The findings show that loan acquisition and agricultural
extension services were positively associated with some, but not all, of the combination of

CSA-practises.

Household assets were found to be one of the important determinants in the usage of CSA-
practises. The study found that household asset holding is positively and significantly
correlated with the usage of organic manure (Or,Dtolry), organic manure with drought-
tolerant maize seeds (Or;Dt;Ir,), drought tolerant-maize seeds with irrigation (OroDt;lry)
and organic manure with drought-tolerant maize seeds and irrigation (Or;Dt;Iry). Plot
characteristic such as the distance of the plot, total plot size and soil fertility of the

cultivated plots also show different effects on the probability of using CSA-practises.

Policy-makers and other agriculture stakeholders may use the information to influence the
usage of different CSA-practises. Results from this study generally show that CSA-
practises have a positive and significant effect on household dietary diversity score per
adult equivalent unit. The package that contains combination of drought-tolerant maize
seeds and Irrigation (OroDt;Ir,) gave the higher payoff than the combination of all three
CSA-practises. This implies that future interventions that aim to increase agricultural
productivity and enhance household dietary diversity score per adult equivalent unit as an
indicator of food security should combine use of drought-tolerant maize seeds and

irrigation with other best CSA-practises that enhance agronomic practises.
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Abstract

The object of this study was to examine the impact of using irrigation as a climate-smart
agriculture practises (CSA-practises) on household food security in Mbeya and Songwe
Regions in Tanzania. The endogenous switching regression model was applied to control
for the self-select bias problem. A cross-sectional study design was applied to collect
information from a sample of 1443 farming households in Mbeya and Songwe Regions in
Tanzania. The objective of the study was to evaluate the impact of irrigation as CSA-
practise on household food security. The study found that radio ownership, education of
the household head, farm experience, production diversity and livestock ownership were
the determinants of using irrigation in the study area. Additionally, the average treatment
effect of the treated (ATT) and the average treatment effect of untreated (ATU) were
positive and highly significant for both irrigator and non-irrigator farming households.
This implies that the use of irrigation as a CSA-practise has a positive impact on
household food security. The study recommended policymakers to consider rehabilitating
the existing irrigation schemes and constructing new schemes to widen the impacts of
irrigation to household food security. However, despite the positive impact of irrigation,
the study recommended the use of other irrigation practises such as drip irrigation,
sprinkler irrigation in the areas where construction of small-scale irrigation is not possible.
The study used cross-sectional data which has some limitations. Therefore, the use of
panel data in future studies may give results that are more robust.

Keywords: Food security, Impact, Irrigation, Climate change

6.1  Background of the Study
In the last few decades, global communities have been working hard to reduce food
insecurity and poverty challenges (FAO, 2017). Despite the global increase in food crop

production but 821 million people worldwide were found food insecure in 2018 and their
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livelihood depend on agriculture (FAO, 2019; Capone et al., 2014). It is reported that the
climate change can threaten food production, food accessibility, food utilization and food
price stability if the local temperature increases by 2°C or above (Ochieng, 2018, FAO,
2014; TPCC, 2014). In addition, it is projected that in arid and semi-arid countries, if the
temperatures rise by 1%, the irrigation demand is likely to increase by 10 % (IFAD,

2007).

Farming households which are more vulnerable to climate change are those from tropic
and semi-tropic regions, because they have fewer adaptation strategies, compared to the
temperate regions (Brown & Funk, 2008). Apart from the problem of climate change,
tropic and semi-tropic regions are facing challenges on soil infertility, increased soil
degradation and increasing population, which cause food insecurity (Oldeman et al. 1990;
Godfray et al. 2010). Likewise, the climate change impacts on agricultural production and
food supply are controlled by the climate-induced soil degradation, drought and heat stress
at the flowering stage, while the extraordinary seasonal heat can worsen future food

security (Miao et al., 2011).

In Tanzania, the frequency of dry spell and rising in temperature is likely to increase and
the country is one of the thirteen countries worldwide, affected by the climate change
(Nyasimi et al., 2014). The annual temperature has increased by 1.0°C, while the annual
rainfall has decreased by 2.8 mm per month per decade since the early 1960s (Chambura
and Macgregor, 2009). In addition, the forecasts of climate change designate that the mean
daily temperatures will increase 3 to 5°C and by the year 2050, the mean annual
temperature is predicted to increase by 2 to 4°C (Chambura and Macgregor, 2009). The

increase in temperature is expected to increase drought, especially in the dry seasons,
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resulting to evapotranspiration, hence depletion of plant-available soil moisture (Zeleke

and Aberra, 2014).

The climate change and variability are predicted to affect agriculture productivity and
household food security, especially to developing countries, Tanzania inclusive
(Nyasimi et al., 2017). Food and Agricultural Organization (FAO) defined food security
as ‘‘situation that exists when all people, at all times, have physical, social, and economic
access to sufficient, safe, and nutritious food that meets their dietary needs and food
preferences for an active and healthy life” (FAO, 2010a). FAO explained that, to
overcome the effect of climate change on agriculture, using CSA-practises can help
farming households to improve agricultural productivity and ultimately resulting in higher
household food security (FAO, 2010a). Some of CSA-practises involved water
management improvement through use of small scale irrigation, use of drought-tolerant

seeds, use of conservation agriculture among others (Mango et al., 2018).

The use of CSA-practises that will enable farming households to increase farm
productivity, achieve climate resilience, improve food security, nutrition, and income and
achieve other developmental goals is therefore key (FAO, 2010a). According to Lipper et
al. (2014), CSA may be defined as an approach for transforming and reorienting
agricultural development under the new realities of climate change. Food and Agriculture
Organization (FAO) provided a commonly used definition which defines “CSA as
agriculture that sustainably increases productivity, enhances resilience (adaptation),
reduces/removes greenhouse gases (mitigation) where possible, and enhances achievement

of national food security and development goals”.
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In this definition, the principal goal of CSA is identified as food security and development
while productivity, adaptation, and mitigation are identified as the three interlinked pillars
necessary for achieving this goal (FAO, 2010b). This study examined the determinants of
using irrigation, one of CSA-practises and its implication on farming households in
Southern Highlands of Mbeya and Songwe in Tanzania. Woldeab (2003), defined
“irrigation as an artificial application of water to soil for the purpose of supplying the
moisture essential in the plant root zone to prevent stress that may case reduced yield or

poor quality of harvest crops™.

In Tanzania, the agriculture sector continues to be driven by rain-fed practises, resulting in
low agricultural productivity and food security problems (URT, 2010). Available data
show that, the suitable land for agriculture production is about 44 million hectares of
which about 29.4 million hectares are potential for irrigation agriculture (URT, 2012).
Among the land potential land for irrigation about 2.3 million hectares are characterized as
high potential, 4.8 million hectares as medium potential while 22.3 million hectares are
characterized as low potential; however, only 1.6 % of the potential land have been
developed for irrigation agriculture (URT, 2012). To improve irrigation agriculture in the
country , a three-year strategic plan have been developed, aiming at increasing the area
under irrigation from 111,000 hectare to 572,326 hectare by the year 2018 (Mwongera et
al., 2017). This could decrease the effectof climate change through increased agriculture
productivity and income; hence, improve food security at household level and at the nation
level. The expansion of irrigable land is vital, as agriculture is the main source of
livelihood. Agriculture contributes to about 25 % of Gross Domestic Product, 30 per cent
of export earnings and about 75 % of labour force comes from agriculture sector (URT,

2016).
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The government of Tanzania has been working hard to improve the potential area for
irrigation, but food security prevalence is still high, with statistics showing 34.7 % of
children below five years are stunted (short of their age), 14 % are underweight (thin for
their age) and 5 % are wasted (thin for their weight) (TFNC, 2014). In 2017, the country
ranked the 95" out of 113 countries in the Global Food Security Index, indicating overall
slow progress towards achieving food security target (EIU, 2017). It is reported that 8.3
per cent of all households in Tanzania were classified as having Poor Dietary Intake (PDI)
in 2011 (WFP, 2011). Furthermore, Mbeya and Songwe regions are among the top five
regions with a high supply of food with good number of irrigation infrastructures, such as
Madibira, Kongolo Mswisi, Njalalila, Kapunga irrigation schemes, just to mention a few.
However, statistics from TNFC showed that food insecurity is high in these regions. For
example, in 2016 household dietary diversity score (HDDS) and children dietary diversity
score were 6.18 and 1.74 respectively (Ochieng et al., 2017). In addition, 37.7 per cent of
children aged 0-59 months are stunted, the figure being higher than that of the national

level of 34.7 % (TFNC, 2014).

There are several literatures on the usage and impact of irrigation practise, but the majority
of these literatures have evaluated the impact of using irrigation practise on aggregate
welfare measures (Mnyenyelwa, 2008; Lipton et al. 2003; Magrini and Vigani (2016);
Maestre et al. 2017). However, studies that evaluated the impact of irrigation practise on
the household food security are scarce, especial in the Southern Highlands of Mbeya and
Songwe regions in Tanzania (i.e. Hagos et al. (2017) Bacha et al., 2011; Tesfaye, et al.,
2008). The scarcity is even worse when analysing the use of irrigation practise on
household food security by controlling both observed and unobserved characteristics. This

is because many studies did not control sample selection biases in their evaluations.



206

According to Di Falco et al. (2011), sample selection bias can arise due to systematic
differences in unobserved characteristics between farming households participating in
irrigation and non-participating farming households. For example, highly motivated
farming households are likely to participate in irrigation agriculture and probably they can
be more food secure through having higher food variety score per adult equivalent unit

compared to farming households which are less motivated.

Therefore, if the selection bias caused by unobservable characteristics is not controlled, it
may result into overstated or understated estimates of the impact of using irrigation
practise on household food security (i.e. Food Variety Score per Adult equivalent Unit
(FVS/AEU). Therefore, this knowledge gap is filled by this study by valuating the impact
of using irrigation practise on food security of the farming households using endogenous
switching regression models. This model is suitable for this study as it controls both

observables and unobserved characteristics.

This study can improve the available information regarding the topic and helps to conduct
further interventions in the area of study. The findings of this study can also be used in
guiding policymakers and development planners, who are concerned about irrigation
development for household food security. Moreover, the research findings could be used
as an input for researchers to further knowledge generation in concepts related to irrigation
development and food security. This study explores the potential for irrigation practise as

CSA-practises to impact household food security in Tanzania.
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6.2 Literature Review

6.2.1 The concept of irrigation

Rainfall dependence agriculture under the climate change and variability led to low crop
productivity, household food insecurity (Brown and Funk 2008). The use of irrigation as a
CSA-practise was considered by this study as the appropriate practise, especially during
the dry seasons and areas with unreliable rainfall (Kamwamba-Mtethiwa et al., 2016).
This practise is vital in increasing agriculture productivity/income, improves adptation to
climate change and improves household food security and national developmental goals

(Mango et al., 2018; Akrofi et al., 2019).

Previous studies have revealed that, climate change will lead to changes in yield and area
growth, with overall lower yield growth (Brown and Funk 2008). This will lead to larger
expansion, higher food prices which will result into lower affordability of food, reduced
calorie availability, and growing childhood under nutrition in Africa south of the Sahara.
Irrigation is a particularly robust climate smart agricultural (CSA) practise practise in the
semi-arid and arid areas of SSA and is often essential to the deployment of any other

CSA-practises (Akrofi et al., 2019).

6.2.2 The concept of food security

Different pieces of literature have defined the term food security since the 1960s and
1970s, and the definition has been changed periodically ending up with 200 definitions
including about 450 indicators (Hoddinott, 1999). FAO (2010a) food security is defined as
a ‘‘situation that exists when all people, at all times, have physical, social, and economic
access to sufficient, safe, and nutritious food that meets their dietary needs and food
preferences for an active and healthy life’” According to Capone et al, (2014) food

security has four pillars which includes, food availability, food accessibility, food
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affordability and food stability. Food availability is about the availability of food which
can be obtained through agricultural production, exchange and distribution. Food
accessibility is referred to as the appropriate methods of obtaining food which can be
influenced by affordability, allocation and consumer preference while food utilization is
considered as the proper way of food consumption through consideration of requirements

of human nutrition (Capone et al,. 2014).

6.2.3 Linkages among irrigation and household food security

According to Domenech (2015), irrigation agriculture is vital in improving agriculture
productivity and livelihood of the people, both at household and at the national level. The
food availability, access, utilization, and stability are considered as pillars of food security
are likely to change as a result of increased water availability for crop production and
other uses. Nonvide (2017) argued that the use of irrigation has a direct effect on food
availability as it leads to increased agriculture productivity and changes in cropping
patterns. Staatz, et al. (2009) revealed that through irrigation, there is a possibility of
increasing the food supply as the main role of irrigation is to enhance water control;
therefore, reducing potentially hostile impacts on production from little rain. Furthermore,
irrigation agriculture is important as it can increase food amount to the household through
multiple crop cultivated because of the access to irrigation water and the household can
purchase more food, which they cannot produce on their own. In addition, the income
obtained from the sales of the irrigated crops can improve household food security

(Domenech, 2015).

6.2.4 Theoretical framework
In this study, it is emphasized that farming household which used irrigation practise were

self-selected themselves into irrigation. Therefore, it is difficult to compare the Food
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Variety Score per Adult Equivalent Unit (FVS/AEU) as a food security indicator and
outcome variable for the farming household who use irrigation and non-users because of
selection bias which can be caused by observed and unobserved characteristics of the
farming households (Di Falco et al., 2011). This section explains the theory and methods
used to carry out a counterfactual analysis so as to control for the self-select bias. The
counterfactual analysis is used to estimate the outcome variable (i.e. FVS/AEU) if a

farming household would not use irrigation.

The usage of a certain practise is a function of the benefits obtained from that particular
pracise and that benefit can either improving the outcome or in the utility of the users (Di
Falco et al., 2011). Therefore, the usage decision of the farming household in irrigated
farming is grounded on the utility difference they obtain between the usage of irrigation
and not using irrigation. Therefore, the expected utility theory is the appropriate theory in

this particular study.

Based on this study, using irrigation or not depends on the expected utility of using and
not to use irrigation in crop production. Farming households can use irrigation practise if
the expected utility of using the practise if higher than the expected utility of not using
(Debertin, 2012).

Then, if the expected utility from using irrigation practice is lower than the expected
utility from not using, then the decision of the farming household will be non-user of
irrigation. The utility is assumed to depend on household food security (i.e. FVS/AEU),
but also can be a function of characteristics of the household, plot characteristics and
institutional factors which might affect food security of the household (Di Falco et al.,

2011).
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The objective of any producer (i.e. farming household) is to maximize profit, subject to
production constraints, but profit obtained from production can purchase goods and
services that maximise the utility of the producer (Debertin, 2012). The expected utility
theory based on production choice was used as a theoretical basis for the usage decision of
the farming household in irrigation comparing to the utility of non-user (status quo) with

usage (the new state). In this study, the utility for the status quo is denoted as follows:

UOj:u(Yj,Zj,qO.st) .............................................................................. (D)

The utility for the new state is denoted as:

UU:u(Yj,Zj,qlelj) .............................................................................. 2)

In this model, the farming householdj can use irrigation practise if the utility of using the
irrigation practise exceeds utility of not using.

Ui(Y;,Z,,q €)2Uo(Y 1, Z;,G €0;) woveeeeimieiiiiiii i, (3)
U, indicates the utility function of the farm households without irrigation (status quo), U,
indicates the farming households which irrigate, Y stands for food security indicator
(FVS/AEU), q‘and g' represents the levels alternative of good indexes for farming
households with and without irrigation practise respectively. If g'>g°, then g' refers to
improved food security of the farming household after using irrigation practise. Z; denotes

a vector of exogenous variables.

Assuming the farming households can maximise utility, the decision by farming

household j to use irrigation practise (Irrigation=1) or not using (Irrigation=0) is
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grounded through a comparison of expected utilities of both situations. The difference in

the expected utilities can be expressed by the following decision rule:

1ifE|U}-Uj|Z,]>0
0,ifE|U'-U"|z |<0

Irrigation=
Here, E denote the expectation operator. Farming households have different
characteristics, therefore they also differ in their expected utility levels of both choices.
The vector Z; stands for variables with an effect on the utilities of both choices and how

expectations are formed on these utilities.

6.2.5 Empirical studies on impact of irrigation

Previous studies have shown mixed results of the impact of irrigation as a CSA-practise
on farming households’ welfare. The study conducted by Mnyenyelwa (2008) found that
farming households that used traditional irrigation scheme in Same District in Kilimanjaro
Tanzania had high crop productivity, and they had higher production diversity compared
to non-irrigators. Haji et al., (2013) used matching technique to measure the impact of
Mede Telilasmall-scale irrigation scheme on household poverty. The study found that the
use of irrigation as a CSA- practise reduce the depth incidence and severity of the
household poverty in Ethiopia.

The study by Fan et al. (2000) found the use of irrigation farming for food crop production
has shown impact on agriculture productivity and even less on the rural household
poverty. Mango et al, (2018) show that the usage of irrigation practise has positive impact

on household income.
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Pender et al. (2002), argue that benefit obtained from modern irrigation to date have been
relatively small. Likewise, Jin et al. (2002) and Rosegrant and Evenson (1992) found no
linkage between irrigation, agricultural productivity and poverty reduction in Asia, in
general, and in China and India in particular. Gebregziabher et al., (2008) found that the
income of non-irrigators is less than that of the irrigator households by about 50%. The
income gain due to access to irrigation ranges from 4000 Birr to 4500 Birr per household

per annum.

Hagos et al. (2017) employed mean difference to test for the use of irrigation practise on
household nutrition status in Ethiopia. The result showed that use of irrigation did not
have significant impact on household nutritional status. Similar results was found by
Shively and Hao (2012), who found a non-significant effect of using irrigation practises
on household food security. In Tanzania and Ethiopia, the study conducted by Passarelli et
al. (2018), found that the use of irrigation to better household dietary diversity was mainly

through the pathway of increasing household incomes in Ethiopia but not in Tanzania.

Another study conducted by Hagos et al. (2009) also indicated that irrigation in Ethiopia
increased yields per hectare, income, consumption and food security. The study conducted
by Tesfaye et al. (2006) in eastern. Shoa using Heckman two stage analyses revealed that
those households with access to irrigation are at better position in securing enough food
than their counterparts.

Mudima (2002) evaluated the impact of five irrigation schemes on the household welfare
in Tanzania. The study found that the use of irrigation practise improve the food security
at the community level compared to the communities without irrigation. Similar results
was found in the study by Passarelli et al, (2018) which evaluated the pathways from

small-scale irrigation to household incomes in Tanzania and Ethiopia.
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Tedros (2014) evaluated the impact of irrigation practise also studied food security and
economic impact of irrigated agriculture in Gum-selasa and Shilena Irrigation Scheme,
Hintalowejerat, South-Estern Zone of Tigray, Ethiopia. The study found a positive impact
of the use of irrigation practise on food security in all schemes. The study by Shiferaw and
Mengistu (2015 use PSM to evaluate the impact of irrigation practises and found a

positive impact on household income and poverty reduction.

Woldegebrial et al. (2015) also used PSM and reported the impact of irrigation practice
usage on household income, expenditure and accumulation of assets. The study found a
positive impact for the outcome variable in question. Dillon (2011) used a combination of
PSM and Difference-in-Difference to evaluate the impact of irrigation practise use in
Northern Mali. The study found a significant increase of total household consumption and

agricultural productivity.

The main weakness in previous studies is that lack appropriate impact evaluation methods
that can deal with the self-selection issue as use and no-users of the practises in question
were not random (Kuwornu and Owusu (2012). This can underestimate or overestimate
the impacts of irrigation on household welfare, such as food security. To correct this bias.
Therefore, this study employed the endogenous switching regression model to correct for
the problem of observed and unobserved characteristics in which other evaluation methods

such PSM cannot do due to its ability to control only observed characteristics.

6.2.6 The conceptual framework
This section gives a brief explanation of the conceptual framework of this study. Climate

change is one of the major challenges in developing countries as its impact affect
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agriculture development and food security. The impact of climate change could be

reduced if the majority of farmers use irrigation as one of CSA-practises (FAO, 2010b).

However, irrigation has both biophysical as well as socio-economic requirements, and
similarly, each household has specific biophysical and socio-economic characteristics. The
study hypothesized that the usage of irrigation as a CSA-practise has a positive impact on
household food security Mbeya and Songwe Regions in the Southern Highlands of
Tanzania. Following Saleth et al. (2003), it is imperative to illustrate the linkages between

irrigation and household’s food security.

There are a chain of variables which influences the farming households to use irrigation as
a CSA- practise. These are such as the age of the head of the household, age of the spouse,
gender of the head of the household, marital status of the head of the household, education
of the head of the household, household size, farm experience, own a television, own a
radio, own a mobile phone, livestock ownership (TLU), production diversity, number of
group membership. The usage of irrigation could result in an increase in agricultural
productivity and income, ultimately resulting in higher household food security. The
increase in productivity is assumed to be caused by the reduction of production
uncertainty caused by climate change (i.e. drought and unreliable rainfall) and other
constraints as a result of the use of irrigation. Therefore, the difference in production and
food security between irrigators and no-irrigator farming households are assumed to be

observed even if there is no difference in other factors of production such as input use.

However, in a household decision on either to use irrigation or not to use might be
affected by both observed or unobserved characteristics which might be correlated with

the outcome variable in which for the case of this study the outcome variable is food
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variety score per adult equivalent unit (Kassie et al., 2015). In order to separate the impact
of usage and to effectively analyse the factors influencing the usage of irrigation practise
and the impact, the study employed endogenous switching regression. This approach has
the advantage of evaluating the impact of irrigation practise on food security by
controlling both observed and unobserved characteristics and come up with unbiased and

consistent estimates (Di Falco et al., 2011).

6.3  Methodology of the Study

In the impacts evaluation studies, a methodological problem that is frequently observed is
the tendency to assume observed household food security difference between irrigator and
no-irrigator farming households (Gebrehiwot et al., 2017). Comparing the impact of
irrigation on food security or any other outcome variables by considering the same person
before and after access to irrigation cannot explain the impacts due to the presence of
other factors which might confound the irrigation impact (Gebrehiwot et al., 2017).
Several quantitative categorized into experimental and non-experimental are used as an
evaluation method in which they differ in construction of counterfactual (Omotilewa and

Ricker-Gilbert, 2019).

In experimental methods, the counterfactual is constructed through by randomly assigning
the treatment group and control group randomly. It is assumed that the treatment and the
control group before the treatment are identical, but after the treatment, differences in the
treatment and control groups are because of the treatment (Gertler et al., 2016). This is
called a randomized control trial (RCT). The RCTs are considered as the best method
among impact evaluation methods as it cannot use complex econometric methods, easy to

manage but the method cannot be used to all projects; it is expensive as it needs a large
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sample and is time-consuming compared to quasi-experimental methods. (Omotilewa and

Ricker-Gilbert, 2019).

Non-experimental methods such as propensity score methods, derive the counterfactual
using complex econometric methods but they are not time-consuming in data collection,
hence not expensive as RCTs (Gertler et al., 2016). In the present analysis, the non-
experiment method called endogenous switching regression method was employed. It has
the advantage of controlling both observed and unobserved heterogeneity compared to
propensity score matching, which controls only observed heterogeneity, hence biased and

inconsistent impact estimates.

6.3.1 Methods of analysis of the study

The expected utility theory was used in this study. Through this theory, it is assumed that
farm households in the study area use irrigation practise if the expected utility of using
irrigation is greater than not using the irrigation practise. In case of this study farming
household is expected to use irrigation practise if the food variet score per adult equivalent
unity is higher compared to the non-user of irrigation. To control for the self-select bias
between users and non-user of irrigation practises an endogenous switching regression
model was employed in this study.. The endogenous switching model involves separate
estimations for subgroups of irrigators and non-irrigator farm households. The irrigation

usage function is defined as:

Dm0 Z [ oo (5)

with i=1for irrigators and 0 for non-irrigator farm households, Z;tands for vector of

households, farm and institution characteristics influencing the decision to use irrigation.
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Following Equation (5), the outcomes are observed for the two groups of farm households

(Asfaw et al., 2012; Maddala, 1983):

Regimel:Y ,=a, X, ;+v,;  forirrigator farm households ............................. (6)

Regime2:Y , =a, X,;+v,;  for no-irrigator farm households........................... (7)

Y stands for FVS/AEU while X; are vectors exogenous variables affecting the FVS/AEU,

and V; is the residuals. There is a probability that some unobserved characteristics
(motivation, managerial skills) that affect the probability of using irrigation could also
affect the FVS/AEU. Therefore, the error term in Equation (5) and the error terms in the
outcomes functions (6) and (7) may be correlated. This problem was solved by estimating
equations 5 — 7 simultaneously where the Full Information Maximum Likelihood (FIML)
was used. The “movestay” command in STATA was used as it provides consistent

estimation of the endogenous switching model (Lokshin and Sajaia (2004).

The endogenous switching model was used to compare the expected FVS/AEU of the
irrigators (a) with respect to the non-irrigator farm households (b), and to examine the
expected FVS/AEU in the counterfactual cases (c ) that the irrigators did not use irrigation,
and (d) that the non-irrigator farm households did use (Asfaw et al., 2012; Di Falco et al.,
2011). These explain differences in the FVS/AEU between the two groups and to provide
possible responses to changes in irrigation policy. The conditional expectations for
FVS/AEU in the cases (a), (b), (c), and (d) are reported in Table 6-1. Cases (a) and (b)
indicate the actual expectations, while the counterfactual expected outcomes are shown in

cases (c) and (d ¢.. The effect of irrigation usage on irrigators is expressed by Equation (8).
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It is the “treatment effect on the treated” (TT) which is the difference between cases (a)

and (c) (Asfaw et al., 2012).

TT=E(y1|Di=1)=E(yuDi=1).cieioiiiiiiiiiiiec s (8)

Likewise, the difference between cases (d) and (b) is the treatment effect on the untreated

(TU ) for the non-irrigator farm houdeholds. This is expressed by equation (9) as:

TU=E| yy|D;=0]=E(y5|Di=0) oeioiiiiiiiiiiiiie e 9)

In this study the treatment effects were different based on the heterogeneity effects. For
example, the FVS/AEU for irrigators may be high or low compare to the non-irrigator
farm households nevertheless they used irrigation but rather because of unobservable
characteristics that affect the FVS/AEU. The base heterogeneity effect is expressed in
Equation (10) as the difference between cases (a) and (d) for the group of irrigators

(Asfaw et al., 2012; Di Falco et al., 2011):

BH,=E| yu|Di=1|=E(y1Di=0) .cveiiiiiiiiiiii i, (10)

Equation 11 give the base heterogeneity effect of non-irrigator farm household as the

difference between cases (c) and (b):

BH,=E|(y,|Di=1=E (2 Di=0) c.eiiviiiiiiiiiiiiieecee e, (11)



219

In addition, the study examined whether the effect of the using irrigation practise is greater
or smaller for irrigator or for non-irrigator farm households if they use. That is, the

“transitional heterogeneity effect” calculated as:

Table 6 1: Average expected Food Variety Score per adult equivalent unit for

irrigator and non-irrigator farm households

Decision Stage

Sub-sample
Use Not to use Treatments effect
(©
Trrigation farming households ) E ( ylf‘ D,;= 1> E ( Y| D= 1) T
Rain fed farming households dE ( }’1i| D,;= 1) (b)E ( }’11‘ D,;= 1) TU
Heterogeneity Effect BH, BH, TH

Note: (a) and (b) are the observed expected score per adult equivalent unit. (C ) and (d ) are the counterfactual
expected food variety score per adult equivalent unit.

Di: 1 if farming households used irrigation; Di: 0 if farm household did not use

Y1; : Food security if farming household use

Y5 ;: Food security if farming household did not use

TT: Effect of the treatment on the treated

TU: : Effect of the treatment on the untreated

BH ;: Base heterogeneity effect for farming household that used (i: 1) , and did not used (i=1)

TH= ( TT — TU) : Transitional heterogeneity

6.3.2 Study areas, sampling, data and description of variables

The data used for this study are derived from a farm household survey in the Southern
Highlands zone of Mbeya and Songwe Regions. The survey was conducted during the
period of September —December 2017. The Sokoine University of Agriculture in
collaboration with the Integrated Project to Improve Agriculture Productivity and Food
Security in the Bread Basket area of Southern Highlands of Tanzania conducted this
survey. The survey aimed to examine the key factors influencing the usage of irrigation
practises, and evaluate its impact on household food security. The sample covers a total of

1443 farm households. A multistage sampling was employed to select farmer
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organisations (FOs) from each district, and households from each FO. First, selection was
based on their food production potential crops (maize, paddy, common beans, and soya
beans), whereby four districts were selected purposively from two regions of the Southern
Highlands of Tanzania (Mbeya and Songwe Regions). Second, 51 wards were randomly
selected out of 92 wards. Third, FOs in each ward were identified then a proportionate
sampling was used to select farm households from all FOs to get a total of 1443
households. In the collection of data a structured male and female questionnaires were
used where open data kit (ODK) was used. The information collected includes household
demographics, socioeconomic characteristics, use of irrigation, crop production and
marketing, input use, food consumption, and other farm- and farmer-specific

characteristics.

6.4  Results and Discussion

6.4.1 Descriptive statistics

A comparison of irrigator and non-irrigators households and individual characteristics
(Table 6-2) shows significant differences in the populations of irrigators and non-
irrigators, arguably in ways that would be expected. On average, the age of the head of the
household found to be 50.61 and 50.39 years for irrigators and non-irrigator respectively.
The non-irrigators are 0.27 years older than irrigators but not significant. This age profile
means that the majorities of the household heads were people predominantly below
midlife and could be regarded as potentially productive farmers with capacity to use
climate smart agriculture practises such as irrigation practises to combat climate change
impacts. From the statistical analysis performed, it is found that there was statistically

insignificant mean difference between irrigators and non-irrigators.
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Table 6-2 shows that FVS/AEU of irrigators was 0.2131/AEU and the average for the
non-irrigators were 0.1944/AEU. This indicates that irrigators have higher FVS/AEU
compared to non-irrigators and statistically significant at 10 %. The average production
diversity of irrigators was found to be 2.4732 crops cultivated and the average for the non-
irrigators was 2.9042 crops cultivated. This implies that irrigators are less diverse in crops
they cultivate compared to non-irrigators. The findings revealed that the mean production
diversity of the two groups was statistically significant at less than 1 % significant level
with a difference of 0.40 number of crops cultivated. This might be caused by the fact that
most of the irrigators cultivate mainly paddy and maize in their plots, for example in
Madibila irrigation scheme the main crop cultivated is paddy. The mean livestock holding
for user households was 1.2850 TLU and 1.8576 TLU for non-users. This implies that
irrigators owned more livestock and the mean difference was statistically significant at 1%

probability level.

The average household size between irrigators and non-irrigators were more or less seem
with an average of 5.1845 and 5.4417 members for irrigator and non-irrigator. Household
sizes were fairly where irrigators found to have a slightly higher average size for about
0.2572 members. The education level of the head of the household for irrigators was less
by 0.3767 years of schooling and significant at 1 % significant level compared to non-

irrigators.

On the other hand, farming experience between irrigators and non-irrigating households
was statistically significant (p<0.05), where irrigators are 1.8614 more years of farming
experience compared to non-irrigators. The result showed that there is no statistical
difference in spouse age total plot size between irrigating households and non-irrigating

households. The result also revealed that irrigators had on average more sources of income
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(2.2917) than non-irrigators (2.1951) measured by number of income sources. However,
the mean difference between the two groups with regard to income diversity was

statistically insignificant.

Table 6 2: Descriptive statistics of variables for irrigators and non-irrigators

Irrigators Non-irrigators Difference t-test  Full sample
Outcome variables
Food Variety Score per adult equivalent 0.2131 0.1944 0.0187  0.0564 0.2088
Covariates
Age of the head of the household 50.335 50.607 -0.2720 0.7409 50.398
Age of the spouse 38.836 39.615 -0.7789 0.3684 39.434
Gender of the head of the household 0.7917 0.8663 -0.0746 0.0008 0.8489
Marital status of the head of the household 0.7560 0.8401 -0.0842 0.0005 0.8205
Education of the household head 6.4345 6.0578 -0.3767 0.0286 6.1455
Household size 5.1845 5.4417 -0.2572 0.0641 5.3818
Farm experience 20.613 22.502 -1.8892 0.0252 22.062
Own a television 0.3244 0.2285 0.0959  0.0004 0.2509
Own a radio 0.7262 0.6278 0.0984  0.0009 0.6507
Own a mobile phone 0.8988 0.8446 0.0416  0.0129 0.8572
Livestock ownership (TLU) 1.2850 1.8576 -0.5725 0.0035 1.7242
Production diversity 2.4732 2.9042 -0.4310 0.0000 2.8039
Number of group membership 0.8869 0.8988 -0.0119 0.5309 0.8960
Income diversity 2.2917 2.1951 0.0965  0.0199 2.2176

6.4.2 Factors affecting usage of irrigation

The results from endogenous switching regression model are presented in Table 6-3. Some
variables such as distance to the farm and distance to the tarmacked road in the choice
equation were excluded in the outcomes equations to meet the condition of model
identification (Nonvide, 2017). The hypothesis was that these variables affect the
probability of using irrigation but does not affect FVS/AEU as a food security indicator.
The study found that the correlation coefficient (Rho_1) between the choice equations and
outcome equation was positive and 5 % level of significant. This implies that the usage of

irrigation decision is affected by observable and unobservable characteristics.
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The endogenous switching model presents the results of both the usage and the outcomes.
The results regarding choice model are only discussed briefly as the main objective to
evaluate the impacts on household food security (i.e. FVS/AEU). Nevertheless, significant
variables that explaining the decision to use irrigation practises were the radio ownership,
education of the household head, farm experience, production diversity and livestock
ownership. The significant determinants of the FVS/AEU in both irrigator and non-
irrigator farm households were television ownership, mobile ownership, age of the head of

the household and age of the spouse.

Gender of the head of the household, production diversity and ownership of radio were the
other variables that contributed to the increase in FVS/AEU in irrigated farm households.
In non-irrigator farm households, household size and households with more than one
membership of farmer organisations significantly increased FVS/AEU. Farm households
with radio or television were found to have higher FVS/AEU, indicating that they might
be well informed on the good agronomic practises through the media. Information on both
input and output markets may be also found through the media. Furthermore, ownership of
a radio or television is also an indication of wealth; therefore, wealthier farming

households can invest more in irrigation to increase yield hence more food secure.

6.4.3 Impact of irrigation on household food security

The expected FVS/AEU under the counterfactual analysis for irrigators and non-irrigator
farm households are presented in Table 6-4. Cases (a) and (b) are the observed expected
FVS/AEU which were 0.1962 for the irrigators and 0.0215 for the non-irrigator farming
households. The study found that users of irrigation had significantly higher FVS/AEU
with the difference being 0.1747FVS/AEU ; but, this cannot be attributed to the usage of

irrigation practise alone. Table 6-4 also reports the treatments effects of irrigation usage.



224

In the counterfactual case (c), the FVS/AEU for irrigated households would have been
0.0336 less if they did not use irrigation. If the non-irrigator farm households had used
irrigation (case (d¢¢é, they would have 0.1916 FVS/AEU extra. The transitional
heterogeneity effect is shown in the last column of Table 6-4 was negative (TH =—0.158),
indicating that the impact of using irrigation practise was significantly smaller for the
irrigators than the non-irrigator farmers. The FVS/AEU for non-irrigator farmers would
be 0.158 FVS/AEU higher than the irrigators if they did use irrigation. The heterogeneity

effect reveals that the non-irrigator farmers would have FVS/AEU less than the irrigators

in the counterfactual case (c ), while have more in case (d).

Table 6 3: Estimates of the impact of irrigation on food security

Usage Model Outcome Model
Variable Dependent Variable: Irrigation Households Rain-fed households
FVS/AEU Coefficien Std. Coefficien Coefficien Std.

Std. error
t error t error

Own a television 0.0962  0.0898 0.0242* 0.0127 0.0258%** 0.0126
Own a radio 0.3047***  0.0868 0.0284** 0.0128 0.0053 0.0109
Own a mobile phone 0.2444**  0.1203 0.0431** 0.0176  0.0425%** 0.0145
Education of the head of the 0.0309**  0.0155 0.0025 0.0022 0.0004 0.002
household head
Household size -0.0129  0.0183 -0.0028 0.0026  -0.008*** 0.0024
Farm experience -0.0071*  0.0038 -0.0004 0.0005 0.0004 0.0005
Age of the head of the household 0.0066  0.0047 -0.0013* 0.0007 0'0031**; 0.0006
Livestock ownership (TLU) -0.0292**  0.0129 -0.0024 0.0018 0.0015 0.0016
Age of the spouse 0.0013  0.0039 -0.001* 0.0005 0.0014**; 0.0006
Sex of the head of the household -0.155 0.1754  -0.0633** 0.0253 -0.037 0.0236
Marital status of the head of the 02413 0.1664 -0.015 0.0242  -0.0259  0.0222
household
Production diversity 0 1715**; 0.0358  -0.0136%** 0.0055 0.0069 0.0045
Number of group membership -0.0608  0.1227 -0.0148 0.0174 0.0322** 0.0164
Income diversity 0.0642  0.0586 0.006 0.0082 0.0031 0.008
Constant -0.3288  0.0802 0.181 0.0506 0.4124 0.0426
Rho_1 1.9684%**
Rho_2 0.0275

The study found a positive relationship between usage of irrigation practise and

FVS/AEU, as it contribute to the increase of FVS/AEU by 0.0336. Enhancing the usage of
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irrigation practise is important in improving household food security and fighting against
climate change. This is supported by studies from India that show that using irrigation
practise is important in employment creation, that transforms into improved quality of life
of the farming households (Tesfaye et al., 2008). Furthermore, earlier findings by Abro et
al., (2014); Dillon (2011); Huang et al. (2006), Kemah and Thiruchelvam (2008) reported
that, irrigation practises has positive impact on agricultural production as it play an
important role in improving crop yield through reduced losses, multiple cropping, and

land expansion.

Table 6 4: Impact of Irrigation on food security (Food variety score per adult

equivalent unit)

Decision
Subsamples/Effects Treatment effect
To use Not to use
Trrigation farm households (a) 0.1962 (c)o.1626 TT =0.0336 ***
Rain-fed farm household (d) 0.2131 (b)0.0215 TU =0.1916 ***
Heterogeneity BH, =¢-0.0169 BH,=0(0.1411 TH = -0.158

6.5 Conclusion and Recommendation

The study employed the endogenous switching regression model to determine factors
influenced usage of irrigation practises and evaluate the impact of using irrigation
practises on household food security. The results indicated the presence of selection bias
between irrigator and non-irrigator farming households as the correlation coefficient
between the error terms of the choice and outcome equations were statistically significant.
The result indicated that variables such as radio ownership, education of the head of the
household, farm experience, livestock ownership and production diversity shown a
significant impact on farming household’s decision to irrigate. In addition, information
variables such as television ownership, mobile ownership have a positive effect on

FVS/AEU.
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Membership of more than one organisation was also found to have a positive effect on
FVS/AEU. Furthermore, the average treatment effect of the treated (ATT) and the average
treatment effect of untreated (ATU) are positive and highly significant for irrigation users
and non-users. This implies that the use of irrigation as a CSA-practise has resulted has a
positive impact on household food security.

Several implications can be driven can be driven from the results of this study. The
findings indicate that promoting irrigation farming as a CSA-practise for the usage by
farming households should consider radio ownership, level of education of the head of the
household, farm experience, livestock ownership and production diversity. Therefore,
without consider these socio-economic aspects may lead to inappropriate results when

aiming for higher rates of usage of irrigation farming as a CSA-practise.

Furthermore, the findings showed that farming households that joined into more than one
farmer organisations have shown positive impact on food security. Therefore, the
government should strengthen farmer organisations, such as Agricultural Marketing
Cooperative Society (AMCOs), Madibira-AMCOS, Idimi-AMCOS and others. This will
be beneficial for food crop farmers if they could be organised in these AMCOS for
collective marketing. Encouraging farming households to join these cooperatives can
assist farmers to get better prices. This can increase household income to purchase diverse
food products which are not produced by the households, hence improve household food

security.

Finally, the usage of irrigation has shown an impact on household food security and may
have contributed to poverty reduction. Therefore, rehabilitating the existing irrigation

schemes and constructing new small-scale irrigation schemes should be considered to
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widen the impacts. However, despite the positive impact of irrigation, the study
recommends the use of other irrigation practises such as drip irrigation, sprinkler irrigation
in the areas where construction of small-scale irrigation is not possible. Moreover, rained
agriculture can be improved with other CSA-practises such as reduced tillage, crop

residual retention and intercropping.

This study was vital as it makes a good contribution to the usage and impact of irrigation
practises on farming households’ food security but there are some limitations. The study
relied on cross-sectional information, collected from farming households in the Southern
Highlands of Mbeya and Songwe in Tanzania, which is associated with limitations. It is
therefore likely the usage and impact of irrigation on household food security might be
somewhat biased because of the cross-sectional nature. Therefore, the use of longitudinal

data in the forthcoming studies might give results that are more robust.
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CHAPTER SEVEN

SYNTHESIS
7.1 Introduction

Climate change is a threat to food security systems and one of the biggest challenges,
particularly in countries which depend on agriculture as a source of their livelihood (FAO,
2019; FAO, 2017). Agriculture systems need to produce more food in order to improve
food security under the challenge of climate change and rapid population growth by 2050
(Harvey et al., 2018). This is vital as statistics show that in 2018 still, 821 million people
in the world were estimated to be chronically undernourished; an increase up from 815
million (FAO, 2019). Although, still a reduction from about 900 million in 2000 (FAO,

2015).

Climate change poses fears to food production and farm households’ welfare, resulting in
malnutrition, hunger, and persistent poverty in Tanzania, where Mbeya and Songwe
regions are inclusive (Maliondo et al., 2012). Climate smart agriculture practises have
been viewed as a capable approach to guarantee food and livelihood security in the face of

climate change (FAO, 2010a). The approach is imperative because of its potential benefits
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of enhancing productivity, improve adaptation to climate change and reduction or removal

of greenhouse gases and (FAO, 2010b).

Despite the triple benefits of CSA-practises and the efforts made by the government and
non-governmental organizations to promote usage of CSA-practises to farming
households, still there is lack of evidence on farming households’ determinants of usage of
the CSA-practises and their implication on household food security (Malondo et al .,
2012; Tenge at al.,2004). Thus, knowing the determinants of CSA-practises, usage and its
implications on food security of the household is imparative in informing the policy
makers and other development partners as it enhances farming household usage of CSA-
practises.

The study contributes to the understanding of the impact of usage of CSA-practises, either
in isolation or in combination for household food security. The study investigated on
whether the usage of CSA-practises in combination could improve food security than
using these practises in isolation. This knowledge is relevant to the debate on whether
farmers should use practises in piecemeal or in the package so as to improve household
food security. Also, the study can be used in designing operative extension policy by
recognising combination of practises that deliver the highest payoff. The study
encompasses the empirical and methodological approach in the literature through
implementing both parametric and non-parametric approaches to evaluate the impact of
CSA-practises on food security while controlling the selection bias, both from observed

and unobserved heterogeneity.
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7.2  Methodology

7.2.1 Sampling and data collection

The study used data collected from a farm household survey in the Southern Highlands
Zone of Mbeya and Songwe in Tanzania. The Sokoine University of Agriculture in
collaboration with the Integrated Project to Improve Agriculture Productivity and Food
Security in the Bread Basket area of Southern Highlands of Tanzania conducted the
survey during the period of September —December 2017 where a total of 1443 farm
households participated. A multistage sampling was employed to select Farmer
Organisations (FOs) from each district and households from each FO. First, based on their
food production potential crops (maize, paddy, common beans, and soya beans), four
districts were selected purposively from two regions of the Southern Highlands of
Tanzania (Mbeya and Songwe Regions). Second, 51 wards were randomly selected out of
92 wards. Third, FOs in each ward were identified and a proportionate sampling was used
to choice farming households from all FOs to get 1443 households. Data collection
involved a household survey where structured male and frmale questionnaires were used
where open data kit (ODK) was used. The survey collected information on household
characteristics, plot characteristics, institutional characteristcs, different CSA-technologies

used, crop production and marketing, and food consumption.

7.2.2 [Estimation strategies

Chapter two provides a comprehensive understanding of the determinants of using
multiple CSA-practises, whereby an analysis framework which combine a multivariate
and ordered probit models were employed to analyse the decisions to use six CSA-
practises that are mostly used. The multivariate probit model was found to be relevant to
this analysis compared to univariate models as it considers possible complementarities and

substitutability between the CSA-practises (Greene, 2003).
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In chapter three, the determinants to the usage of eight combinations of CSA-practises
were examined using a multinomial probit model. The combinations of CSA-practises
includes; non- user (CoRolp), crop rotation (C;Rol), crop residue retention (CoRilp),
intercropping (CoRoly), crop rotation and intercropping (C:Rily), crop rotation and crop
residue retention (CiRol;) crop residue retention and intercropping (CoR:l;) and crop
rotation, crop residue retention and intercropping (C;R:l;). The model was tested for the
validity of the independence of the irrelevant alternative (IIA) assumptions using the

Hausman test for ITA.

In chapter four, the study estimated the impact of combination of CSA-practises (crop
rotation, intercropping and residue retention) on household food security using a
multinomial endogenous switching regression model (MESRM). The model allows the set
of CSA-practises to intermingle with observable variables and unobserved characteristics.
This implies that the impact of combination CSA-practise used is not limited to the
intercept of the outcome equations (Zeng et al., 2015), but can also have a slope effect.
The model allows interaction by estimating separate regressions for users and non-users.
A multinomial logit selection model was used to model the decisions to use combination
of CSA-practises in the first stage while recognizing the inter-relationships among the
choices and in the second stage. The ordinary Least Square was applied in the second
stage with selectivity correction to estimate the impacts of CSA-practises on household

food security.

In chapter Five, the impact of combinations of organic manure, drought-tolerant maize
seeds and irrigation on household food security were estimated using a multinomial

endogenous treatment effect model. The model is an appropriate framework for evaluating
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CSA-practises used either in isolation or in combination as it captures the interactions
among choices of alternative CSA-practises (Wu and Babcock, 1998). Two steps are used
in the estimation. First, the farming household’s choice of combination or individual CSA-
practise was modelled using a mixed multinomial logit selection model. Second, the
ordinary least square (OLS) with selectivity correction terms were used to estimate the
impact of outcome variables. For the case of this study, the outcome variable is Household
Dietary Diversity Score per Adult Equivalent Unit (HDDS/AEU) as an indicator of

household food security.

In chapter six, the determinants and impact of using irrigation practises on household food
security was estimated using the endogenous switching regression model. The model was
used to compare the expected food variety score per adult equivalent unit (FVS/AEU) of
the irrigators with respect to the non-irrigator farm households. Furthermore, the expected
FVS/AEU in the counterfactual cases that the irrigators did not use irrigation and that the
non-irrigator farm households did use (Asfaw et al., 2012; Di Falco et al., 2011). These
explains the differences in the FVS/AEU between the two groups, and to provide possible
responses to changes in irrigation policy.

7.3  Results and Policy Implications

Results from chapter two show farming households are using CSA-practises as
complements which is important to designing combinations of CSA-practises. The
econometric results confirm that gender of the head of the household, geographical
location, extension services and plot ownership were important determinants on the use of
the type and number of CSA-practises. It is recommended that agricultural experts should
carefully design combinations of CSA-practises for the aim of increasing agricultural
productivity, resilience to climate change, mitigation of greenhouse gases and

improvement of food security. In addition, it is recommended that, inorder in order to
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enhance the usage of CSA-practise, policy makers and local government authorities
should target equipping extension workers with adequate items of infrastructure that
enable their easy movement to the farmers. In addition, more more extension agents
should be trained and deployed in the country to reduce the workload of the limited

number of extension officers available.

Chapter three found that the determinant of using different combination of CSA-practises
are the education level of household head, gender of the household head, household size,
production diversity, farm size, access to extension services, livestock ownership and
occupation. The analysis of the determinants of using combination of CSA-practises
revealed that production diversification, gender and livestock ownership were found to be
positive and significant influence the usage of combination of crop residue and
intercropping (CoRil;). In addition, education level and gender of the head of the
household were positive and significant in the usage of combination of crop rotation, crop
residue and intercropping (C;Ril;). This study will be of significance for a finer
understanding of the synergistic effect of interrelated CSA-practises. The study calls for
policy makers on policies and plans that promote CSA-practises as a combination
including other interrelated practises that can contribute to upscale CSA-practises usage

while harnessing the synergies between them.

In chapter four, three primary results are found. First, CSA-practises significantly increase
food variety score per adult equivalent unit when used either singly or jointly. Second, the
use of intercropping in isolation show the highest food variety score per adult equivalent
unit among all the possible combinations of CSA-practises. Third, the use of crop rotation
in isolation also showed a high pay off after intercropping followed by a joint combination

of crop rotation and residue retention. Therefore, a comprehensive approach that focuses
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on joint usage of a combination of crop rotation, intercropping and residue retention was
found to be the best food security portfolio. Consequently, results point towards the need
for promotion of the usage of CSA-practises, in isolation and in combination. CSA-
practices should be encouraged because all possible combinations result in significant

positive effects on food variety per adult equivalent unit as an indicator of food security.

In chapter five, the findings show that characteristics of the household, plot characteristics
and institutional characteristics have significant effects on usage of different combinations
of climate smart agriculture practises. The study also found that the highest payoff of food
security is achieved when climate smart agriculture practises are used in combination
rather than in isolation. The package that contains combination of drought-tolerant maize
seeds and Irrigation (Or,Dt;Ir;) gave higher payoff than the combination of all three CSA-
practises. The study suggests that based on the practises considered in this study, usage of
combinations of various practises result into better food security compared to usage of
these practises individually. This suggests that policy makers and other agricultural
practitioners should encourage usage of combination of CSA-practises to enhance
household food security.

In chapter six, the study found that radio ownership, education of the household head,
farm experience, production diversity and livestock ownership were the determinants of
using irrigation in the study area. The average treatment effect of the treated (ATT) and
the average treatment effect of untreated (ATU) were positive and highly significant for
both irrigator and non-irrigator farming households. This suggests that the use of irrigation
as CSA-practises has resulted into a positive impact on household food security. The study
recommends to the policymakers to consider rehabilitating the existing irrigation schemes
and constructing new schemes to widen the impacts of irrigation for household food

security. However, despite the positive impacts of irrigation, the study recommended the
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use of other irrigation practises, such as drip irrigation, sprinkler irrigation in areas where

construction of irrigation schemes is not possible.

7.4  Further Research

Previous studies in Tanzania have shown that there is a lot of heterogeneity within the
farmer’s population with a variability with regards to food production, income and
household food security over time (Smale and Mason, 2014). Disentangling the dynamics
relating to this heterogeneity requires studying the behaviour of the farming households
over a period of time. It was possible to do this in this study, because of the nature of the
data used (i.e cross-sectional data). Therefore, the use of panel data might help in
mitigating some of these problems because panel data allows one to fully understand the
dynamics with regard to the determinants of practise usage as individuals are followed up
overtime. Even though methodologies that account for selection bias and endogeneity
were used in this study, finding a suitable instrument that is correlated with treatment
variable and uncorrelated with the outcome variable is always a challenge. Panel data
models can help to get round this problem because lagged values can be used as valuable

instruments.

Child malnutrition is a very complex issue which is influenced by many multidimensional
factors (Jesmin et al., 2011). Understanding how combination of CSA-practises affects the
nutritional status of children using antrhopomentric measures such as stunting,
underweight and wasting levels as indicators of nutritional security is important. It was
possible to do this in this study, because of the nature of the data used. Therefore, future
studies could look into these antrhopometric measures as the outcome variables in

evaluating the impact of combination of CSA-practises on household nutrition status,
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especially for children below five years. This would build more confidence in the resulting

estimates on malnutrition.

Research efforts need to be expanded to focus not only on increasing crop production and
yield, but also maintaining crop nutritional value. This will require a large shift in focus
from the shortlist of large acreage annual row crops like maize beans paddy to include
relevant wild fruits and vegetable crops which are tolerate climate change and readly
available to the community. This will ensure nutrition status of the farming households at

low cost inder the climate change era.
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