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ABSTRACT

The contribution of irrigation farming to food security, nutrition, employment and poverty
alleviation cannot be overemphasized in the savannah zone of Ghana of which Kassena-Nankana
area is part. The main objective of the study was to assess the use of ecosystem-based farm
management practices (EBFMPs) in government and community managed irrigation schemes
within the Kassena-Nankana area and how these EBFMPs affect farmers’ livelihood.

The study used data collected from 300 irrigating households (150 each for government-
managed irrigation scheme (GIS) and community managed irrigation schemes (CIS)). Farmers’
willingness to pay for EBFMPs sustainability was elicited by the contingent valuation method
(CVM). The Poisson and negative binomial models, which were employed to determine the
factors that influence farmers’ intensity of using EBFMPs indicated that age, distance of irrigated
farm from home, farmers’ perception of soil fertility, farmers’ knowledge of EBFMPSs, number
of extension visits and the type of irrigation scheme were statistically significant. The t-test
(mean comparison) also concluded that farmers under CIS significantly have higher mean
willingness to pay (WTP) amount than those under the GIS. It was also revealed by a treatment
effect model (regression adjustment) that a decision to use high number of EBFMPs causes an
improvement on farmers’ average livelihood status score (ALSS), which is significant at 1%.

The study concluded that there was low adoption of EBFMPs by farmers in the study area.
However, those under CIS employed more EBFMPs than those under GIS. The study therefore
recommends that policy implementers and development partners should revise their “yield
emphasis” and intensify their extension activities to educate farmers on the use of EBFMPs.
Again, the study recommends that more programs and projects should be tailored on sustainable

production systems since those have greater positive impact on farmers’ livelihoods.
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CHAPTER ONE

INTRODUCTION

1.1 Background

Many farmers and households particularly in Africa depend on irrigation farming to augment
rain-fed agriculture for food and general sustenance of livelihoods. However, recent years have
witnessed a rise of concern about the environmental risk associated with modern farming
practices (Rezvanfar et al., 2009), which irrigation farming is part. One of the major constraint of
crops production is balancing higher yield and maintaining the fertility of the soil (Raghu and
Manaloor, 2014). According to Sterve (2011), sustaining soil fertility is gaining greater concern
because of increase in population growth, which is mounting pressure on agricultural lands for
more food and as a medium of achieving the UN millennium development goal of eradicating
hunger. Following Sterve (2011), the demand from the current population has so far been met
through intensification of agriculture by adopting new technologies which often fail to take
account of the biological functioning of farmlands regaining fertility.

However, Rezvanfar et al. (2009) noted that sustainable farm management practices can help
maintain the fertility of agricultural lands and balance nutrients requirement of crops. Crop loss
due to pests and diseases is another major constraint that farmers face in their production
activities (Raghu and Manaloor, 2014). Most farmers thereby resort to the use of chemical
methods to control pests and diseases (Pathak, 2002; Sharma et al., 2002) which continue to be a
huge cost and a burden to most poor farmers especially those in the rural areas. Meanwhile,
Pathak (2002) acknowledges the existence of indigenous farm practices that are capable of

controlling pests and diseases in many rural communities. As noted by Power (2010) also, the
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use of ecosystem-based farm management practices (EBFMPSs) or sustainable farm practices
generally have the potential of not only managing soil fertility but also checking the prevalence
of pests and diseases on agricultural lands. The reason being that, EBFMPs such as rotating
crops from different botanical families can help control chronic soil diseases and as well fix
nitrogen in the soil (Rodale, 2011).

Beyond improving soil fertility and curbing the prevalence of pests and diseases, application
of ecosystem-based farm management practices (EBFMPs) help to maintain the health of
ecosystems at farm-level. According to Thiaw et al. (2011), EBFMPs sustain the services
provided by the ecosystems such as fruits, fish, fiber, fuel, fresh water and among others. The
other services apart from the provisioning services noted by Thiaw et al. (2011) include
supporting services (e.g nutrients cyclining, soil formation and primary production), cultural
services (e.g. aesthetic and education) and regulatory services that maintain the ecological
temperature and precipitaion within the geographical space of the farm land (Sandhu et al.,
2010). Generally, the health of the agro-ecosystems is very important and sustains people's
livelihoods particularly in Africa since most people in the continent depend on the ecosystems
for the provision of water for irrigation farming and other economic engagements (Egoh et al.,
2012). However, the functioning of all the services of the agro-ecosystems depend on the
practices adopted in production (IUCN, 2010).

As in many developing countries, the type of farm practices used by farmers in Ghana has an
implication on the health of the agro-ecosystems and people’s livelihoods. Most of the
challenges farmers encounter in Ghana, particularly with irrigation farming can be minimized
depending on the practices used at the farm level. The reason being that, irrigation as an

economic activity goes beyond the production of crops because of the direct effect of its
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activities or practices on the ecosystems and the environment as a whole (Dale and Polasky,
2007). The resilience of the ecosystems within any irrigation scheme can boost the growth of
crops and reduce the cost farmers incur on production (IUCN, 2010). It is in the light of this that
a study to assess ecosystem-based farm management practices in community and government
managed irrigation schemes in northern Ghana is relevant. Irrigation is important because it
accounts for about 40% of the global food production and remains the corner block of agriculture
in Ghana (Kyei-Baffour and Ofori, 2007). Most of the people in Kassena-Nankana area (where
the study sites are located) rely very much on irrigation farming for improvements in their
income levels, food security and general livelihoods (Seidu, 2011). Again, the ecological
conditions in the northern savannah zone where the study sites are found do not allow for an all-
year round rain-fed agriculture and as such, most people are engaged in irrigation farming
(Dinye, 2013). Considering this limitation on all-year round rain-fed farming, it becomes
relevant to examine farmers’ choice of farming practices in irrigation and their implication on the

ecosystems.

1.2 Problem Statement

The adoption of sustainable land management practices is one of the important objectives of
many programmes and policies in the Sub-Sahara region of Africa and the continent as a whole.
One of such programmes is the Comprehensive Africa Agriculture Development Programme
(CAADP), which highlighted sustainable land management as its first pillar (Oxfam, 2012;
Zimmermann et al., 2009). The other regional and national policies in the continent include
ECOWAS Agricultural Policy (ECOWAP) and Food and Agricultural Sector Development
Policy Il (FASDEP II) respectively. All these policies and programmes are geared towards

ensuring that the demand for food by an increased population growth does not compromise the

3
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biological sustainability of agricultural lands (Oxfam, 2012). However, the response to these
policies and programmes, especially in Sub-Saharan Africa has been low (Abdul-Hanan et al.,
2014). Most farmers in that sub-region of Africa are characterised by farm-based practices that
are not environmentally sustainable.

In Ghana, the story remains the same since the core objective of most interventions on
farming are geared towards higher yield with little recognition on sustainability. For example,
the focus of Ministry of Food and Agriculture (MoFA) in Ghana has also been on improving
factor productivity through dissemination of yield enhancing technologies (Abdul-Hanan et al.,
2014). The main objective of most of these yield enhancing technologies is to improve food
supply (Sterve, 2011), which most often has negative effect on the biological functioning of the
agro-ecosystems. According to Davari et al. (2010), the effect of adopting high yield enhancing
technologies on the ecosystems extend further to affect most poor people’s livelihoods that
depend on the services of the ecosystems.

That notwithstanding, other organisations (including the Food and Agriculture Organisation
of the United Nations, 2010) have advocated for Conservation Agriculture (CA) with the aim to
increase crop production and as well use more sustainable practices (Sterve, 2011) but has not
yielded the expected results. Most farmers are still using farm practices that are not sustainable to
the ecosystems and the environment in general. In addition, many studies (including Ngwira et
al., 2014; Nkegbe and Shankar, 2014; Raghu and Manaloor, 2014) have been carried out on
adoption of sustainable farm technologies and report that farmers are not fully adopting these
sustainable technologies as noted earlier by Abdul-Hanan et al. (2014). This also applies to most

irrigation schemes in northern Ghana of which the Kassena-Nankana area is part.
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There has been uneven attention on community-managed and government managed irrigation
schemes. According to Dittoh et al. (2013), the attention given to community-based irrigation
schemes (small scale irrigation schemes) has been recent and not even the same magnitude is
given to government—managed irrigation schemes such as Tono irrigation scheme. Again, a lot
of the studies (e.g. Armah et al., 2013; Nkegbe and Shankar, 2014) that have been carried out on
adoption of sustainable farm practices in northern Ghana have paid little attention to farmers’
value of indigenous sustainable farm practices and how it might affect the intensity of using
ecosystem-based farm management practices.

This study therefore contributes to filling the gap in research by determining the factors that
account for farmers’ intensity of using EBFMPs in both community-managed and government-
managed irrigation schemes and their willingness for the sustainability of these practices. It also
provided the difference in levels at which the two types of irrigation schemes are using these
sustainable farm practices. Again, the study also provided an opportunity to compare how
livelihoods are affected by the adoption of the EBFMPs by farmers in government-managed and

community-managed irrigation schemes.

1.3 Research Questions

The main research questions are as follows:

1. What farming practices exist in the government and community managed irrigation
schemes?

2. What factors influence the adoption of ecosystem-based farm management practices by
farmers?

3. Are farmers willing to pay for the sustainability of the ecosystem-based farm
management practices and how much are they willing to pay?

5
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4. What is the effect of ecosystem-based farm management practices on farmers'

livelihoods?

1.4 Research Objectives

1.4.1 Main objective
The main objective of the research is to assess how ecosystem-based farm management
practices in government and community managed irrigation schemes in the Kassena-Nankana

area affect the livelihoods of farmers.

1.4.2 Specific objectives

Specifically, the study seeks to:

1. Identify and describe the ecosystem-based farm management practices in government and
community managed irrigation schemes.

2. Examine the factors that influence the adoption of ecosystem-based farm management
practices by farmers.

3. Compute the proportion of farmers willing to pay for the sustainability of the ecosystem-
based farm management practices and estimate the ‘willingness to pay’ value.

4. Analyse the effect of ecosystem-based farm management practices on the livelihood

outcomes of farmers.

1.5 Justification for the Research
Irrigation farming has become a major source of livelihood for most irrigators in the
Kassena-Nankana District and eventually turning the district into a hub of fresh vegetables for

the region and beyond. Unfortunately, the indigenous farming practices or the EBFMPs that
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existed to maintain the resilience of agro-ecosystems are currently being traded-off solely for
greater output by farmers under the umbrella of intensification of agricultural activities (Sterve,
2011). Meanwhile, this tradeoff is done without much recognition of the contributing services of
the EBFMPs and the repercussions of their activities on future output (Norris, 2012). In the light
of that, studies on ecosystem-based farm management practices in the district serve as guide and
provide evidence to most farmers as to why they should employ ecosystem friendly farm
practices for sustainable land management and the environment (METASIP objective 4).

In addition, the Kassena-Nankana District being blessed with the Tono irrigation scheme and
community-managed irrigation schemes serves as a platform for this study to make a
comparative analysis on farm practices in the two systems. The findings of the study will also
guide relevant authorities such as the Ministry of Food and Agriculture (MoFA) and Ghana
Irrigation Development Authority (GIDA) in future policy formulation and investment within the
agricultural sector.

Again, it will go further to provide evidence to GIDA and the necessary agencies on some of
the factors that make farmers to use EBFMPs. This will help inform policy, which will ensure
sustainable farm practices are used to maintain the health of the ecosystems in farming
communities. Furthermore, the study will provide evidence on the direct effects of EBFMPs on
farmers’ livelihoods and the need for sustainability of these practices and this information will be
useful to MoFA, GIDA and Non-Governmental Organisations in the design and implementation
of their interventions. Lastly, the study will add to literature and serve as a future guide to

academics in similar field of study.
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1.6 Organization of the Thesis

The thesis is organised into five chapters. Chapter one describes the background of the study
as well as the problem statement, research questions, research objectives and justification.
Chapter two consists of literature review. Chapter three describes the methodology used in
collecting and analysing the data. The chapter four presents the results and discussion and
chapter five summarizes the findings, draws conclusions based on the findings and makes

recommendations based on the conclusions.
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CHAPTER TWO

LITERATURE REVIEW

2.1 The Concept of Ecosystem

To give a clear understanding of the study, it is important to explain the term ecosystem.
Even though the term "ecosystem™ is currently gaining currency, its understanding is still
complex as a concept considering the various layers of its meaning (Christian, 2003). The
understanding of the term ecosystem and its use can be a little bit confusing and hence limiting
the utility of the concept in most analysis. In that regard, it becomes imperative to delve into the
meaning of the concept to map the analysis of this study.

Although the word ecosystem is an earlier subject of study, it was actually refined and well-
articulated by a British ecologist, Arthur Tansley, describing the concept as a biotic community
or assemblage and its associated physical environment in a specific place (Pickett and
Cadenasso, 2002). Following Pickett and Cadenasso (2002), Tansley in 1935 gave clarity to the
concept as a whole system composing the organism-complex and a whole complex of physical
factors forming what is termed as the environment. The power of the definition articulated by
Arthur Tansley is that it is applicable to any case where organisms and the physical processes
interact in some spatial arena (Pickett and Cadenasso, 2002).

After the clarity in meaning of the word ecosystem by Arthur Tansley, many other
definitions emerged later including that of Odum (1971), and Allen and Hoekstra (1992).
According to Christian (2003), Odum viewed ecosystem to be geographically identifiable and
thus defined it as any unit that include all the organisms in a given area interacting with the

physical environment so that a flow of energy leads to clearly defined trophic structure, biotic
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diversity, and material cycles within a system. An alternative point of view of ecosystem was
however given by Allen and Hoekstra (1992). They viewed ecosystem as a conception where
biotic are explicitly linked to the abiotic world of their surroundings and size is not a critical
characteristic, rather the cycles and pathways of energy and matter in aggregate form the entire
ecosystem (Christian, 2003). The definition given by the Millennium Ecosystem Assessment
(MA) is comprehensive in content and equally has a political consent (MA, 2007). According to
the Millennium Ecosystem Assessment (2005), an ecosystem is a dynamic complex of plant,
animal and micro-organism communities and their non-living environment interacting as a
functional unit. This definition by the Millennium Ecosystem Assessment assumes that people
are integral part of the ecosystem (Nellemann and Corcoran, 2010). The three basic properties of
the definition from the Millennium Ecosystem Assessment (2005) and many other definitions of
ecosystem include the presence of biotic and abiotic components and their interactions
(Christian, 2003).

The biotic component of the ecosystem considers or talks about communities of living
organisms and the abiotic component refers to the non-living organisms' chemical and physical
environments (Christian, 2003). The interactions of the components of the ecosystem might be in
multiple spheres, but the most recognized are those associated with (1) food webs and trophic
dynamics (transfer of energy from one part of an ecosystem to another) and (2) material cycling,
particularly of nutrients (Christian, 2003). On a more general consideration, the interaction
involves flow of energy, matter and information within an ecosystem. For the context of this
study, an irrigated ecosystem is defined as the multi-level interaction between irrigation farmers
and the physical environment of an irrigation scheme in which they engage their economic

activities.
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2.2 Services of Ecosystems

The daily survival of human beings depend on the services of the ecosystems such as fruits,
fuel wood and water. The services of the ecosystem go beyond providing just fruits and water to
defining the economic life of most people in the world. Hancock (2010) reported that the earth's
ecosystems provide the human society with a stream of services, which remain crucial to our
health, economic prosperity and general security to individuals and nations in a broader scope.
The dependence of humans on the environment and the services of its ecosystems cannot
therefore be overemphasized.

The services of ecosystems can be seen as the benefits that humans obtain from the
ecosystems as a result of ensuring its recycle life. According to Boyd and Banzhaf (2007), the
ecosystem services can be referred to as the benefits of nature to households, communities and
economies. On a different lens, it can be seen as the process by which the environment produces
resources normally taken for granted and these include fresh food, clean water, timber for fuel,
habitat for fisheries and pollination of agricultural plants (Davari et al., 2010). All these services
provided are very useful to society in many ways and to a large extent some of the importance of
the services provided are yet to be explored by man (Boyd and Banzhaf, 2007). However, the
services provided by the ecosystems are of notable benefits across a range of geographical scales
(local, regional and global) and to many different groups- individuals, businesses and
governments (Hancock, 2010). The sustainable development of a nation largely ties to the nature
of the ecosystems and the services provided within, since a compromise of these services poses
an increased risk to public health, economic stability, security and the overall ability to

sustainably support human society and future development goals (ibid).
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Generally, the existence of humans and all living organisms have a direct correlation with the

health of the ecosystems services. Thus, the importance of the ecosystems services cannot be

overestimated. Meanwhile a comprehensive classification of the ecosystem services has been

developed by the Millennium Ecosystem Assessment (MA) to include provisioning services,

regulating services, cultural services and supporting services (Munang et al., 2011) as illustrated

in Figure 2.1. From Figure 2.1, the well-being of human depends on the provisioning services,

regulatory services, cultural services and supporting services of the ecosystems for food,

nutrients cycling of agricultural lands, climate regulation, aesthetic purposes and among others.

It is important to note that the services provided by the ecosystems are not primarily for the

consumption of humans but a self-sustaining mechanism of the ecosystems in maintaining their

cycle (MA, 2007).

SUPPORTING SERVICES

e Nutrients cycling

e Soil formation (structure and fertility)

e Primary production

iy

Food .
Fiber o
Fuel o
Water provision o
Genetic biodiversity o

iy

REGULATING SERVICES

1 4

CULTURAL SERVICES

Pollination e Aesthetic
Climate regulation e Recreation and
Erosion regulation education

Water purification
Atmospheric regulation
Control of pest

a U

HUMAN WELL-BEING

Figure 2.1: Classifications and relationships among ecosystem services

Source :Zhang et al. (2007).
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From Figure 2.1, the provisioning services include food, fiber, fresh water, fuel wood and
genetic biodiversity. The figure indicates that societies maintain their well-being by utilizing the
provisioning services of the ecosystems as their source of food, water, fiber, fuel and
biodiversity. These services most often are provided by agricultural ecosystems (Thiaw et al.,
2011). The provisioning services can also perhaps be considered as the most recognisable
valuable services in terms of human use (Boelee et al., 2011).

Another form of services provided by the ecosystems is the supporting services. However,
these services are less recognised in the sense that they do not provide direct benefits to humans
but indirectly help in the production of other goods and services (Figure 2.1). According to
Sandhu et al (2010), these services include nutrients cycling of soil fertility through microbial
activities, formation of soil ( e.g. soil turnover by earth worms) and primary production.

The cultural services are most often beneficial to humans in cultural activities and social life.
According to Munang et al. (2011), the cultural services basically contribute to the well-being of
humans through the provision of aesthetic services, spiritual services , recreational services and
education opportunities as indicated in Figure 2.1.

The regulating services are another type of service provided by the ecosystems. The
regulating service tries to ensure ecological balance in the system. The regulating services
include the ecological processes that maintain temperature and precipitation (Sandhu et al.,
2010). From the figure, it also includes pollination, natural erosion control, natural pests and
weeds control, water purification, climate control and atmospheric regulation. These regulatory
services are less tangible and therefore can be more difficult to assess economically (Boelee et

al., 2011).
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2.3 Ecosystem-Based Farm Management Practices

The current hike in world's population comes with an equal increased in food demand.
However, the path to increase agricultural food output may include intensification and expansion
of agriculture through greater mono-cropping, intensive irrigation and use of transgenic crops,
chemical fertilizers and pesticides (Thiaw et al., 2011) which is gaining momentum in Ghana.
Meanwhile, these practices put pressure on the ecosystems and will worsen the ability of the
ecosystems to provide essential services to humanity in the long term (Ibid). Beyond this, it also
creates a condition that traps future generations into high cost of agricultural production and
eventually making it difficult for communities to break free from poverty (MA, 2007). This
therefore calls for farm practices that are ecosystem-based for the management of the resilience
of the ecosystems.

Ecosystem-based management (EBM) can be defined as an integrated process which aims to
conserve and improve the health of ecosystems that sustains ecosystem services for human well-
being (Munang et al., 2011). An expanded definition was also given by International Union for
Conservation of Nature (IUCN) as the process that integrates ecological, socioeconomic and
institutional factors into comprehensive analysis and actions in order to sustain and enhance the
quality of the ecosystems to meet current and future needs (Munang et al., 2011). Basically, this
means that ecosystem-based management deals with a multi-faceted approach in management
for the sustainability of the ecosystems.

In the light of this, ecosystem-based farm management practices can also be seen as the farm-
based practice that aims at balancing agricultural output and the functional capacity of the agro-
ecosystems in providing continuous services for present and future generations. These practices

include sustainable soil management practices (manure/compost application, inter-cropping with
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legumes, mulching, crop rotation, row planting, composting and others). It also includes
sustainable water management practices (efficient drainage systems-canals, soil/stone bunding
among others) and agro-foresting (sustenance of existing trees, tree planting and more). On
average, these ecosystem-based farm management practices conserve and boost the functional
capacity of the ecosystems services through natural and biological means as well as intensive,

high inputs systems (Thiaw et al., 2011).

2.4 Importance of EBFMPs to Agriculture

The practices that exist in a particular farmland have major consequences on the primary role
of that same land in maintaining its resilience. These farming practices also affects a wide range
of ecosystem services including water quality, pollination, nutrients cycling, soil water retention,
carbon sequestration, and the general health of the ecosystems (IUCN, 2010). However,
ecosystem-based farm management practices contribute to the quality of ecosystem services
(Swinton et al, 2007). As such, understanding how these farming practices (ecosystem-based
farm management practices) contribute to the health of the agro-ecosystems will inform choices
about the most beneficial agricultural practices. The proceeding subsections describe how some
of the ecosystem-based farm management practices contribute to the resilience of agro-

ecosystems.

2.4.1 Compost/ organic manure application

The use of organic matter or manure on farmlands plays an important role in enhancing the
nutrients quality of the land via the introduction of nitrogen. It is important to note that even in
intensive fertilized grain crops, soil organic matter still provides about 50% of the crop's nitrogen

needs (Swinton et al., 2007). This shows how important soil organic matter is to providing
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minerals for the growth of crops even with the use of inorganic fertilizer. Also, about 50% of the
soil organic matter is carbon, which provides energy for microbes, invertebrates and other
heterotrophic organisms that form the complex soil food web (Swinton et al., 2007). Beyond this,
replacing synthetic nitrogen fertilizers with biological nitrogen fixation by legumes can reduce
CO:2 emissions from agricultural production by half (Power, 2010). According to IUCN (2010),
agriculture alone was responsible for 14% of global greenhouse gas (GHS) emissions in 2000
from several sources which include fertilizers through volatilization of gasses from fields and

burning of savannah and agricultural residues.

2.4.2 Conservative tillage

Tillage can be seen as the activity of loosening the compactness of soil particles for
agricultural production. Tillage as defined by IUCN (2010), is the practice of ploughing or
loosening the soil to create arable land. Conservation tillage cultivation has the capacity to
conserve soil carbon (Power, 2010). Studies have revealed that the practice of conservation
tillage cultivation enables soil carbon sequestration that would otherwise be emitted into the
atmosphere with tillage cultivation (Power, 2010). The soil carbon sequestration is essential to
agriculture because it helps conserve the soil structure and fertility. Even beyond the
maintenance of soil structure and fertility, conservative tillage farming helps reduce cost of
production and fossil fuel use through the avoidance of ploughing (IUCN, 2010). Also,
conservative tillage demonstrate effectiveness in controlling soil erosion and siltation (IUCN,
2010). Tillage generally buries residues, leaving the soil bare and more susceptible to the
erosive effects of rainfall, and at the same time breaks up natural soil aggregates that help
infiltration, storage and drainage of precipitation (Magdoff, 2007). As a result, reducing tillage is

a core component of ecosystem-based farm management approach to agriculture.
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2.4.3 Inter-cropping with legumes

Another ecosystem-based farm management practice that can enhance soil fertility is inter-
cropping with legumes. The cultivation of legumes with other crops plays an important role in
enhancing soil fertility, forage and mulching quality within the agro-ecosystem (Mooleki and
Recksiedler, 2009). The primary role legumes play is fixing atmospheric nitrogen (N2 through
their symbiotic relationship with Rhizobium spp (soil bacteria that fix nitrogen), usually with the
host root system. Here, the bacteria usually convert atmospheric nitrogen to ammonia, and then
provides organic nitrogenous compounds to the plants
(https://en.wikipedia.org/wiki/Rhizobium). It is important to note that legumes derives about 70
to 80 percent of their nitrogen requirement from the atmosphere through their symbiotic nitrogen
fixation (Mooleki and Recksiedler, 2009). The amount of nitrogen fixed will vary from place to
place depending on the nodulation, soil moisture and temperature and the available soil nutrients
such as nitrogen and phosphorus (lbid). Therefore, the traditional practice of mixed cropping

with legumes should not be discarded to help boost the soil fertility in agro-ecosystems.

2.4.4 Crop rotation

Crop rotation is a system of farming that allows the variation in choice of crops to cultivate
every year. As defined by Rodale (2011), crop rotation is a systematic approach of deciding
which crop to cultivate in an arable land from a year to the next. Crop rotation as an ecosystem-
based farm management practice is of high benefit to Agricultural lands by balancing soil
fertility and preventing pests and diseases built-up (Rodale, 2011). The various crops have
different nutrients requirement and hence affect soil nutrients balance differently. Some crops
like tomatoes deplete soil nitrogen and phosphorus heavily within a particular field in a year. It is

therefore prudent to vary the crops after some time to allow biological balancing of soil nutrients.
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This usually can be aided by planting leguminous crops such as peas or beans to replenish the
lost nitrogen. In addition to the soil fertility balancing, crop rotation is a natural medium of
controlling pests and diseases since rotating crops from different botanical families aids in
curbing diseases and pests. Sometimes, lengthy rotations are required to control chronic soil

borne diseases.

2.4.5 Mulching

The primary essence of mulching is to create a balance temperature that allows plants to
grow fast and to enrich the soil fertility. A mulch can be considered as a layer of materials ( most
often leafs) applied to the surface of an area of soil to conserve moisture, reduce weeds growth,
enhance visual appearance of the area, improve fertility and health of the soil
(https://en.wikipedia.org/wiki/Mulch). According to Singh et al. (2014), traditional knowledge-
led practices such as bio-mulching is a better and effective way of controlling moisture loss and
weeds, reduce disease incidence, regulate temperature, and generally maintains the functioning
of the agro-ecosystems. In most cases, especially irrigated areas in Ghana, the conventional way
of controlling weeds is through herbicides application which pollutes and reduces water quality.
Again, excessive tilling is another medium of controlling weeds, which also looses the soil
thereby making it more susceptible to erosion. As a result, bio-mulching is seen to be the best

mechanism of balancing weeds control and enhancing agro-ecosystems (Mohammadi, 2012).

2.4.6 Conservation of vegetation or trees

Conserving trees play a major role in maintaining the functioning of agro-ecosystems. Trees
in general help to maintain temperature levels in arable lands. Fell leaves of trees serve as a
cover that maintains soil moisture, prevents erosion and equally decompose to fertilize the soil.

Less known about clearing of woody vegetation is that it can lead to salination, which affects
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plants growth. Trees cover absorbs rain water, hence limiting ground water recharge, and
keeping the ground water table low enough to prevent salt from being carried upward through
the soil (Gordon et al, 2010). Australia is a classic example of this problem after clearing their
native woody vegetation in the 1930s for agricultural expansion (Gordon et al., 2010). The
conservation of the vegetation or trees also helps in pollination of crops in arable lands. In the
light of this, conservation of vegetation/trees can be considered as one of the core ecosystem-

based farm management practice since it goes beyond that arena to influencing the climate.

2.4.7 Efficient drainage system (canals)

In stating ecosystem-based farm management practices, efficient drainage systems cannot be
exempted. An efficient system of water drainage in an irrigation scheme ensures continuous
supply of water, prevents siltation, promotes healthy aquatic life and the agro-ecosystem as a
whole (Gordon et al., 2010). Well-maintained canals prevent water wastage and siltation. Leaked
canals allow soil nutrients to be carried away easily causing siltation. Unmaintained and leaky
canals can also transport chemicals applied on fields to water source harming the health of
aquatic life. Poor distribution of water can also cause down-stream fields to face water supply

challenges.

2.4.8 Soil or stone bunding

Just like the canals, soil or stone bunding is another indigenous farming practice that is
ecosystem friendly. Soil or stone bunding helps prevent wastage of water and loss of soil
fertility. The bunds help to retain soil nutrients within the site to meet plants’ needs. The bunds

can also be seen as an effective mechanism of controlling erosion.
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2.5 Meaning of Adoption

It is important to understand the meaning of adoption to map its use in this study. According
to Sahin (2006), the decision to fully use or employ an innovation as the best course of action
available can be termed as adoption. However, the concept of adoption is closely tied with
diffusion of innovation which is also defined by Sahin (2006) as the process in which innovation
iIs communicated among members of a social system through certain channels over time.
Adoption is also referred to as the extent of use of a new technology or practice while diffusion
is the dispersal of technology in a community (Abdul-Hanan et al., 2014). There is a progressive
recognition from literature that the two terms (adoption and diffusion) are often used together
because a social system interacts and functions as a unit. In that perspective, the adoption of a
new technology will definitely be diffused among members of the social system overtime.

Most ecosystem-based farm management practices (EBMFPSs) are considered as traditional
practices which were used most often by our forefathers. However, the use of these practices in
recent times have reduced and the knowledge of the practices in maintaining ecosystems
resilience by most farmers is also limited. Adoption of EBFMP can be defined in this study's
context as the use of an ecosystem-based farm management practice by an irrigation farmer
during the time of interview. Here, adoption does not include the practices (EBFMPs) being used

by an irrigator in previous years before the year under consideration in the study.

2.6 Factors Influencing the Adoption of EBFMPs
The adoption of ecosystem-based farm management practices is determined by several
factors. According to Rezvanfar et al. (2009), diversity of factors combined with the potential

interactions between them contribute to the complication in identifying the factors that contribute
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to ecosystem-based farm management practices adoption. There are a lot of studies (e.g. Abdul-
Hanan et al., 2014; Nkegbe et al., 2012; Nkegbe et al., 2014; Armah et al., 2013; Ngwira et al,
2014; Rezvanfar et al., 2009) on the adoption of sustainable farm conservation practices that
have a direct connection with this study.

According to Ngwira et al. (2014), the factors affecting the adoption of sustainable
indigenous farming practices in Malawi include gender, age, education, family size, dependency
ratio, hired labour, community labour, total cultivated land, membership of farmer group,
subsidized fertilizer and tropical livestock unit index. The study also employed the Heckman two
stage models to correct the sample bias by considering separately the factors that determines
conservation agriculture adoption and the extent of conservation agriculture adoption. The
limitation of Ngwira et al. (2014) is that, its analysis is based on only three principles- minimum
soil disturbance, permanent soil cover with crop residues and crop rotation which gives a smaller
picture with respect to the number of ecosystem-based farm management practices adopted by
farmers.

At the national level, Armah et al.( 2013) looked at the factors influencing farmers' choice of
indigenous adaptation strategies in response to agro-biodiversity loss in northern Ghana. In that
study, the multinomial logit model was used to determine the factors that influence farmers'
choice. The factors identified to be positively influencing farmers' choice include household
head's sex, farming experience, radio ownership, household size, credit access and awareness of
reduction in crop diversity. On the flip side, age, education, farm size, awareness of climate
change, farm cash income and existence of market in the community were found to negatively

influence choice of practices. The challenge in this study rests much on its methodology,
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specifically the use of multinomial logit model, which is unable to foretell the intensity of
adoption of indigenous adaptation strategies as compared to the Poisson model.

Another study within the domain of northern Ghana similar to this study is that of Nkegbe
and Shankar (2014) and Nkegbe et al., ( 2012). Nkegbe et al. (2012) employed the Probit model
in its analysis that provided the room for correction of subjectivity bias but Nkegbe and Shankar
(2014) employed the Poisson model in the study to further analyse the intensity of used of the
sustainable soil and water conservation practices-composting, cover crops, agro-forestry, grass
strip, soil bund and stone bund. The Gamma count was equally used to further correct for over-
dispersion in the data. In the past, most studies on adoption were usually binary (that is, adopt or
not adopted), but the strength in Nkegbe and Shankar (2014) lies in the further analysis of the
intensity to which the various techniques or practices are used. From the empirical results of that
study, access to information, social capital, per capita landholding and wealth play a crucial role
in determining farmers' decision to intensively adopt sustainable soil and water conservation
practices.

Again, Abdul-Hanan et al. (2014) also closely tied with that of Nkegbe and Shankar (2014)
except that the former had a broader scope, as it went beyond the factors that determine the
adoption of the sustainable farming practices or the ecosystem friendly practices to consider the
factor productivity. The study equally employed the Poisson model couple with the stochastic
frontier. The covariates in the study included gender, age, age square, education, farm size,
household size, group membership, number of extension visits, credit obtained by the farmer and
distance to input stores. The limitation of this study is on its inability to test for over-dispersion

for the necessary corrections.
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It can be deduced that all the above mentioned studies have failed to consider farmers'
knowledge of the ecosystem services as one of the factors that can influence their adoption of
ecosystem friendly practices or indigenous farming practices in Ghana on a broader scope. This
current study therefore contributes to adoption studies literature on agro-ecosystems with a blend
of indigenous farming practices (ecosystem-based farm management practices) knowledge and

how it affects farmers' intensity of using the practices and livelihoods.

2.7 Types of Irrigation Management Systems in Ghana

A clear-cut classification of the types of irrigation management systems in Ghana has been a
subject of contention considering the ad-hoc management systems of irrigation facilities across
the country. That notwithstanding, prominent classifications are given by Ghana Irrigation
Development Authority (GIDA) and International Water Management Institute (IWMI).

GIDA (2011) in its national irrigation policy classified the irrigation systems in Ghana into
three broad categories: (1) informal (smallholder) irrigation, (2) formal irrigation and (3) large
scale commercial irrigation. In the policy document, the informal irrigation is practiced by an
individual who cultivates an area of about 0.5ha or more by using simple structures and
equipment for water storage, conveyance and distribution. In most instances, the informal
irrigators do not depend on public infrastructure. The formal irrigation on the other hand depends
on permanent infrastructure, which is funded by the public sector. The large-scale commercial
irrigation can either be formal or informal depending on whether the headwork and primary
infrastructure machinery is provided by the government or private investor. The large-scale
commercial irrigation is usually exports oriented and comprise farm sizes of between 25ha and
1000ha or more. In summary, the baseline of classification by GIDA is the source of

infrastructure provision and the scale of operation. However, the weakness with this system of
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classification is that there are so many irrigation schemes across the country classified as
informal which have their primary infrastructure provided by government or NGOs but managed
by communities or private individuals.

Another prominent classification is the one by Namara et al. (2011) for IWMI and the
authors broadly classified the irrigation systems in Ghana into two. These are the conventional
irrigation systems, which are mainly initiated and developed by the government of Ghana or
various NGOs and the emerging irrigation systems, which are initiated and developed by private
entrepreneurs and farmers, either independently or with little support from the government
and/or NGOs. The conventional irrigation schemes are sub-divided into five:

(1) The public surface irrigation system which are operated and maintained by GIDA or

ICOUR where beneficiaries are charged for services rendered,

(2) The small reservoir-based communal irrigation systems which are also most often
designed or constructed by GIDA or private contractors but significantly managed and
maintained by community associations,

(3) Domestic wastewater and storm water irrigation of which farmers depend on drains or

streams to irrigate,

(4) Recession agriculture or residual moisture irrigation which is also predominantly
practiced by fishermen along the Volta lake, Afram plains and Tordize river in the Volta
region as a complementary job and finally,

(5) The traditional shallow groundwater irrigation in the Keta strip of the Volta region and
other parts of the country.

The emerging irrigation systems also include:

(1) The groundwater irrigation systems
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(2) Seasonal shallow groundwater irrigation systems

(3) Permanent well irrigation systems

(4) Shallow-tube well irrigation systems

(5) Borehole irrigation systems

(6) River lift irrigation systems

(7) Public-private partnership-based commercial irrigation systems

(8) Lowland valley rise water capture systems and

(9) Small dugouts-based private irrigation systems.

Apart from these two classifications discussed above, the classification based on size is also
very commonly used. With this classification, irrigation schemes are divided into small, medium
and large scale (Namara et al., 2011). A small-scale irrigation scheme is one with a maximum
size of 200ha. The medium scale ranges from 200ha to 1000ha in size and above 1000ha is
classified as large-scale. Considering these varied classifications made, this study will narrow its
categorisation on only two systems for simplicity. Broadly the irrigation systems in the study
area will be categorised based on management into:

(1) The government-managed irrigation schemes and

(2) Community-managed irrigation schemes.

The government-managed irrigation schemes will comprise of all communities who access
their water from the Tono irrigation dam (which is managed by GIDA/ICOUR). For the purpose
of this study, these communities will include Bonia, Korania and Biu. The community-managed
irrigation schemes are also those irrigation schemes where the irrigators access their water from a

common community dam irrespective of the source of infrastructure provision (government or a
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private investor). These types of irrigation schemes will include the Paga-Nania, Saboro and

Pungu-Telania irrigation schemes.

2.8 The Importance of Irrigation in Northern Ghana

The weather condition in the north-most part of Ghana is erratic. The northern part of Ghana
is generally classified as the savannah ecological zone where the climatic conditions do not
allow for an all-year round rain-fed agriculture (Dinye, 2013). Beyond this unfavourable climatic
condition, the northern ecological zone is also classified as the poorest in Ghana with a
contribution of about 36% to total national poverty (GSS, 2014). Irrigation farming is therefore a
necessary activity to complement the short wet season farming and to serve as a medium of
enhancing the livelihoods of the people and to reduce poverty in the northern regions.

The importance of irrigation in northern Ghana can therefore not be overemphasized since it
serves not only as a source of income, employment, and food security but generally as a medium
of boosting the living conditions of the people. According to Bagson and Kuuder (2013), the
introduction of the Kokoligu irrigation scheme in the Nandom District is not only creating a
fairly stable food security situation in the district but also curbing a societal problem of seasonal
migration. In that study, it was revealed that the establishment of the irrigation in the area led to
reduction in seasonal migration to southern Ghana for menial jobs from about 34% to only 8%.
Besides, about 26% of households in the area are now deriving their livelihoods from the
irrigation scheme, which is impacting positively on household food requirements. Similarly,
Kpieta et al. (2013) reported that the construction of irrigation dams and dugouts in the Wa
Municipality, Wa West and the Nadowli districts of the Upper West Region have positively
ensured a steady increase in household food production, household income and a reduction in

youth out-migration in dams communities.
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A study conducted by Dinye (2013) in the Tono irrigation Scheme revealed that irrespective
of the series of challenges such as limited market access and fierce competition from Burkinabe
irrigation farmers, the irrigation scheme has created a platform for employment for the people of
Kassena-Nankana area and beyond leading to high agricultural production. The Tono irrigation
scheme has also been reported to have positively affected the socio economic conditions of
beneficiaries in the Kassena-Nankana District by way of improvement in their income levels,
food security, education of their children and a reduction of out-migration of household members
to Southern part of Ghana (Seidu, 2011). Irrigation therefore plays critical roles in farmers’

livelihood development particularly in northern Ghana and Ghana as a whole.

2.9 Theory of Adoption and Empirical Review

The theory underlining adoption and diffusion plays key role in determining the factors that
influence the intensity of used of ecosystem-based farm management practices. However, to
measure the intensity of adoption of EBFMPs, one needs to understand the theory underpinning
the Poisson and negative binomial models, which are used in estimating the intensity of EBFMPs
employed in the study. As such, the proceeding subsections give a theoretical framework of
adoption of EBFMPs, the theory of Poisson and negative binomial modeling, and an empirical

review of EBFMPs adoption.

2.9.1 The theoretical framework of EBFMPs adoption

The theoretical background for explaining the factors that might influence a farmer's decision
to employ a number of ecosystem-based farm management practices in an irrigation scheme can
be traced to the adoption theory. There are two main schools of thought associated with the

adoption theory of ecosystem-based farm management practices.
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First, the individual characteristics of the farmer can influence his/her decision to employ a
number of EBFMPs and secondly, the social environment he/she lives in can also influence the
number of EBFMPs employed. In a broad classification, Leeuwis and Ban (2004) categorised
these two adoption concepts into individualistic and constructivist perspectives. According to
Ngwira et al. (2014), the individualistic perspective assumes that a farmer is an individual and
makes rational choices in using new technologies given that he/she has full access to
information and a set of ranked preferences. Ngwira et al. (2014) went further to add that, based
on the individualistic perspective the neoclassical economic theory can be classified into: the
economic constraints model, the diffusion of innovation model and the adopter perception
model.

The economic constraints model based much of its argument that, access to resources or
capital greatly determines a person's ability to readily choose or employ a particular innovation.
According to Ngwira et al. (2014), the economic constraints model rest on the assumption that,
the sole objective of an individual is to maximise profit or utility but the observed patterns of
adoption are determined by the varied allocation of resources among people. The economic
constraints model basically recognises the relevance of profitability and constraints such as
access to capital and risk, but actually fails to conceptualise the social dimension of knowledge,
communication, information and rationality (Leeuwis and Ban, 2004).

The diffusion of innovation model relies deeply on the importance of information. It is also
of the view that access to information is the critical factor that determines adoption decisions
(Rogers, 2003). In the developed world, the diffusion of innovation model has gained
prominence with regards to the adoption of agricultural innovations since agricultural research

and extension agents are very effective and active in those countries (Ngwira et al., 2014). This
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means that, its suitability for an African setting is questioned. The reason is that, farmers in most
countries of Africa do not get regular extension services. Another lapse of this model is that, it
fails to acknowledge the individual characteristics of the adopter (Ngwira et al., 2014).
Considering the lapse in the diffusion of innovation model, the adopter perception model
believes that personal characteristics of a person or farmer better inform his/her choice of
adoption. The adopter perception model provides explanation to adoption with perceptions of
individuals and of which perceptions is determined by personal characteristics such as human
values, education, experience, physical characteristics of land and so on (Ngwira et al., 2014).
These three individualistic perspectives categorically narrow adoption of innovation to relate
solely to individuals without recognising the interdependence of individuals in a society. The
constructivist perspective thereby provides a realistic mechanism of analysing adoption of an
innovation by acknowledging social learning as another strong factor influencing adoption
(Ngwira et al., 2014). Like in Africa, most farmers in Ghana do share their experiences and farm
problems among each other for possible solutions. As a result, determining the factors that
influence the adoption of an innovation such as ecosystem-based farm management practices do
not depend on only individual characteristics but also the formal and informal settings in which

farmers interact.

2.9.2 The theory of Poisson and negative binomial modeling

In social sciences, most studies usually deal with outcomes that are measured in counts such
as number of soil conservative management practices, number of Integrated Pest Management
(IPM) practices adopted, number of children as an indicator of fertility, and number of doctor
visits as an indicator of health care demand among others (Winkelmann, 2015). Such studies are

traditionally analysed with econometric models such as the binomial Probit or Logit models,
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which usually lumped sum the dependent variable into two categories (1=full adoption , 0= no
adoption at all) (Ramirez and Shultz, 2000). However, this might not be the true picture in most
cases since technologies have different components, which could either be fully or partially
adopted and binary choice models (e.g. Probit or Logit) cannot properly capture such situations.
Thus, the Poisson regression or negative binomial regression models have been developed to
handle such situations (Ramirez and Shultz, 2000). These two models have the capacity to
estimate the effect of a policy intervention either on the average rate or the probability of no
event, a single event, or multiple events (Winkelmann, 2015).

The Poisson model has its theoretical backing from the Poisson distribution (Winkelmann,
2015), that expresses the probability of a given number of events occurring in a fixed interval of
time and/or space with a known average rate, under the assumption that the occurrences are
independent of one another (https://en.wikipedia.org/wiki/Poisson_distribution). For instance,
the number of calls received by a person per hour comes from an independent wide range of
sources and this simply obeys the Poisson distribution. Likewise, a farmer can also use a wide
range of ecosystem-based farm management practices independently within a particular period
of time and as such also obeys the Poisson distribution. Basically, the Poisson regression is a
type of regression analysis that is used to model count data and contingency tables
(https://en.wikipedia.org/wiki/Poisson_regression). It assumes that the response variable Y has a
Poisson distribution and the logarithm of its expected value can be modeled by a linear
combination of unknown parameters (Greene, 2003). The model looks at the probability that the
dependent variable Y (in this case the number of EBFMPs used) will be equal to a certain

number y, and is represented mathematically as follows (Abdul-Hanan et al, 2014):

ety
yt’

Prob(Y = y) = y=0,123..n (D
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where:

A = is the intensity or rate parameter

A = exp(X;)

B = a vector of unknown parameters to be estimated

The log-likelihood function is given by the equation:
InL = ¥iz12. al-2+yiB" — Iny;!] (2)

Interpretation of the coefficient: one unit increase in X; will increase or decrease the average
number of Y; by the coefficient expressed as a percentage.

The marginal effect of a variable on the average number of events is:

0E (vi/x;)/0x; = B exp(X;B) 3)

Interpretation of marginal effect: One unit increase in X; will increase/decrease the average

number of the dependent variable by the marginal effect.
Key assumption of the Poisson model

% Equi-dispersion property of the Poisson distribution. That is the equality of the mean and
the variance.
E(y/x) =Var(y/x) = 2 (4)
This property is much restrictive and often fails to hold in practice if there is ‘over
dispersion’ in the data. Over dispersion in statistics IS the presence of greater variability
in a data set than would be expected based on a given statistical model

(https://en.wikipedia.org/wiki/Overdispersion). This is common in developing countries
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like Ghana where farmers tend to recall agricultural information with a lot of
discrepancies.

These Poisson regression models are part of generalized linear models with the logarithm as

the link function. According to Williams (2015), the Poisson model relies heavily on an
assumption that the conditional mean of outcome is equal to the conditional variance. But in
practice, the conditional variance often exceeds the conditional mean. The Negative binomial
regression model however, deals with this problem by allowing the variance to exceed the mean
(Williams, 2015). Unlike the Poisson model, the negative binomial model has a less restrictive
property that the variance is not equal to the mean (u) (Greene, 2008). This is represented
mathematically as follows:
Var(y/x) = 1+ ai? (5)
The negative binomial model also estimates the over-dispersion parameter a. Therefore, there is
the need to test for over-dispersion. To test for the over-dispersion, the following steps are
observed:

% You estimate the negative binomial model which includes the over-dispersion

parameter a and test if « is significantly different from zero.

Hy: a=0
Hy: a+0

o When a = 0; It comes back to the Poisson model estimates
o When a > 0; there is over-dispersion (which frequently holds with real data (Williams,
2015))

o When a < 0; there is under-dispersion (which is not very common).
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These two models (Poisson and negative binomial regression models) have shown to be very
simple for analysing count data and straightforward in interpretation. As a result, they are
gaining  greater usage by many researchers on current studies involving count data
(Winkelmann, 2015). Thus, there are a number of current studies that used Poisson and negative
binomial models (e.g. Bashiru et al., 2014; Garming and Waibel, 2007; Kim et al., 2005; Nkegbe
and Shankar, 2014; Raghu and Manaloor, 2014; Ramirez and Shultz, 2000).

The study by Ramirez and Shultz (2000) was one of the first to explore the use of Poisson
count regression models to analyse technology adoption. It was used to evaluate three technology
transfer projects in Central America: Integrated Pest Management in Costa Rica, Agro-forestry
systems in Panama, and Soil Conservation in El Salvador. However, the study by Ramirez and
Shultz (2000) has similar objectives with this current study. Another similar study with count
data that employed one of the count regression models (negative binomial regression model) is
Raghu and Manaloor (2014). Their study investigated the adoption behaviour of farm households
in three agro-biodiversity hotspots in India using the negative binomial count data regression
model to estimate the factors influencing decision-making by farmers on farm management
practices. The results of the regression revealed that farmers who received agricultural extension
are more likely to use improved farm management practices. The regression also showed a
negative relationship between cultivation of local varieties and adoption of farm management
practices.

Again, in the work of Garming and Waibel (2007), the Poison regression model was used to
analyse the impact of farmers' experiences and perceptions of health risks of pesticides on the
adoption of Integrated Pest Management (IPM) and pesticide use among small scale vegetable

farmers in Nicaragua. Using the Poisson model, the authors were able to consider two levels of
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adoption process in that study (1) the count of IPM practices tested and (2) the count of practices
actually used. The results revealed that previous experience with pesticide poisoning incidents
has significant positive effect on the number of IPM practices tested by a farmer, but not on the
adoption. Other factors, which showed significance, include school education, characteristics of
cropping system, whether or not farmers had attended training in IPM and farmers who pay wage
premiums to workers for application of pesticides.

In Ghana, the use of the Poisson and negative binomial regression models is equally gaining
prominence. Classical examples include that of Nkegbe and Shankar (2014) and Bashiru et al.
(2014). In Bashiru et al. (2014), both the Poisson and negative binomial regression models were
used in identifying the determinants of adoption of risk management practices among farmers in
the Wa East District. However, the Poisson regression model was shown to better suit the data
since the test for over dispersion accepted the null hypothesis that there is no over dispersion. In
that study too, it was observed that level of education, number of enterprises kept, farm size,
access to credit and access to extension services significantly influenced adoption of risk
management practices. Nkegbe and Shankar (2014) also used the Poisson regression model to
determine the intensity of used of soil and water conservation practices among small holders in
northern Ghana which yielded a lot of significant outcomes. From the foregoing, the Poisson

and the negative binomial regressions models are considered appropriate for this study.

2.9.3 Empirical review of adoption of EBFMPs

A lot of studies on adoption of EBFMPs have being done across the borders of Ghana (e.g.
Rasul, 2009; Rezvanfar et al, 2011; Sterve, 2011). From the study of Sterve (2011), it was
revealed that sustainable farm practices have the potential of increasing crop yield of the people

of Potshini community and upper Thukela region of South Africa but are used to a very low
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level. Three main reasons were stated to be accounting for the low adoption and these were
physical constraints (lack of resources), behavioural resistence to change and lack of knowledge.
Rezvanfar et al. (2011) also conducted a study on the adoption of organic agriculture among
small farmers in Ravansar, Iran. Major findings from the study revealed that ecological attitude,
social attitude, perceptions about organic farming and participation in extension activities are
critical in adoption of sustainable agricultural practices or ecosystem-based farm management
practices. In addition, Rasul (2009) also revealed that there are tradeoffs and synergies between
relatively more environmental sustainable and harmful land-use practices. As a result, incentives
to promote more prudent agricultural activities are needed to transform tradeoffs into synergies.
Narrowing to the borders of Ghana, studies on adoption of EBMFP have also been carried
out (e.g. Armah et al., 2013; Nata et al, 2014; Nkegbe and Shankar, 2014). Nata et al (2014)
looked at how households adoption of soil-improving practices can affect the probability of
increasing food security. The more critical thing about their findings is that, income as a variable
does not signifantly improve household food security. From the study, there might be other
factors such as weather and crop prices beyond the control of the farmer but determine food

security better than the influence of household characteristics.

2.10 Valuation of Ecosystem Services

In order to maintain the resilience of the ecosystem services and to provide solid arguments
that can inform policy, then valuation stands crucial as it serves as a reflection of what society is
willing to trade-off to sustain the natural resources (Pascual et al., 2010). According to Costanza
et al. (2014), valuation is about assessing trade-offs towards achieving human goals. And these
human goals can be in the form of spiritual enlightenment, aesthetic pleasure or the production

of some marketed commodity (Barbier et al., 2009). The value of ecosystems are most often
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attributed by economic agents through their ‘willingness to pay' (WTP) for the services that flow
from the ecosystems (Pascual et al., 2010). It is important to note that if these services of the
ecosystems are not calculated, then policy would be misleading and society in general would be
worse-off due to misallocation of the resources (Pascual et al., 2010).

Inasmuch as this economic valuation is important, understanding the procedural elements and
components involved is of higher interest for realistic and a general appreciation of outcome
values. This means that for ecosystem services valuation to become a strong consideration for
policy formulation, then it is prudent in getting the true value of them (Simpson, 2011). There
are several studies on economic valuation (e.g. Barbier et al., 2009; Costanza et al., 2014; Fisher
et al., 2011; Gomez-Baggethun and Ruiz-Pérez, 2011; Pascual et al., 2010; Rasul et al., 2011;
Simpson, 2011) which all appreciate the existence of controversies in determining the true value
of most ecosystem services, especially the non-marketed services (e.g. regulatory, cultural and
supporting services).

According to Gémez-Baggethun and Ruiz-Pérez (2011), the general critique of ecosystem
services valuation by most studies is that, attempting to give value to ecosystem services means
commodification and commercialization of the ecosystem services. Commodification in the
study was defined as the conceptual and operational treatment of ecosystem goods and services
as objects meant for trading. The basis of the critique is that, for ethical reasons, some things
ought not to be for sale or monetized since this will grossly undervalue them. A similar argument
was raised by Simpson (2011), who highlighted much on the ‘paradox of valuation' and generally
classify valuation as problematic studies. That is, ecosystem services valuation remains a flawed
exercise because scarcity or availability of the resource always have a role in determining the

monetary value of the resource irrespective of the necessity or utility of the resource. For
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example, water is a fundamental necessity of human survival yet it is always undervalued as
compared to diamond which is highly valued just because it is a scarce commodity.

There is however, a strong counter argument that valuation of ecosystem services (in
whatever units) is not the same as commodification of ecosystems (Costanza et al., 2014; De
Groot et al., 2012). It is a misconception to assume that valuing ecosystem services in monetary
units is the same as privatizing them or commodifying them (Costanza et al., 2014). This is
because the main objective of the valuation exercise is to determine the extent to which an
individual or group of people appreciate the free resources or services provided by nature. This
can realistically be achieved through the allocation of monetary units since money has a global
recognition. Also, according to De Groot et al. (2012), the measure of the ecosystem services
flows and their values in monetary units is just a fundamental step to provide guidance in
understanding user preferences and the relative value current generations place on ecosystem
services. Again, it serves as a platform in raising awareness, improving management
mechanisms and providing a framework for decision making (Rasul et al., 2011).

Other issues that are worth understanding when determining the value of ecosystem services
are "services verses benefits"”, "price verses value" and "here and now" verses "there and then"
(Fisher et al., 2011). According to Fisher et al. (2011), it is important getting a clear distinction
between services and benefits to avoid double counting or valuation. It is therefore necessary in
valuation exercise to value endpoints that have a direct effect on human welfare. Fisher et al.
(2011) added that price is simply a portion of an underlying value hence decision makers should
be interested in value rather than price. As a result, in measuring value, one needs to employ
willingness to pay (WTP) rather than what actually has to be paid. They however, added that, the

value of an ecosystem service is dependent on where the service is delivered and the time at
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which the value is being assessed. The fact that valuation is temporally and spatially contextual
IS what is meant by "here and now" verses "there and then". Inculcating all these issues in the

valuation and analysis will better give a wider appreciation of the values by readers.

2.10.1 The theoretical concept of contingent valuation method

Another issue with regards to economic valuation is the choice of the most appropriate
valuation method for a given service. According to De Groot et al. (2012), the choice of the
valuation method depends on the purpose of the valuation and the socio-economic and
environmental context. However, most studies (e.g. Costanza et al., 2014; Fisher et al., 2011;
Pascual et al., 2010; Rasul et al., 2011) acknowledge the use of contingent valuation method
(CVM) in determining the value of most regulatory, cultural and supporting services of the
ecosystems. The contingent valuation method is a survey based technique mostly used for
measuring values of most environmental goods and services which are non-market resources.
The survey creates a hypothetical market for the amenity such that responses can be evaluated in
a manner equivalent to a behavior observed in the markets (Mendelsohn and Olmstead, 2009).
This method measures non-market goods by eliciting the amount people are willing to pay
(WTP) for such a good.

According to Ehiakpor el al. (2015), the theoretical concept of WTP can be traced to the
Hicksian measurement of Compensating Variation (CV) and Equivalent Variation (EV). From
the theoretical concept, a farmer who appreciates or gets the benefits of using EBFMPs obtains a
higher satisfaction level or utility hence attached with a higher indifference curve. On the other
hand, a farmer who less appreciates the benefits of employing EBFMPs is associated with a less
utility and as a result placed at a lower indifference curve. The primary logic behind the use of

this valuation method is to assess how farmers cherish the functions performed by the
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ecosystem-based farm management practices and to determine the value being placed by farmers
on the ecosystem-based farm management practices.

From Figure 2.2, IC> has a higher utility than 1C1 and shows an improvement in satisfaction
of the services of the EBFMPs and vice versa. In reality, farmers employ EBFMPs and inorganic
farm practices together deriving a certain level of satisfaction (IC1) at equilibrium (E1) given a
constraint budget line (BL1). An increase in the utility derived from using EBFMPs overtime will
place farmers' indifference curve at a higher level (ICz), implying they are willing to adopt more
EBFMPs or willing to pay for more services from EBFMPs. The high adoption of EBFMPs will
reduce cost on production (less inorganic fertilizer and chemicals will be used), making farmers'
real income to increase on the assumption that output levels, prices and other factors are held
constant. This will intend cause the budget line to rotate out, setting a new budget line (BL>) and

equilibrium point (E2) with a higher indifference curve (IC>).
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Figure 2.2: Indifference curve showing farmers WTP

Source: Author' construction (2016).
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2.10.2 Empirical Review of Contingent Valuation Method for EBFMPs

There are many similar studies under ecosystem services that employed the CVM to estimate
people's WTP for the sustainability of those services. Among these studies include Alemayehu
(2014) that used the CVM to estimate smallholder farmers mean WTP for improved irrigation
water in Koga irrigation project, Ethopia. The findings revealed that majority of the households
show positive commitment in paying for improved irrigation water facilities. The responses from
the hypothetical market scenario also indicates a mean WTP value of 6.78 US dollars and a total
WTP value of 92,951.34 US dollars by households for improved irrigation water facilities.
Factors that significantly affected households' WTP for improved irrigation water facilities are
educational level, household size, gender, first bid, total family income and cultivated landsize.

Another study that employed the CVM for analysing sustainable farm practices is Danso et
al. (2006). The study used the CVM to estimate farmers WTP for compost from municipal waste
among urban and peri-urban farmers. It was revealed from the study that effective demand for
compost for agricultural purposes is low and limited by farmers' transport cost. In addition,
Ansong and Rgskaft (2014) also estimated the WTP value for sustaining the forest reserve in
Western Region of Ghana using the CVM. The monthly mean WTP per respondent estimated
was between GH(C2.22 and GH(2.26 (1.59 to 1.61 US dollar for 2009 rate). It was also revealed
that high income earners and older people were much willing to pay for higer amount than low
income earners and younger people. In summary, the contingent valuation method proves to be
more appropriate valuing regulatory, cultural and supporting ecosystem services. The contingent
valuation method however, has certain limitations and advantages that need to be acknowledged

(Figure 2.3).
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CONTINGENT VALUATION METHOD

4L

LIMITATIONS

The values are subjective and depend
much on utility.

Respondents' lack of knowledge can
underestimate or overestimate values.
People’s purchasing market decision is
always likely to influence their
willingness to pay for a non-commodity
good.

There might also be a strategic bias
when respondents do things to
influence a particular outcome.

The environments of the respondents

4L

STRENGTHS

It is very flexible in measuring or
estimating any economic value.

It is widely acknowledged for
measuring non-use values, passive use
values and all types of values
including use-values.

Even though competent survey analyst
is required to defend estimates, it is
very easy to interpret since the
monetary units can be used to measure
willingness to pay.

Since results rest on willingness to pay

or willingness to accept, estimates are
logically valid and reliable.

also largely influence their willingness
to pay value.

e The estimate requires competent survey
analyst to defend estimates.

Figure 2.3: Strengths and Limitations of CVM

Source: King and Mazzotta (2000).

2.11 Livelihoods and Ecosystem Services

The management and conservation of ecological resources has been identified as one of the
key approaches that has the potential of enhancing and sustaining the livelihood conditions of
most people, especially those with a direct contact with nature (Nzama, 2009). In the same vein,
the use of ecosystem-based farm management practices will have a direct effect in sustaining the
livelihoods of irrigation farmers since largely their livelihoods revolve around farming. It is

therefore important for this study to consider how farmers' value and their willingness to
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conserve the ecosystem services in arable lands could help enhance their livelihoods and general
wellbeing.

Livelihood is a social concept and currently has greater currency and a wider appreciation
than poverty as it comprises people, their capabilities, assets (including both material and social
resources) and activities required for a means of living (Meikle et al., 2001; Sheheli, 2012).
Simply, livelihood can be defined as " a means of gaining living", which refers to the way of
living rather than income and consumption alone (Sheheli, 2012). Livelihood is sustainable when
it is resilient to shocks and stresses, and does not adversely affect the environment (Meikle et al.,
2001). This means that the health of the environment constitutes a major determinant in dictating
how sustainable a group of people’s livelihood will be.

Generally, the concept of livelihood has a broader scope to include not only income
generating activities pursued by a household or an individual, but includes the social institutions,
intra-household relations and mechanisms of access to resources through the life cycle (Sheheli,
2012). To have a clear picture of the concept of livelihood, one needs to identify the building
blocks it rests on. According to the UNDP (2013), the building blocks of livelihoods are referred
to as capital assets. These capital assets include human capital ( skills, knowledge, experience
and capacities), natural capital (natural resources such as water, land , forests, and minerals),
physical capital (infrastructure, water and sanitation facilities, information and communication
technology, housing, schools, health facilities and other community and government structures),
financial capital (such as savings, credit, remittances, enterprise holdings, insurance, pensions
and livestock), political capital (access to and participation in decision making processes) and
social capital (networks, group memberships, and social relationships). This broad variables of

livelihood makes it a better option for analysis than poverty. According to Sheheli (2012),
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emphasis on the study of livelihood is because it actually provides a holistic information that can
reveal how and why people survive (or fail to survive) difficult times so as to reduce
vulnerability. In the same vein, this study seeks to determine how farmers survive and how their
willingness to conserve the ecosystem services on their farms can have an effect on their
livelihood.

Various studies (e.g. MA, 2005; MA, 2007; IUCN, 2004) have been carried out which ties
ecosystems conservation practices with that of livelihoods. According to the MA (2007),
ecosystem conservation practice is a principal driver of poverty alleviation and enhances general
socio-economic conditions of people. The report asserts that, majority of the world's population
have their livelihood engagements that depends strongly on the ecosystems hence the
conservation of the ecosystems will affect positively the livelihoods of the people, especially the
poor and vulnerable. Similarly, IUCN (2004) suggested that what makes ecosystem restoration
practices (including the use of EBFMPs) uniquely valuable are their inherent capacity to provide
people with the opportunity not only to improve their livelihood conditions but also to repair
ecological damage. The benefits of ecosystem restoration are quite obvious since it can improve
biodiversity conservation and ecosystem productivity, empower local people and aggregately
improve livelihoods (Ibid). What is also very important is the ability of those conservative
ecosystem practices to renew economic opportunities and subsequently contribute to the
improvement of human well-being or livelihood (IUCN, 2004).

According to Gross et al. (2014), a study in the Dominican Republic revealed that a
coordinated effort to support smallholder shade coffee farmers offer a better potential to
improve rural livelihoods and the resilience of the ecosystem services than the practice of

cutting down trees. The reason is that, unsustainable tree-cutting practices for high-input
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monoculture cropping to meet the household economic pressures rather threatens natives' trees
biodiversity and the provision of ecosystem services (e.g. delivery of clean water and carbon
sequestration) to local beneficiaries. Findings from Sudmeier-Rieux et al. (2006) also suggest
that a well-managed productive ecosystems can support sustainable income generating activities
and are equally important assets for people and communities even in the aftermath of a disaster
(such as drought and floods). This is because, a healthy ecosystem has the capacity to mitigate
quickly the impact of most natural hazards and also provide a lot of livelihood alternatives that
people can depend on (e.g. the provision of fruits). Again, Assan and Beyene (2013) in a study
conducted in selected rural communities of Ethiopia found that even in the era where climate
change and environmental variability is having an overwhelming impact on the economic
conditions of rural households, ecosystems conservation and sustainable development
interventions have been posited as the most effective approach in addressing both environmental
degradations and households livelihood conditions.

In Ghana, similar studies (e.g. Boafo et al., 2014; Hapsari, 2010; Mwingyine, 2008) have
been carried out which link people's livelihoods to the resilience of the ecosystems. According to
Mwingyine (2008), about 93% of the people of Sissala West District of Ghana depend on the
health of the ecosystems as they engage in farming as their major source of livelihood. In the
study, non-sustainable land use practices pose a serious threat to livelihoods as the land is fast
degrading and people are sinking gradually into poverty. The study revealed that agricultural
activities such as land preparation, continuous cropping, farming near water courses, grazing
activities and wood harvesting for various purposes are major contributory factors to loss of soil

fertility, drying up of water bodies and worsening rainfall patterns in the area. These
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environmental problems impact negatively on livelihoods sources such as poor crop production,
low animal production and reduced dry season economic activities.

Boafo et al. (2014) looked at how the provisioning services affect rural households'
livelihood in the Tolon and Wa-West districts. The study examined the key dynamics of the
provisioning services and discussed the major factors influencing their supply and utilization.
The finding of the study was that, approximately 80% of the households in all study sites depend
primarily on the provisioning services of the ecosystems for livelihood sustenance. It is therefore
quite clear that livelihood of most households especially those in the Savannah area of Ghana
depend much on the health of the ecosystems, hence the need for ecosystem studies cannot be

overstated.

2.11.1 The theoretical concept of treatment effect model (Adjustment regression)

A farmer uses EBFMPs in anticipation for improvement in his/her livelihood. Meanwhile,
farmers who have improved livelihood may already have inherent characters that make them to
have higher livelihood outcomes. These inherent characteristics might not be observable to
researchers but could be contributing to the observed improved livelihoods of farmers. Thus, the
unobservable factors together with the adoption of EBFMPs might be influencing livelihoods of
farmers and this may bias the estimates if not dealt with. In order to deal with this therefore, the
study employed a treatment effect model (regression adjustment) that allows for the true effect of
the treatment (i.e. adoption of EBFMPs) on livelihoods of farmers to be determined.

According to Verbeek (2008), a treatment effect refers to the impact of receiving a certain
treatment (such as adoption of EBFMPS) upon a particular outcome variable (in this case,
average livelihood status score (ALSS) of farmers). The treatment effect ensures that the effect

on the outcome variable (livelihood) is solely attributed to the selection variable (adoption
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category) and not any other factors (Verbeek, 2008). The key problem treatment effect solves is
selection bias, which arises from the fact that high adopters of EBFMPs differ from low adopters
of EBFMPs other than the adoption status as a sole reason. In reality, making a simple regression
(ordinary least squares) comparison might yield misleading estimates of causal effects. As such,
a treatment effect method (regression adjustment) would be more appropriate. The treatment
effect method (regression adjustment) goes beyond the idea of using sample means to estimate
treatment effects but rather, it uses a regression model to predict potential outcomes adjusted for
the covariates (Stata, 2013).

The advantage of the treatment effect model is that, it enables the researcher to determine the
potential outcome means (POMs) of farmers’ livelihood, the average treatment effect (ATE) of
adoption on farmers’ livelihood and the average treatment effect on the treated (ATET).

According to Verbeek (2008), the treatment effects are computed mathematically as follows:

Given:

(6)

t; =1 for treatment
t; = treatment category( . >
t; = 0 for otherwise

The treatment category can be likened to adoption category of this study, where t; = 1
represents high adopters of EBFMPs and t; = 0 represents low adopters of EBFMPs. In the
study, a farmer is classified as a high adopter of EBFMPs if he/she uses four (4) or more

EBFMPs. A farmer who uses less than four (4) is classified as a low adopter.

in

= potential outcome of livelihood score for ith farmer if he/she is a lower adopter

.VIl'

= potential outcome of livelihood score for ith farmer if he/she is a higher adopter
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then,

ATE = E{yy; — yoilxi} (7)
where:

ATE = Average treatment ef fect

x; = characteristics of ith farmer

This estimation is however still criticized in the sense that, it does not give the effect on only
those who have received treatment (Stata, 2013), which in this case is high users. In that regard,
it will be prudent if the population of interest is properly specified by employing the average

treatment effect on the treated (ATET).

ATET = E{y1; — yoilxi, t; = 1} (8)
According to Stata (2013), the potential outcome model specifies that the observed livelihood

score (y) is y, when the adoption category (t) = 0 and that y is y; when t = 1. This is

expressed mathematically as

y=00-0yo+ty €))
The functional forms for y, and y, are:
Yo =x'Bo + & (10)

yi=x'f1+¢& (11)

2.12 Summary of Key Findings of the Literature Review and Conclusion
Findings from the literature review suggest that the adoption level of ecosystem-based farm
management practices (EBFMPs) in Ghana is low even though many programmes and policies

have been carried out on sustainable land management. There is no much attention given to
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farmers’ perceived knowledge of EBMFPs when considering the factors that determine the
intensity of adoption of sustainable farm practices. The Poisson and Negative binomial models
are considered efficient when analysing factors that determine the intensity of adoption (e.g.
Bashiru et al., 2014; Garming and Waibel, 2007; Kim et al., 2005; Nkegbe and Shankar, 2014;
Raghu and Manaloor, 2014; Ramirez and Shultz, 2000).

The critical issue on the literature review was the controversy about how realistic it is to
place value on ecosystem services and thus determining their true value (e.g Barbier et al., 2009;
Fisher et al., 2011; Gomez-Baggethun and Ruiz-Pérez, 2011; Pascual et al., 2010; Rasul et al.,
2011; Simpson, 2011). However, counter findings suggest that valuation of ecosystem services
in any unit is just a mechanism of determining how people appreciate free resources provided by
nature and not as perceived to be commodification of ecosystems (Costanza et al., 2014; De
Groot et al., 2012). The contingency valuation method has also been acknowledged as one of the
effective tools in eliciting people’s WTP value even though the tool has its own flaws (e.g.
Costanza et al., 2014; Fisher et al., 2011; Pascual et al., 2010; Rasul et al., 2011).

Another key issue on the literature review was about how people’s livelihoods are closely
tied with nature or the ecosystems. The findings suggested that livelihoods of most people in the
Africa continent depend on the health of the ecosystems and the services provided (e.g. Boafo et
al., 2014; Hapsari, 2010; MA, 2007, MA, 2005; Mwingyine, 2008). These findings from the
literature review show that a study to consider the ecosystem-based farm management practices
(EBFMPs) that exist in a particular agro-ecosystem, determine the factors that significantly
influence farmers’ adoption, determine farmer’s WTP value for the sustainability of the EBMFPs

and how this generally affect their livelihood is relevant.
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CHAPTER THREE

METHODOLOGY

3.1 The Study Setting

The study was conducted in the Kassena-Nankana area (KNA) of Upper East Region, Ghana.
The Kassena-Nankana area is made up of the Kassena-Nankana West and the Kassena-Nankana
East Districts. The Upper East Region in which the study districts are located falls within the
Sudan-Savannah Vegetation Zone with only one raining season in a year (May-September). The
Upper East Region, with Bolgatanga as the capital has a total population of 1,046,545 with
506,405 (48.39%) males and 540,140 (51.61%) females (GSS, 2012). The region can boast of
prominent irrigation schemes such as the Tono and Vea irrigation schemes, which are largely
used for dry-season agricultural activities. The region is located at the north eastern-most part of
Ghana. It shares borders with Burkina Faso to the north, Togo to the east, Upper West Region to
the west and Northern Region to the south.

The Kassena-Nankana area also has a total population of 180,611 with about 61% from the
Kassena-Nankana East and 39% from the Kassena-Nankana West (GSS, 2012). From Figure 3.1,
the Kassena-Nankana area shares boundaries with Burkina Faso to the north, Bolgatanga
Municipal to the east and Builsa District to the south-west. About 69% of the total population in

the area are into agriculture (http://kassenanankana.ghanadistricts.gov.gh/?arrow=atd& =105&s

a=1271). The Tono irrigation scheme (Government managed) is located in the Kassena-Nankana
East District specifically Navrongo. Also, a lot of community-managed irrigation schemes are

located in the same area.
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The Tono irrigation Project is one of the two irrigation projects under the management of
Irrigation Company of the Upper Region (ICOUR). The scheme lies between latitude 10°45'N
and longitude 1°W. It has a potential area of about 3,840ha with an irrigable or developed area of

2,490ha (http://mofa.gov.gh/site/?page _id=3032). The main source of water for irrigation is from

the Tono dam. The community-managed irrigation schemes in the Kassena-Nankana area are
numerous but a few include the Saboro irrigation scheme, Doba irrigation scheme, Goo irrigation

scheme, Nembasinia irrigation scheme, and Pungu-Talenia irrigation scheme.

. DISTRICT MAP OF THE UPPER EAST REGION, GHANA
Study area ] 5 h !
Legend

g- = DistrictCapitals
[ Garu-Tempane
[[] Talensi- Nabdam
I Bolga Municipality
Bawku Municipality

g- LT 1 I 1 I kassena- Nankana East & West

o 15 30 60 [ Builsa District
Kilometers Bawku West

[ sBongo

230000 2900000 320000 350000 380000

Figure 3.1: A map of Kassena-Nankana Area (KNA) in Upper East Region of Ghana

Source: https://www.researchgate.net/fiqure/281340874 fig2
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3.2 Sampling Procedure and Sample Size

3.2.1 Sampling procedure

The multistage sampling technique was employed for the study. In the first stage of the
sampling, the schemes were divided into community-managed and government-managed
irrigation schemes of which three (3) communities each were randomly selected from the
community-managed and government-managed irrigation schemes. The three (3) randomly
selected for the community-managed irrigation schemes are Paga-Nania, Saboro and Pungu-
Telania communities and that of the government-managed irrigation scheme are Bonia, Korania
and Biu communities (Figure 3.2).

In the second stage, a non-proportionate simple random sampling technique (Agyedu et al.,
2013) was used to select the required number of irrigated households from each community.
Fifty (50) irrigated households were sampled for each community as shown in Figure 3.2.
According to Agyedu et al. (2013), for any meaningful and more precise comparisons to be
made, then a constant sample from each group, in this case community is critical. In the last
stage, one irrigator was randomly selected from each irrigated household for the questionnaire

administration.
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—” Bonia 50 Irrigated households

Government Managed

Korania irrigation scheme 50 Irrigated households
Irrigation Schemes ] >

| Biu irrigation scheme 50 Irrigated households

household

| Paga irrigation scheme 5 50 Irrigated households

Community

Managed Saboro irrigation scheme

— 50 Irrigated households

Irrigation Schemes

A Total Sample of 300 Farmers selected from each

| Pungu-Telania Irrigation 50 Irrigated households
—)
Scheme

First Stage: Second Stage: Last Stage
Simple random technique Simple random technique

Figure 3.2: Diagram showing the sampling procedure and sample size

Source: Author’s construction (2016).

3.2.2. Sample size determination

From the Navrongo Health Research Centre (Unpublished), a total of 2,590 households can
be identified from the six selected communities with Saboro having 471 (18%) households,
Pungu-Talenia with 447 (17%) households, Korania with 361 (14%), Bonia with 311(12%), Biu
with 608 (24%) and Paga-Nania with 392 (15%). Again, from personal extrapolation, about 70%

(1813) of the households in the selected communities are irrigated households which falls in line

52



7

s

TINIWVER SIT YW FOR O IDODOEWETL  OPMNIEDNTLT S TLOIDIES

www.udsspace.uds.edu.gh

with the estimated figure of 68.6% of Kassena-Nankana population engaged in agriculture

(http://kassenanankana.ghanadistricts.gov.gh/?arrow=atd& =105&sa=1271). From the sample

frame of 1813 irrigated households, 300 households (about 17% of the sample frame) were
selected randomly for the study with each community being allocated fifty households each. The
selection of 17% is consistent with the view of Agyedu et al. (2013) that a sample of 10 percent
to 20 percent of any population is always enough to generate confidence in the data collected and

for subsequent generalisations.

3.3 Type of Data Collected and Instruments Used

Primary data in the form of quantitative and qualitative data were collected for the analysis.
Semi-structured (open and closed ended) questionnaires were used for data collection. The
questionnaire administration was done through face-to-face interactions with farmers in the six

selected communities. The data collection was done from January to February, 2016.

3.4 Analytical Framework

The data were entered in Excel 2013 and exported to Statal3 for analysis. The study
employed descriptive statistics, inferential statistics and econometric models to analyse the data
and the results presented in the form of tables, charts, and diagrams. The proceeding subsections

describe in detail how the objectives were achieved.

3.4.1 Identification and description of EBFMPs used by farmers in KNA
Since the first objective is more qualitative in nature, descriptive statistics was used to
analyse it. To identify the number of EBFMPs used, data were collected on the farm practices

employed by each farmer in irrigation and rain-fed farming. These practices were then grouped
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into EBFMPs and non-EBFMPs. The mean percentages of each EBFMP used by farmers under
community and government managed irrigation schemes were then computed to describe the
percentage at which each EBFMP was used by farmers under the two types of irrigation
schemes. The results were presented in tables and charts followed by narrative descriptions of
each EBFMP and the role played in maintaining the health of the agro-ecosystems. Pictures were

used to give a picturesque understanding of the EBFMPs employed by farmers.

3.4.2 Estimating factors influencing the adoption of EBFMPs in KNA

The second objective seeks to examine the factors that influence the adoption of EBFMPs.
As such, the Poisson and negative binomial models were employed to achieve that objective.
These count models (Poisson and negative binomial models) were used because the farm
practices are discrete and a farmer can practice two or more ecosystem-based farm management

practices within a season.

3.4.2.1 Empirical model for identifying the determinants of EBFMPs

In order to identify the determinants of adoption of the ecosystem-based farm management
practices (EBFMPs) by the farmers, the study regressed the log of the number of EBFMPs used
by farmers on the socio-economic factors. First of all, the data were divided into two and
regressed differently for the community managed and government managed irrigation schemes.
Secondly, the composite data were used to regress the log number of EBFMPs used by farmers

on the socio-economic factors.

Community managed irrigation scheme (CIS)

Logy; = By + B1Age; + Bsex; + BsEduc_d.; + B,Ext.serv.;+ [sFm.distance;
+ B¢Soil.perceptn; + [, Fsize; + B Knw.EBMFP; + ¢; (12)
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Government managed irrigation scheme (GIS)

Logy; = Bo + f14ge; + Pasex; + 3Educ_d.; + B4Ext. serv.;+ [sFm.distance;
+ BeSoil.perceptn; + [, Fsize; + fg Knw.EBMFP; + ¢; (13)

Government and Community managed irrigation schemes (overall)

Logy; = Bo + P14ge; + Pasex; + B3Educ_d.; + B4Ext. visits.;+ PsFm.distance.irr;
+ +fsSoil.perceptn; + B, Fsize.irr; + fg Knw.EBMFP; + Bo Irig;
+ & (14)
where:
Age; = Age of farmer
Sex; = Sex (1 = if female, 0 = male)

Educ_d.; = Education (1 = had formal education (JHS education and above),

0 = primary and no formal education)

Ext.visits; = Extension visits (1 = received at least 2 extension services last season,

0 = received 1 or no extension service last season)
Fm.distance.irr; = Irrigable farm distance from home ( kilometers)

Soil.perceptn; = farmers'perception of irrigated farm soil fertility (1 = fertile,

0 = not fertile)
Fsize.irr; = Irrigable farm size

Knw.EBFMP;
= Perceived knowledge of EBFMPs (indexed on the importance of EBFMPs)

Irig_type; = category of irrigation (1 = if community managed, 0

= if government managed)
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Y, = [0 =if farmer fails to adopt any of the practices,
1 = if farmer adopts only one,2 = if farmer adopts two,
3 = if farmer adopts three,4 = if farmer adopts four,

5 =if farmer adopts five,...n]

Table 3.1: Definition of variables and apriori expectations for adoption models

Variable Variable definition Units of measurement Expected
Sign
Y EBFMP Number of EBFMPs used
Age Age Years +/-
Sex Sex Dummy (1=female, 0=male) +/-
Educ_d Education Dummy (1=had formal +
education (JHS and above),
O=below JHS)
Ext.serv. Extension services Dummy (1=received at least 2 +
extension services last season,
0= received 1 or no extension
service)
Fm.distance.irr Distance of irrigated from Kilometers -
home
Soil.perceptn Farmers’ perception of soil Dummy (1=fertile, O=not fertile) -
fertility
Fsize.irr Irrigable farm size Acres -
Knw.EBFMP Perceived Knowledge of Indexed on each EBFMP +
EBMFPs importance stated
Irig_type Category of irrigation Dummy (1= CIS, 0=GIS) +

Source: Author’s construction, 2016.
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3.4.3 Computing WTP value for EBFMPs sustainability and willingness to pay levels

The Contingent Valuation Method (CVM) was used to elicit farmers’ willingness to pay
(WTP) for the sustainability of the EBFMPs and the value they are willing to pay. The iterative
bidding technique was employed to determine the amounts (in Ghana cedi) farmers are willing to
pay to sustain the services provided by the EBFMPs. The amount a farmer is willing to pay to
sustain the EBFMPs was obtained by finding the average value of minimum and maximum
amounts he/she is willing to pay, which is presented mathematically as follows:

- WTP

in! wTP

+ Max;
2

wrp, =X (15)

where:

WTP; = the amount a farmer is willing to pay to sustain the EBFMPs

Min"™? = the minimum amount a farmer is willing to pay to sustain the EBFMPs
Max}"™ = the maximum amount a farmer is willing to pay to sustain the EBFMPs

This was to ensure that farmers do not overvalue or undervalue the services provided by the
EBFMPs. The mean willingness to pay amount by farmers for sustaining the EBFMPs was then
computed as follows:

_ WTP;
WTP = 2 L

. (16)

where:

WTP = the mean amount farmers are willing to pay to sustain EBFMPs
Z WTP; = sum of individual farmers' willingness to pay amount to sustain EBFMPs
n = number of individual farmers
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The mean comparison t-test was used to test whether there is statistical significant difference
in the mean willingness to pay values for farmers under community-managed irrigation schemes
and government-managed irrigation scheme. It further tests which particular irrigation scheme
type have a greater mean willingness to pay value. Charts were used to present the proportion of
farmers willing to pay for EBFMPs sustainability under the community-managed and

government-managed irrigation schemes.

3.4.4 Estimating the effects of using EBFMPs on livelihoods of farmers

The forth objective seeks to analyse the effect of EBFMPs on the livelihood outcomes of
farmers. As such, a treatment effect model (regression adjustment) was used to achieve that
objective. This was to ensure that farmers are placed at the same pedestal for the true effect of
the EBFMPs to be achieved. Again, an average livelihood status score (indexed) was used to
measure the livelihoods of the farmers. The proceeding subsections give details of how the

treatment effect model was employed and how farmers’ livelihood was measured.

3.4.4.1 Empirical representation of treatment effects
The empirical representation for determining the treatment effects of EBFMPs adoption on
livelihoods of farmers are expressed as:

ATE = E(yy; — yoilAge;, Sex;, Educy, HH. size;, F. size.irr; , Remittances;, Off —
farminc;., Irrig_type;) (17)

ATET = E(yy; — YoilAge;, Sex;, Educy, HH. size;, F. size.irr; , Remittances;, Off —
farminc;., Irrig_type;, t = 1) (18)

The functional forms of the potential outcome models are:

vii = Bo + B1Age; + B.Sex; + B3Educ.d; + f,HH.size; + BsF.size.irr;
+ [gRemittances + ,0ff — fm.inc; + Bglrrig.type; + &; (19)
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Yoi = Po + P14ge; + [2Sex; + f3Educ.d; + f,HH.size; + BsF.size.irr + [qRemittances
+ B,0ff — fm.inc; + Pglrrig. type; + &; (20)

where:

Y1i

= potential outcome of average livelihood status score (ALSS) if farmer had adopted high

Yoi

= potential outcome of average livelihood status score (ALSS) if farmer had adopted low
Age; = Age of farmer
Sex; = sex of farmer(1 = female,0 = male)

Educ.d; = Education level (1 = had formal of education (JHS education and above),

0 = no formal education)
HH.size; = Household size
F.size; = Irrigable farm size of respondent
Remittances; = Remittances received in GHC
Off — fm.inc; = Off — farm income in GHQ

Irrig.type; = Type of irrigation scheme (1 = if community managed,

0 = if government managed)

Note: With regression adjustment, we do not need to specify the treatment model but only

required to select the treatment variable (Stata, 2013).
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Table 3.2: Definition of variables and apriori expectations for treatment effect model

Variable Variable definition Units of measurement Expected
Sign
ALSS Average livelihood status Index of livelihood indicators
score
Age Age Years +/-
Sex Sex Dummy (1=female, 0=male) +/-
Educ.d Education Dummy (1=had formal education +
(JHS and above), 0= below JHS)
HH.size Household size Number of people in household +
F.size Irrigable farm size Acres +
Remittances Remittances Ghana cedi +
Off-fm.inc Off-farm income Ghana cedi +
Irrig_type Category of irrigation Dummy ( 1=CIS, 0=GIS) +/-

Source: Author’s construction, 2016.

3.5.3.2 Livelihood indicators and measurement of ALSS of farmers

There are indicators that one needs to consider when measuring livelihood. The indicators
that were used to measure the livelihoods of farmers include food availability, housing condition,
health situation, water facilities, sanitation, participation in social activities, decision-making in
cash expenditure (Sheheli, 2012), health of the ecosystem services and income. The ‘Average
Livelihood Status Score’, adopted and modified from Sheheli (2012) was used to measure the
livelihood status of the farmers. The above mentioned livelihood indicators were indexed to
compute the average livelihood status score of the farmers. Below is a detail discussion of these

livelihood indicators and how they were measured.
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a) Food availability

Food availability is one of the major indicators used to determine the livelihood status of
people. It has a multi-dimensional effect on people's nutritional health, education and general
physical soundness of which a setting like Ghana is not an exception (Young et al, 2001). The
food availability indicator was measured by considering the accessibility of food in farmer’s
household throughout the whole year. The scoring for food availability was ‘3’ for sufficient, ‘2’
for insufficient and ‘1’ for extreme shortage. The total score for food availability ranged from 12
to 36. A person with a score of 36 means the person is food sufficient throughout the year. On
the other side, a person with a score of 12 means the person has extreme shortage of food.

Appendix B gives a tabular representation of how food availability was scored and measured.

b) Housing condition

To measure the livelihood of a person, then one needs to consider the housing condition of
that individual. Housing is an important asset to farmers as it serves as shelter and sometimes
used for both productive (renting rooms) and reproductive purposes (Meikle, 2002). The housing
condition indicator was measured by considering the current condition of farmers' house
facilities. Some of the facilities that were considered include number of rooms that are roofed
with roofing sheets, number of rooms built with cement blocks, number of rooms floored,
ownership of house and general impression. The overall score of a farmer was obtained by
summing the scores from the five housing characteristics. The possible score ranged from 5 to
16. A score of 16 represented a farmer with owned house and of better condition and a score of
5 represents a farmer in a poor condition house. See appendix B for details on scoring and

measurement.
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¢) Health situation

The health of a person and the household is very important for his/her total development. In
that regard, including health characteristics in the analysis is paramount to determine the
livelihood status of the farmers. The health situation of farmers was considered in two
perspectives namely; availability of health facility and access to health treatment. The
availability of health facility was measured with a maximum score of 2 and a minimum score of
1. The access to health treatment was measured by considering whether a farmer’s household
are subscribers of the National Health Insurance Scheme (NHIS) or have money to access health
treatment. The maximum score was 9 meaning a farmer always has full access to health
treatment and the minimum score was 3 meaning a farmer has no access to health treatment.

Appendix B gives a further explanation of how farmers’ health situation was measured.

d) Water facilities

The water facilities indicator was also measured in three dimensions- water sources,
availability of drinking water and perceived quality of drinking water. The source of water was
measured by considering the sources farmers’ households get water for drinking, cooking,
bathing and other domestic purposes. Here, the possible score ranged from 1 to 4 with 4 being
the maximum score and 1 the minimum score. Water from borehole/pipe was scored 4,
mechanized well 3, uncovered well 2 and water from river/pond 1. Perceived quality of drinking
water score ranged from 1 to 3. A farmer who perceives the water to be good or clean was scored
3, a score of 2 was given to a farmer who perceives the water to be clean but smells and a
minimum score was given to a farmer who perceives the water to be unclean. Water availability
was measured considering if it is adequate, inadequate or scarce. The score ranged from 12 to 36.

A maximum score of 36 means the farmer has adequate water available throughout the year and
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a minimum score of 12 means the farmer has scarcity of water. The total score for water facilities
was obtained by summing all the three dimensions. The score ranged from 14 to 43 as shown in

appendix B.

e) Decision-making in cash expenditure

This refers to the level of decision making of a farmer on how to spend money on household
demands. The household demands include daily expenditure, investment on land, children's
education, health and household assets. The score for this indicator ranged from 5 to 20, where 5
indicates ‘low level of decision-making on cash expenditure’, i.e., the farmer depends highly on
extended family members to take decisions, and a maximum score of 20 indicates ‘high level of
decision-making on cash expenditure’, i.e. the farmer takes all decisions by himself/herself. See

appendix B for details on measurement.

f) Sanitation

Sanitation is another key indicator for measuring livelihood especially in the Ghanaian
setting. This was measured by considering two sub-dimensions- possession of a toilet facility and
condition of the toilet. Possession of a toilet facility ranged from 1 to 3 with 3 being the
maximum score indicating a farmer who have his/her own household toilet, a score of 2 for those
depending on public toilets and 1 being the minimum score representing a farmer with no toilet
facility. The condition of the toilet also ranged from 1 to 3 with 3 representing a farmer with a
good hygienic toilet facility and 1 indicating a farmer with an unhygienic toilet facility. See

appendix B for details on measurement.
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g) Participation in community gatherings
Participation in community gatherings looks at the extent to which a farmer can easily visit
any social gathering. The scoring ranged from 1 to 2 with 2 indicating the freedom to participate

in any gathering, 1 indicating limited freedom to participate.

h) Health of the ecosystem services

Ecosystems provide enormous services that have both direct and indirect connection with
livelihoods of farmers. As a result, this indicator seeks to determine how farmers' livelihoods
have been affected by the ecosystems services within the area. The highest score is 30 meaning
the ecosystem services are sustained to contribute to farmers' livelihoods and the minimum score
is 10 meaning the ecosystems services in the area are worsened hence can less contribute
significantly on farmers' livelihoods. The parameters used to measure the ecosystem services are

shown in appendix B.

i) Income

Another core indicator of livelihood measurement is total income. This includes the sum of
monies received as remittances, off-farm income and farm income (both rain-fed and irrigation).
These incomes have a significant effect on farmers’ livelihoods in the Ghanaian setting and
hence cannot be excluded when computing livelihood scores of a person. The highest score for
the income is 11 meaning a farmer has income above Gh(€10,000 and the minimum score is 1 if
a farmer has income value less than Gh(C1,000. The distribution of the total income categories is

presented in appendix B.
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3.5.3.3 Development of farmers’ Average Livelihood Status Score (ALSS)
The ALSS was calculated in two steps. First of all, individual farmer’s indicator percentage
score (IFIPS) was determined for each of the livelihood indicators. Thereafter, the average

livelihood status score (ALSS) was computed on the score of the identified livelihood indicators.

a) Calculation of Individual Farmer’s Indicator Percentage Score (IFIPS)
» Individual farmer’s indicator percentage score (IFIPS):

k

. IFFs]

where:

IFIPSF

= individual farmer's indicator percentage score of k livelihood indicator for ith farmer

IFFSF = Individual farmer's field score of k livelihood indicator for ith farmer

IFPMS* = Individual farmer’s possible maximum score for k livelihood indicator

b) Calculation of Average Livelihood Status Score (ALSS)
The ALSS of each farmer is then computed by summing all the percentage scores for each
livelihood indicator divided by the number of livelihood indicators represented mathematically

as follows:

= Average livelihood status score (ALSS):

k=9 k
—; IFIPS;
ALSS; = Zk—ln—l (22)
k
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where:

n, = number of livelihood indicators = 9

k=9
z IFIPSF
k=i

= sum of individual farmer's indicator percentage score for all the 9 livelihood indicators
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Socio-Demographic Characteristics of Farmers

The study found that the distribution of farmers is skewed towards males forming 71% of the
respondents interviewed while only 29% are females (Table 4.1). The segregated data also
revealed that a greater proportion of females are within the community-managed irrigation
schemes (42%) compared to the government-managed irrigation scheme (16%). This indicates
that women find it more appealing to be engaged under community managed irrigation schemes
than the government managed irrigation scheme. The skewedness of respondents towards males
is consistent with the findings of Seidu (2011), who reported that irrigation farming in the
Kassena-Nankana area is predominantly done by males. Until recently, farming in the area was
culturally seen as a male dominated economic activity while women were basically in-charge of
sales of farm produce and other petty trading.

From Table 4.2, the average age of farmers in irrigation farming is about 42 years with a
standard deviation of 11 years. This suggests that averagely the farmers in irrigation farming falls
within the productive age cohort. The mean age in the community-managed irrigation schemes
(about 45years) is however higher than the mean age in the government-managed irrigation
scheme (about 38years) with the associated standard deviations of 11 years and 10 years
respectively. This also suggests that, younger people engage more in the government-managed
irrigation scheme (GIS) than in the community-managed irrigation schemes (CIS). Again, it
shows that the government managed irrigation scheme is more appealing to the youth than the

community managed irrigation schemes. Moreover, a major land area of the GIS is owned by
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ICOUR hence operates as an open access system where the youth have an equal chance of
securing lands for farming.

Majority of the farmers had no formal education or had only basic education (Table 4.1). The
level of education of the respondents shows that approximately 45% had no formal education,
21% with primary education, 21% with JHS education, 11% with SHS/Voc. /Tech. education,
and 2% with tertiary and/or university education level. Narrowing it to CIS and GIS, the study
realised that over 52% of the respondents under CIS had no formal education compared to GIS
with 36%. This implies that most of the farmers under the CIS will have greater weakness in
reading and understanding new agricultural interventions or programmes. This finding is similar
to the finding of Seidu (2011), who reported that 42% of the farmers in Tono irrigation had
primary or no formal education and only 2% can be found in the tertiary education.

Furthermore, the study revealed that the mean household size of the respondents is about 6
with a standard deviation of 2 (Table 4.2). The mean household size for the CIS is however
larger than the mean household size of the GIS. From the table, the average household size of the
CIS is about 6 while that of GIS is about 5 with standard deviations of 3 and 2 respectively. This
means that farmers under the CIS relatively have larger potential household labour force to help
in farming than the farmers in GIS.

Again, it can be observed in Table 4.1 that about 65% of the respondents are married while
35% otherwise (single, separated and widowed). It also shows that 71% of the respondents are
household heads while 29% are not. From the survey, some household heads lost their spouses
and some are staying with their children alone because of broken homes. Comparatively, it can
be observed in Table 4.1 that a greater percentage of the respondents in GIS (73%) are household

heads than the respondents in CIS (69%). This further explains why most of the respondents

68



TINIWVER SIT YW FOR O IDODOEWETL  OPMNIEDNTLT S TLOIDIES

www.udsspace.uds.edu.gh

under the CIS are females relative to the GIS. Details of the statistics for the socio-demographic

characteristics of farmers are shown in Table 4.1 and Table 4.2.
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Table 4.1: Summary statistics of categorical variables

Variables Percentages
CIS GIS POOLED
Sex
Eamales 42.00 16.00 29.00
les 58.00 84.00 71.00
,  rital status
i rried 58.00 72.67 65.33
A erwise (single, separated and widowed) 42.00 27.33 34.67
a usehold head
1os 69.33 72.67 71.00
7 30.67 27.33 29.00
4 tial Soil perception
¢ il 44.67 17.33 31.00
0 tfertile 55.33 82.67 69.00
,d option
ﬁ jh adopters of EBFMPs(>mean) 62.67 26.67 44.67
" v adopters of EBFMPs(<mean) 37.33 73.33 55.33
% ucation
% formal education 52.67 36.67 44.67
{  mary education 16.00 26.00 21.00
»  Seducation 19.33 22.67 21.00
ﬁ S/Tech./VVoc. Education 9.33 12.67 11.00
¢ aching/Nursing/Agric. Ext. training 1.33 1.33 1.33
% iversity/Polytechnic education 1.33 0.67 1.00
tension services (for the past 12 months)
seived (at least two in the past season) 60.00 40.67 50.33
” 1erwise (less than two) 40.00 59.33 49.67
[ | restock rearing
\L\/) 3 75.33 83.33 79.33
: 24.67 16.67 20.67
- .f-farm income
Yes 56.00 40.67 48.33
No 44.00 59.33 51.67
Remittances
Yes 40.00 21.33 30.67
No 60.00 78.67 69.33
N=150 N=150 N=300

Source: Field survey, 2016.
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Table 4.2: Summary statistics of continuous variables

Variables Min Max Mean Standard
deviations
Age
Pooled 18 68 41.633 11.139
1S 22 68 45.193 11.102
IS 18 62 38.073 10.012
, ousehold size
i Holed 1 18 5.780 2.374
A s 1 18 6.173 2.697
1S 2 11 5387  1.931
”H’ irm size for irrigation (Acres)
7 Holed 2 7 1.125 0.968
i S 2 2 0.608 0.393
TS 2 7 1641 1.001
% wrm size for rain-fed (Acres)
g oled 2 16 2.735 1.996
g S 2 16 2.382 1.901
is 3 12 3.083 2.032
% irm distance for irrigation (Kilometers)
 oled .02 5 1.242 0.835
LS .02 3 0.953 0.586
p IS 1 5 1.531 0.943
ﬁ nowledge of EBMFPs (indexed)
¢ oled 9 24 16.190 3.653
% S 9 24 16.993 3.861
IS 9 24 15.387 3.252
"TP for EBFMPs sustainability (Average
o lue of max and min in GHQ)
[ (‘1 oled 0 1200 427.91 296.89
\L\ \/’ S 0 1200 520.01 340.41
IS 0 976.5 335.80 209.56
. arm income for irrigation (GHQC)
Pooled 40 35800 6063.26  7178.87
CIS 40 31200 3544.72  4896.55
GIS 100 35800 8581.80 8165.21
Farm income for rain-fed (GHCQ)
Pooled 0 28890 2849.66  3014.61
CIS 0 28890 2004.74  2796.06
GIS 0 17550 3694.57  2996.90

Source: Field survey, 2016.
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4.2 EBMFPs Adopted by Farmers under CIS and GIS

The first objective of the study was to identify and describe the different EBFMPs employed
by farmers in the study area. In pursuance of this objective, farmers were asked to indicate the
different EBFMPs employed in their agricultural production activities. The main EBFMPs
employed by farmers in the study area were found to be the application of compost/organic
manure, conservative tilling, conservation of vegetation, intercropping with legumes, efficient
drainage system, mulching, crop rotation and bunding. These identified EBFMPs are further

described in the following subsections.

4.2.1 Application of compost/organic manure

The finding of the study showed that farmers under community managed irrigation schemes
apply more organic manure on their irrigated farms than farmers under the government managed
irrigation scheme. Seven (7) in ten (10) farmers under the CIS apply organic manure on their
irrigated farms (Table 4.3). In the GIS, a relatively lower percentage of farmers (about 5 in 10

farmers) apply organic manure on their farms while the other half do not apply. The reason for

Table 4.3 Distribution of compost/organic manure application in CIS and GIS

EBMFP Irrigation Irrigation farms Rain-fed farms
schemes
Percentage of adopters Percentage of adopters
Compost/Organic  CIS 72.00 79.73
manure
application GIS 46.67 59.33

N=150 for each of the CIS and GIS

Source: Field survey, 2016.
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the disparity in organic manure application on irrigation farms among the CIS and GIS is that,
farmers under CIS relatively cultivates on smaller scales which enable them to get sufficient
compost to apply on their farms. For example, majority of the farmers in Biu community engage
more in large scale rice production which is difficult to get enough organic manure to apply
while most farmers in Saboro community are into small scale vegetables production.

A similar pattern can be observed with the application of organic manure on rain-fed farms
by farmers under CIS and GIS. Table 4.3 indicates that about eight (8) in ten (10) farmers under
CIS apply organic manure on their rain-fed farms while about six (6) in ten (10) farmers under
GIS apply organic manure on their rain-fed farms. From the survey, it was realized that most of
the farmlands for farmers under CIS are closely located around their abode which enable them to

easily transport animals’ droppings to their farms.

Plate 1: Organic manure application in Saboro irrigation scheme

Source: Field snapshot, 2016.
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The farmers revealed that organic manure application goes beyond improving soil fertility to
ensure continuous moisture in the soil. A farm applied with compost or organic manure (e.g.
Plate 1) does not require continuous watering since the moisture content in the soil is always
high. Most of the farmers also revealed that the softness of the soil as a result of the organic
manure facilitates easy weeding and equally helps to prevent the wastage of water. It was also
revealed by the farmers that the produce from compost farms have a better nutritional value and
taste than those from inorganic fertilizer. In addition, the farmers indicated that the produce from
organic manure application do not easily rot as compared to those from inorganic fertilizer.
These findings confirms the outcome of Dinye (2013) who reported that tomato buyers from
Southern Ghana prefer tomatoes from Burkina Faso to Tono irrigation scheme because, the

former use more organic manure for production giving crops better taste and do not easily rot.

4.2.2 Conservative tilling

Inasmuch as loosing soil compactness is important for agricultural production, over tilling
can make the soil susceptible to erosion and eventually loose its fertility. The study conducted
shows that the community managed irrigation schemes employed more conservative tilling
practices such as the use of hoe and bullocks than the government managed irrigation schemes
which employ more of tractor services and other sophisticated machines. The tractor usually
over-tills the soil and makes it more susceptible to erosion. The consequence is that there is loss
of soil fertility and more fertilizer will be required to replace the loss or washed nutrients caused

by the erosion.
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igure 4.1: Distribution of conservative tilling in CIS and GIS

Source: Field survey, 2016.

The finding from Figure 4.1 shows that eight (8) in ten (10) farmers under CIS either use hoe
or bullocks service for tilling irrigated farms compared to about four (4) in ten (10) farmers
under GIS. The farmers under GIS employed the services of sophisticated machines on their
irrigated farms because of the large sizes of their farms which will require more labour or might
even be more expensive to use physical labour. From Korania farmers’ account, it is difficult
nowadays to even get the services of bullocks since most livestock farmers restrain the use of
their bullocks for agricultural activities with the reason that they can easily loose weight and
market value.

Just like the irrigation farming, farmers under GIS have employed low conservation tillage
measures on their rain-fed farms. The results in Figure 4.1 indicate that about three (3) in ten
(10) farmers under GIS employed conservation tillage measures on their rain-fed farms as

compare to six (6) in ten (10) farmers under CIS. This can also be attributed to the variation in
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sizes of rain-fed farms under the two types of schemes. As indicated earlier, most of the farmers
under CIS cultivates on the available piece of lands surrounding their abodes in the wet season

with just a few having farmlands outside their residence.

4.2.3 Inter-cropping with legumes

Most farmers under the community managed irrigation schemes inter-crop with legumes on
irrigated farms than their counterparts under the government managed irrigation scheme. The
finding in Table 4.4 shows that about five (5) in ten (10) farmers under community managed
irrigation schemes inter-crop with legumes on irrigated farms while about three (3) in ten (10)
farmers inter-crop with legumes under the government managed irrigation scheme. Even though
farmers under CIS have adopted more than farmers under GIS, the statistics generally indicates
that the practice of inter-cropping with legumes as a conservative method in irrigation is low
since not more than half of the farmers under the two scheme types have employed inter-
cropping with legumes. Most of the crops cultivated under irrigation such as rice requires much
of water and muddy fields making it difficult to inter-crop with legumes which requires less
muddy fields.

Unlike the irrigated farms, there is generally a high percentage of farmers inter-cropping with
legumes on rain-fed farms. Table 4.4 indicates that in ten (10) farmers, seven (7) and eight (8) of
them inter-crop with legumes under CIS and GIS respectively. The reason for the variation in
percentages among irrigated and rain-fed farms lies on the type of crops cultivated. Inter-
cropping with legumes is traditional to certain types of crops (such as maize, millet, groundnuts,
etc) which are predominantly cultivated in the wet season. The survey revealed that rice and
pepper are predominantly cultivated by the farmers in Biu community during the dry seasons,

which are not traditional crops for inter-cropping with legumes. Meanwhile maize, millet and
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groundnuts are predominantly cultivated in the wet season by the same farmers in Biu
community.

Table 4.4: Distribution of farmers intercropping with legumes in CIS and GIS

3MFP Irrigation Irrigation farms Rain-fed farms
schemes
Percentage of adopters Percentage of adopters
tercropping CIS 46.00 70.27
ith Legumes GIS 28.67 80.67

=150 for each of the CIS and GIS

Source: Field Survey, 2016.

From the survey, farmers indicated that crops such as beans help to curb the spread of
diseases in addition to the primary role of improving soil fertility. This is consistent with the
finding of Mooleki and Recksiedler (2009), who revealed that leguminous crops enhance soil
nutrients by fixing atmospheric nitrogen through their symbiotic relationship with
Rhizobium spp. Diseases that can also easily spread on mono-crops will less thrive on farms
such as Plate 2 which are inter-cropped with legumes. The needed intervals for the disease to

easily spread is obstructed by the leguminous crops hence limits the fast spread of the disease.
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Plate 2: Inter-cropping of leafy vegetables with beans in Saboro community

Source: Field snapshot, 2016.

4.2.4 Efficient drainage system

The continuous availability of water supply in irrigation schemes largely depend on the
activities of farmers regarding water management holding other factors constant. The study
observed that there is poor water management in both community-managed irrigation schemes
(CIS) and the government-managed irrigation scheme (GIS). Figure 4.2 shows that in ten (10)
farmers, about five (5) of them under CIS are efficient in water management while two (2) in ten
(10) are efficient under GIS on their irrigated farms. It is observed in Figure 4.2 that more than
seven (7) in ten (10) farmers both under CIS and GIS are not efficient in water management on
their rain-fed farms. Most of the farmers have the perception that efficient drainage system on
rain-fed farms is not necessary since the source of water for crops depends on rains. However,
the few that adopted also thinks that ensuring efficient drainage system within rain-fed farms

helps to prevent erosion and ensures that rain water well-sinks into the ground.
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igure 4.2: Distribution of efficient drainage systems in CIS and GIS

Source: Field survey, 2016.
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Plate 3: Leaking water pumps and dugouts in Biu and Saboro communities respectively

Source: Field snapshot, 2016.

It was observed from the survey that most of the farmers under the government managed
irrigation scheme resorted to the use of leaking water pumping machines which waste water and

eventually cause shortage for both farming and aquatic life (Plate 3). Most of the sub-canals are
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also in a deplorable state which causes the seepage of water into uncultivated land fields. Some
of the community managed irrigation schemes are also characterized with dug-outs as a medium
of storing water because of the deplorable state of the canals (Plate 3). All these practices are not
water efficient measures and unfriendly to the sustainability of the agro-ecosystems hence,
should be checked as reported by Gordon et al. (2010), that continuous water supply measures

should always be ensured to promote aquatic life and to improve agro-ecosystems resilience.

4.2.5 Mulching

Farmers under the community managed irrigation schemes practice mulching on their
irrigated farms than farmers under the government managed irrigation scheme. The results in
Figure 4.3 show that six (6) in ten (10) farmers under CIS practiced mulching on their irrigated
farms while only two (2) in ten (10) farmers practiced mulching under the GIS. Mulching is
predominantly practiced by the aged farmers who perceive it to be a traditional way of farming.
However, majority of the aged farmers can be found under the CIS. Again, the variation is
attributed to the types of crops predominantly cultivated under the two types of irrigation
schemes. Vegetable crops such as tomatoes and pepper relatively requires more mulching and
such crops are majorly cultivated by communities under CIS.

On the side, the adoption of mulching on rain-fed farms is very low for both farmers under
CIS and GIS. Figure 4.3 suggests that more than nine (9) in ten (10) farmers under both CIS and
GIS are not practicing mulching on rain-fed farms. From the survey, farmers indicated that the
types of crops cultivated in wet seasons (such as maize, millet, groundnuts etc.) do not require
mulching which accounts for the low adoption. It was revealed that the farmers employed
mulching because it prevents easy spread of diseases beyond the primary role of crops’

temperature regulation and soil fertility improvement as shown in Plate 4.
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=igure 4.3: Distribution of mulching in CIS and GIS

Source: Field survey, 2016.

Plate 4: Mulching of tomatoes farm in Paga-Nania

Source: Field snapshot, 2016.
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4.2.6 Conservation of vegetation

From the survey, majority of the farmers indicated the importance of conserving the
vegetation of irrigation schemes stating that it creates shade for relaxation after daily work,
regulate temperature, serves as feed for livestock and control pests and diseases. A farmer in
Saboro community indicated that she occasionally grinds the seeds of neem trees for controlling
diseases. The finding in Table 4.5 shows that most farmers under community managed irrigation
schemes (about eight (8) in ten (10) farmers) conserve irrigation vegetation than those under the
government managed irrigation scheme (five (5) in ten (10) farmers). All the community
managed irrigation schemes studied have a lot of mango plantations which they farmers sustain
their livelihoods on and as such, are willing to conserve them. Even though some communities
(especially Bonia and Korania) under GIS also have lot of trees and mango plantations, most of
the farmers under those communities are characterized of tree-felling for crops cultivation. The
motive behind is to have sufficient sunlight for crops. Per the account of respondents, crops in
dense vegetation become leafy and fruitless. Bush burning is another practice less predominant
in the community managed irrigation schemes as compared to the government managed
irrigation (Plate 5).

The conservation of vegetation on rain-fed farms is less attractive compared to the statistics
of irrigation farms. Table 4.5 suggests that in ten (10) farmers, six (6) and five (5) of them under
CIS and GIS respectively are not conserving their rain-fed farms. The reason for the difference is
that, burning is more active in the rain-fed farms than in the irrigation farms. Farm sizes in the
rain-fed are relatively larger than the irrigation, which compel most farmers to resort to bush

burning as a medium of preparing farmlands.
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Table 4.5: Distribution of vegetation conservation in CIS and GIS

EBMFP Irrigation Irrigation farms Rain-fed farms
schemes
Percentage of adopters Percentage of adopters
Conservation of  CIS 76.67 4459
getation
GIS 52.67 51.33

=150 for each of the CIS and GIS

Source: Field survey, 2016.
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Plate 5: Nature of vegetation in Biu (left) and Pungu-Talenia (right)

Source: Field snapshot, 2016.

4.2.7 Crop rotation
The practice of crop rotation as an ecosystem based farm management practice in irrigation

schemes within the Kassena-Nankana area is low. The results in Figure 4.4 indicate that about
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three (3) in ten (10) farmers under the community managed irrigation schemes practiced crop
rotation on their irrigated farms while about four (4) in ten (10) farmers practiced crop rotation
under the government managed irrigation scheme. There are particular crops (such as pepper,
onions, tomatoes and rice) which the farmers perceived as lucrative ventures in dry season hence
less reluctant to rotate such crops.

Again, it is observed in Figure 4.4 that crop rotation is more active in rain-fed farms
compared to irrigation farms. The finding from the figure suggests that farmers under GIS
practiced crop rotation on rain-fed farms more than those under CIS. The figure also indicates
that in ten (10) farmers, five (5) and about four (4) of them practiced crop rotation under GIS and
CIS respectively. Most of the farmers under community managed irrigation schemes indicated
that they cultivate in the wet-season primarily for consumption and for cultural purposes. These
cultural practices demand specific crops such as maize and millet which constraints most of them
not to rotate the crops since their farmlands are relatively small. In as much as farmers under GIS
also cultivate for consumption and cultural practices, the sizes of their farmlands gives room to
cultivate other crops based on the current market demand. As such, they were able to rotate these
crops based on the market demand.

These results suggest that specific crop diseases that can survive in the soil for more than a
year will always thrive since crops are not rotated to break the cyclical chain of such chronic
diseases. This accounts for why most farmers in the study area are being challenged seasonally
with the same types of diseases reoccurring. The outcome re-emphasizes the findings of Rodale
(2011), who reported that crop rotation is useful in helping soils to regain their fertility and to

curb chronic soil diseases.
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Source: Field survey, 2016.

4.2.8 Soil bunding

The survey revealed that farmers in the study area do not practice stone bunding but instead,
soil bunding. Soil bunding was predominantly practiced by rice farmers and such farmers are
mostly in the government managed irrigation scheme. Figure 4.5 suggests that about two (2) in
ten (10) farmers under the CIS are practicing soil bunding on irrigated farms while about four (4)
in ten (10) farmers under the GIS practiced soil bunding. The reason for the low adoption of soil
bunding is that, the landscape of the study area is relatively flat which allows water to sink
easily. However, soil bunding is still a requirement for most rice farmers which accounts for the
high number of farmers practicing soil bunding on irrigated farms in GIS. It was realized from
the survey that majority of the farmers in Biu are into rice farming and it demands that bunds are

raised to regulate and ensure there is sufficient water for the crops.
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Figure 4.5: Distribution of soil bunding in CIS and GIS

Source: Field survey, 2016.

The outcome in Figure 4.5 reflects the same for rain-fed farms of farmers under the two types
of irrigation schemes. There is generally low percentage of farmers practicing soil bunding in the
wet season. The finding indicates that, in ten (10) farmers, one (1) and three (3) of the farmers
under CIS and GIS respectively are practicing soil bunding. The reason is because the rain-fed
farms are also relatively flat hence farmers only adopt soil bunding when going into rice farming.
It is observed in Plate 6 that apart from the regulation of water within the farms, soil bunding
ensures that soil nutrients are not lost via water run-offs. The bunds ensure that any manure
applied does not run-off but stays within the confines of the bunds. The interior bunds also help
farmers to know the quantity of manure to apply for a specific size of land. The bunds equally
serve as a medium of demarcation for farms of most farmers in the government-managed

irrigation scheme.
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Plate 6: Soil bunding in Biu

Source: Field snapshot, 2016.

4.3 Factors Influencing EBFMPs Adoption by Farmers in Irrigation

The second objective of the study was to determine the factors that influence the adoption of
ecosystem-based farm management practices. In achieving that, the Poisson and negative
binomial models were employed. The results in Table 4.6 indicate that there is no over-
dispersion since the test for alpha is not statistically different from zero. As such, there is
sufficient evidence that the conditional mean is equal to the conditional variance and hence, the
negative binomial model reduces back to the Poisson model. Even though the regression Pseudo
R-square for the pooled data is low (9.6%), the overall significance of the model is high as
indicated by the likelihood ratio chi-square (significant at 1%). This implies that farmer’s
intensity of adoption of EBFMPs is determined by the set of covariates. The Poisson regression
results also showed that six variables are significant and these include age, distance to irrigated
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farm, farmers’ perception of soil fertility, farmers’ knowledge of EBMFPs, extension visits and
the type of irrigation scheme the farmer cultivates.

The results in Table 4.6 indicate that age of a farmer influence the adoption of EBFMPs in
irrigation farming except those under community managed irrigation schemes. The outcome for
marginal effect of pooled data implies that, as farmers’ age increases by one year, the intensity of
using more EBMFPs on irrigated farms is expected to increase at 5% significant level by 0.023
holding other factors constant. Meanwhile in the GIS, as farmers’ age increases by one year, the
intensity of adopting more EBMFPs is expected to increase at 5% significant level by 0.033
holding other factors constant (as shown by the marginal effects). The marginal effect for GIS is
more than the marginal effect for the pooled data and this emanates from the non-significance of
age in the CIS. The finding suggests that farmers of higher age are adopting more sustainable
practices (or EBFMPs) than younger ones except those under CIS. Most aged farmers are still
traditional with regards to agriculture production and as such, adopted more of the EBFMPs
because they are indigenous practices learnt from fore-fathers.

The services that farmers under community-managed irrigation schemes receive from
extension officers have an influence on the rate at which they use EBFMPs. The marginal effect
of extension visits in CIS suggests at 10% significance level that, those who received extension
education in the previous season have greater expected intensity of 0.657 in using more
EBFMPs than those who had no extension education, holding other factors constant in the
model. The significance and direction (positive) of the number of extension contacts are
consistent with the finding of Nkegbe and Shankar (2014). Extension officers provide
information and education on agricultural production (expecially new interventions) which

enlightens farmers on the choice of activities at farm level.

88



7

s

TINIWVER SIT YW FOR O IDODOEWETL  OPMNIEDNTLT S TLOIDIES

www.udsspace.uds.edu.gh

The location of irrigated farms from farmers’ houses influence the use of more EBFMPs. The
results in Table 4.6 show that the coefficient of farm distance is negative and significant at 1%
for pooled, 1% for CIS and 10% for GIS. The marginal effect for pooled outcome indicates that
when the distance to irrigated farms increases by one kilometer, the intensity of using EBFMPs
reduces at 1% significant level by 0.5, holding other factors constant. Similar interpretation holds
for the marginal effects of CIS and GIS. From the table, CIS had the largest coefficient value (-
0.975) which indicates that the influence of a kilometer change in farm distance on the intensity
of adopting EBFMPs is high in CIS than in GIS (-0.287). One of the problems most farmers in
Kassena-Nankana area usually encounter is how to transport organic manure (one of the
EBMFPs identified) from family compounds to farm sites. As such, only few farmers are able to
apply organic manure on farms that are far from abode. This accounts for the direction of the
coefficient.

Another factor that determines the intensity of adoption of EBFMPs is farmers’ perception of
soil fertility. The results show that perception of soil fertility is positive and significant at 1% for
the pooled, 10% for GIS and CIS. The marginal effect of the aggregate data suggests at 1%
significance level that, farmers who perceived their farm plots to be fertile have a greater
expected intensity of 0.659 in using more EBFMPs than those who perceived their farm plots are
infertile, holding other factors constant. The same interpretation holds for the CIS and the GIS.
This outcome did not meet the study’s aprior expectation since it would be expected that farmers
who perceive their soil fertility to be low should adopt more EBMFPs as reported by Nata et al.
(2014), that farming on better soils decreases the adoption of soil improving practices. However,
the reason given by farmers for the outcome of the models is that, those who perceived their soil

fertility is low rather resort to the use of more inorganic measures to improve their soil fertility
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instead of the indigenous ecosystem friendly practices. Again, farmers who perceived that their
soil fertility is high try to save cost by adopting organic practices which equivalently maintains
the fertility of the soil. Another reason that accounts for the direction of the coefficient is that,
farmers under GIS think their soils are degraded to a non-responsive level for organic manure
application. As a result, they relied on the usage of inorganic manure to improve their soils since
it works fast in the soil than the organic manure.

It can be observed in Table 4.6 that farmers’ knowledge of EBMFPs affects the adoption of
EBFMPs except for community managed irrigation schemes. The marginal effect for pooled
outcome indicates that as farmers’ knowledge on EBFMPs improves by one unit, the intensity of
using more EBFMPs increases at 1% significant level by 0.089 holding other factors constant in
the model. Similar interpretation holds for the marginal effect of GIS. This finding suggests that
farmers who understand the importance of the services being rendered by the various ecosystem-
based farm management practices help in using more of them.

Lastly, the type of irrigation scheme farmers cultivate influence their intensity of adopting
more or less EBFMPs. The results in Table 4.6 indicate at 5% significance level that, farmers
who are in the community managed irrigation schemes have a greater intensity of 0.549 in using
more EBFMPs than those in the government managed irrigation scheme holding other factors
constant in the model (as reported by the marginal effects). Even though farmers in the
community managed irrigation schemes aim at maximizing yield, they are more conscious than

their counterparts in GIS about the sustainability of their fields for continuous cultivation.
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Table 4.6: Coefficient estimates for factors that influence EBMFPs adoption

Variables Poisson /negative binomial estimates
Coefficients dy/dx
CIS GIS Pooled CIS GIS Pooled
~onectant 1.017%** .045 499**
(.297) (.319) (.213)
i .003 .012** .007** 012 .033** .023**
b (.004) (.005) (.003) (.017) (.014) (.0112)
0 017 -.023 .000 071 -.062 -.002
a (.086) (.133) (.070) (.358) (.362) (.238)
”H’ d 040 -.025 .026 169 -.070 .089
7 (.092) (.106) (.068) (.387) (.291) (.232)
4 isits .160* 049 .096 657* 135 327
g (.095) (.102) (.067) (.381) (.285) (.228)
0 list_(km) - 234> ** -.104* - 147 ** - 975*** -.287* -.500***
g (.084) (.055) (.047) (.345) (.152) (.158)
y ize (Acres) .040 .005 .006 167 014 .019
A (.106) (.047) (.043) (.442) (.130) (.146)
% erceptn .160* .239* 186*** .669* T17* .659**
h (.089) (.124) (.071) (.378) (.401) (.259)
’  FP Knowledge 017 041*** 026*** .070 112%** .089***
i xed) (.012) (.015) (.009) (.049) (.042) (.032)
b type 161%* 549%*
¢ (.082) (.279)
% on model
yer of obs. =150 =150 =300

o\ 1i2 =42.23***  =27.16*** =106.86***

&( | OR2 =0.076 =0.053 =0.096

W/ kelihood =-255.107 =-242.655 =-501.122

i iodel

e =0.00 =0.00 =0.00

Likelihood-ratio test of

alpha=0

chibar2(01) =0.00 =0.00 =0.00

Prob>=chibar2 =1.000 =1.000 =1.000

Dispersion=Mean

Log likelihood =-255.107 =-242.655 =-501.122

* ** *** stands for values statistically significant at 1%, 5% and 10% respectively. Figures in parenthesis

stands for standard errors.

Source: Field survey, 2016.

91



7

s

TINIWVER SIT YW FOR O IDODOEWETL  OPMNIEDNTLT S TLOIDIES

www.udsspace.uds.edu.gh

4.4 Valuation of Ecosystem-Based Farm Management Practices

The third objective of the study was to assess the proportion of farmers willing to pay for the
sustainability of the EBFMPs and to estimate the willingness to pay (WTP) value. In pursuance
of this objective, the contingent valuation method (CVM) was used to elicit farmers’ WTP
values through the iterative bidding technique. The values obtained directly shows the extent
farmers worth the services provided by the EBFMPs in maintaining the health of the agro-
ecosystems. Figure 4.6 shows that a greater proportion of the farmers (nine in ten farmers) are
willing to pay to sustain the services provided by the EBFMPs (as shown by the pooled
outcome). Figure 4.6 also suggests that almost the same percentage of the farmers from the
community and government managed irrigation schemes are willing to pay to sustain the
EBMFPs.

In addition, Table 4.7 shows that farmers under CIS are willing to pay approximately a mean
amount of GH(520.00 to sustain the services provided by the agro-ecosystems. However, those
under the GIS are willing to offer approximately GH(336.00 to sustain the services provided by
the agro-ecosystems. These outcomes imply that farmers under CIS appreciate more the services
provided by the EBFMPs than those under the GIS. Farmers under CIS are more willing to pay
for the services of the EBFMPs because of the direct effect on their livelihoods. For exampe,
beyond the fruits from the mango plantations serving as food to households, income is equally

generated from the sales of these fruits to support households’ livelihoods.
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Source: Field survey, 2016.

Table 4.7: T-test (mean-comparison) of farmers’ WTP value for EBMFP sustainability

Irrigation type Observation Mean Standard deviation
CIS 150 520.0133 340.4149

GIS 150 335.8033 209.5558
Combined 300 427.9083 296.888

Difference 184.21

HO: WTPCIS = WTPGI.S'
H,:WTPs # WTPgs  Pr(Tl> [t)) = 0.0000

H,:WTPgg > WTPgs  Pr(T >1)=0.0000

Source: Field survey, 2016.
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The t-test (mean-comparison) of farmers’ WTP value for EBFMP sustainability indicates that
there is significant difference in the mean values of farmers under CIS and GIS. The first
alternative hypothesis (Ha: mean (diff) # 0) is significant at 1% suggesting that there is
statistical difference in the means of CIS and GIS hence rejecting the null hypothesis of no
significant difference (Table 4.7). The second alternative hypothesis (Ha: mean (diff) > 0) also
conclude at 1% significance that farmers under CIS are more willing to pay for the sustainability
of the EBMFPs than those under GIS. This re-emphasizes that farmers in community managed
irrigation schemes value more the services provided by the various EBMFPs than their

counterparts in the government managed irrigation scheme.

4.5 Effects of EBFMPs Adoption on the Livelihoods of Farmers

The objective four was to analyse the effects of using EBFMPs on the livelihoods of farmers.
In achieving this objective, the study examined the livelihood indicators of farmers and how
generally livelihoods of farmers have been affected with the adoption of EBFMPs in irrigation.
The livelihoods of farmers were measured by indexing nine (9) indicators. However, the effects
of EBFMPs on the livelihoods of farmers was analysed with a treatment effect model (regression
adjustment). This was to ensure that farmers are placed at the same pedestal to obtain a true
effect of using EBFMPs on their livelihoods. The analysis considered under the treatment effect
model are the average treatment effect on farmers (ATE), the average treatment effect on the
treated (ATET) and the potential outcome means (POMs) of farmers’ livelihood scores.

Figure 4.7 shows the mean percentages of farmers’ livelihood indicators and standard
deviations in parenthesis. The indicators show that irrigation farmers’ livelihoods (both in CIS
and GIS) are appreciably high (above a score of 6 in 10 marks) except their sanitation and

incomes’ of farmers under community managed irrigation schemes. The difference in incomes
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stems from the relative sizes of farmlands of CIS and GIS. It is also attributed to the types of
crops predominantly cultivated in the two types of schemes. Even though, farmers under the GIS
obtain higher incomes than their counterparts in the CIS, there is no much difference in their
livelihoods’ indicators as shown in Figure 4.7. The graph indicates that farmers under CIS are
relatively better than those in the GIS in terms of their health situation, freedom in cash
expenditure, sanitation and health of ecosystem services. Key among the differences is on the
health of the ecosystems which implies that farmers under CIS are more conscious about

sustaining the health of their agro-ecosystem than those under the GIS.

TINIWVER SIT YW FOR O IDODOEWETL  OPMNIEDNTLT S TLOIDIES

¥

Income

Health of ecosystem services

Participation in social gatherings

Sanitaion

Freedom in cash expenditure

Water facilities

Livelihood indicators

Health situation

Housing condition

Food availability

o
N
o

40 60 80 100 120

Percentage of indicators
EGIS ECIS
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Source: Field survey, 2016.
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The outcome regression of the average treatment effect (ATE) suggests that being a high
adopter of EBFPs have a positive effect on the livelihoods of farmers. This finding is statistically
significant at 1% and in terms of magnitude, the result shows that if farmers decide to adopt high
number of EBMFPs in irrigation schemes, they will experience about 3% improvement in their
livelihood scores (ALSS) from an average livelihood status score (ALSS) of 75.76% for low
adopters. This means that adoption of EBFMPs on irrigation schemes is not only a sustainability
measure but also helps to improve the livelihoods of farmers. This finding is consistent with
IUCN (2004) which suggested that ecosystem restoration practices are uniquely valuable
because of their inherent capacity to provide people with the opportunity not only to improve
their livelihood conditions but also to repair ecological damage. Most of the irrigation schemes
that use more EBFMPs usually have fruits that serve as food for farmer’s households. There are

also fresh grasses that serve as feed for their livestock.

Table 4.8: Average treatment effect (ATE) on farmers’ livelihoods

Variables Coefficients Robust
Standard error

Average treatment effect

Category (High adoption vs. low adoption ) 2.977*** .569
Potential outcome mean
Category (Low adoption) 75.757*** 440

Number of observations=300
Iteration 0: EE criterion = 8.657e-28
Iteration 1. EE criterion = 7.733e-30
Outcome model : linear

Treatment model: none

*xk k* * stands for values statistically significant at 1%, 5% and 10% respectively.

Source: Field survey, 2016.
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The average treatment effect (ATE) discussed above does not give the true effect of using
EBFMPs on livelihoods’ of true high adopters since the results only showed the average amount
by which livelihood scores (ALSS) in general was affected by farmers’ decision to use high
number of EBFMPs. As such, the study revealed further the average amount by which
livelihoods' scores (ALSS) of actual high adopters have been improved as a result of using high
number of EBFMPs. The coefficient of the ATET in Table 4.9 suggests that the decision to use
high number of EBFMPs causes an additional increase of 3.29% in livelihood scores of farmers
who are high adopters and this is statistically significant at 1%. This is considered as the true
effect of EBFMPs adoption because the effect is analysed on only farmers who are indeed high
adopters. The outcome re-emphasizes the importance of EBFMPs adoption on farmers’

livelihoods and how it sustains their economic activities.

Table 4.9: Average treatment effect on the treated (ATET)

Variables Coefficients Robust
standard error

ATE on the treated

Category (High adoption vs. low adoption ) 3.297*** .698
Potential outcome mean
Category (Low adoption) 75.344%** .622

Number of observations=300

Iteration 0: EE criterion = 8.509e-28
Iteration 1: EE criterion = 1.870e-29
Outcome model : linear

Treatment model: none

*xk kx * stands for values statistically significant at 1%, 5% and 10% respectively

Source: Field survey, 2016.
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In addition, the study further revealed the likely livelihoods scores farmers would obtain if
they all decide to either use high or low number of EBFMPs and this is reflected in the potential
outcome means (POMs) of farmers (Table 4.10). Potential outcome means are the averages of
the predicted livelihoods of farmers based on their category of adoption (see appendix C for the
actual regression equations used to estimate the POMs). The coefficient of POM for low
adoption implies that, if all the irrigated farmers decide to use low number of EBFMPs on their
farms, then their expected mean livelihoods score would be 75.75% at 1% significant level. On
the other hand, the coefficient of POM for high adoption indicates that, if all irrigated farmers
decide to use high number of EBMFPs on their farms, then their expected mean livelihoods score
would be 78.73% at 1% significant level. These outcomes suggest that a current tradeoff of more
sustainable farm practices for lesser number of ecosystem friendly practices by farmers who are
originally more sustainable in their farming activities will lead to a fall in their mean livelihoods
score (ALSS) in the near future. The reverse also suggests that a current tradeoff of
unsustainable farm practices (which gives immediate gains) for more conservative practices by
farmers who are actually ecosystem unfriendly in irrigation will lead to an increase in their mean

livelihoods score (ALSS) in the near future.
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Table 4.10: Potential outcome means of farmers

Variables Coefficients

Robust
standard error

Potential outcome means

Low adoption 75.757*** 440
High adoption 78.734*** 456
Number of observations = 300

Iteration 0: EE criterion = 8.657e-28
Iteration 1: EE criterion = 4.547e-29
Outcome model : linear

Treatment model: none

*xk *k % stands for values statistically significant at 1%, 5% and 10% respectively.

Source: Field survey, 2016.
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CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1 Summary

The adoption of Ecosystem-based farm management practices (EBFMPs) have a direct effect
on the sustainability of soil fertility and the livelihoods of farmers. The study analysed the use of
EBFMPs among government managed irrigation scheme (Tono) and community managed
irrigation schemes. The EBFMPs identified were manure/compost application, conservative
tilling, intercropping with legumes, mulching, vegetation conservation, efficient drainage
systems, crop rotation and soil bunding.

The study revealed that there is low adoption of EBFMPs in both irrigation and rain-fed
farming in the study area. However, it was realized that farmers under community managed
irrigation schemes (CIS) are using more EBFMPs than those under the government managed
irrigation scheme (GIS). The exception was on soil bunding where a lot of farmers under the GIS
practiced soil bunding than those under the CIS. This is because rice farmers were predominantly
found in GIS than in CIS and majority of the farmers who practiced soil bunding were rice
farmers.

In addition, the factors influencing the adoption of EBFMPs by farmers were identified using
the Poisson and negative binomial models. The over-dispersion parameter (alpha) test was not
significant and thus the negative binomial model reduced back to the Poisson regression
indicating that there was no over-dispersion in the data. The factors influencing the intensity of

EBFMPs adoption were identified to be age of farmers, distance of irrigated farm from home,
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farmer’s perception of soil fertility, farmers’ knowledge of EBMFPs, number of extension visits
and the type of irrigation scheme the farmers cultivated.

The study went further to determine farmers’ willingness to pay (WTP) for the sustainability
of the EBFMPs. It was revealed that farmers under CIS were willing to pay more for the
sustainability of the EBFMPs than those under the GIS. The results revealed that farmers under
CIS and GIS are willing to pay mean amounts of GHC520.00 and GH(C336.00 respectively to
sustain the services provided by the EBFMPs. Further analysis using the t-test (mean
comparison) revealed that the amount farmers in CIS are willing to pay is significantly higher
than that of the GIS.

The study also looked at the effects of using EBFMPs in irrigation on the livelihoods of
farmers. The treatment effect model (adjustment regression) was used to determine the effects of
using the EBFMPs on livelihood. Farmers who used 3 or less EBFMPs were classified as low
adopters while those who used four or more were classified as high adopters. The outcome of the
treatment effect model showed that a decision to use high number of EBFMPs significantly
increases the livelihood status scores of farmers. The findings from the study therefore show that
the adoption of EBFMPs is not only a sustainable activity but also helps to improve the

livelihoods of farmers.

5.2 Conclusions

It was evident from the study that farmers’ adoption of ecosystem-based farm management
practices is low. Most of the irrigation schemes are characterized with leaking canals and poor
drainage systems, leaking water pumping machines, silted dams, burning of vegetation and
unstructured dugouts. The study showed that farmers under CIS use more EBFMPs than those

under the GIS.
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Again, the intensity of EBFMPs adoption is significantly determined by the age of farmers,
distance of irrigated farms from home, farmer’s perception of soil fertility, farmers’ knowledge
of EBFMPs, number of extension visits and the type of irrigation scheme the farmers cultivated.
Furthermore, a greater proportion of the farmers are willing to pay for the sustainability of the
EBFMPs but farmers under CIS are willing to pay more than those under GIS. Lastly, it is
evident from the study that the use of more EBFMPs have a positive effect on the livelihoods of

farmers in the study area.

5.3 Policy Recommendations

The study recommends that MoFA directorates in the Kassena-Nankana East District and
Kassena-Nankana West District should educate farmers more about the importance of using
traditional indigenous practices, which are currently discarded for higher vyields. It is also
recommended that they should intensify their extension activities to farmers (especially farmers
under the CIS) since it increases their level of EBFMPs adoption. Farmers under the government
managed irrigation scheme, especially the youth should also be trained more on how to expand
production without compromising the biological functioning of the agro-ecosystems. Farmers
should be trained on how to prepare compost on farm sites to offset the challenge of transporting
compost to far distanced farms from home.

Again, it is recommended that non-governmental organisations, GIDA and other key partners
in irrigation should train farmers (especially those under GIS) on the linkages between
ecosystem services and sustainability of irrigation farming. This will help create awareness
among farmers on the true value of ecosystem friendly practices. Lastly, the study recommends
that GIDA and other development partners should tailor more programs and projects on

sustainable farming since it improves more of farmers’ livelihoods. This is based on the finding
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that using high number of EBFMPs improves farmers’ livelihood status scores than using low

number of EBFMPs.

5.4 Limitations of the Study

One of the major limitation of the study was time and resources constraint. As such, the
sample size may be small in relation to the entire population of the study area. This might have
an influence on the inferences made about the population. The selection of the communities
might not also be a fair representation of the entire study area since only one community (Paga-

Nania) is from the Kassena-Nankana West District.

5.5 Suggestions for Future Research

The study suggests that future researchers should look at crop yield differentials between
farmers under the government management irrigation scheme and the community managed
irrigation schemes. Future researchers should also look at the area percentage of farmlands which
farmers employed EBFMPs on and the number of years farmers have practiced the EBFMPs.
Future studies should also consider increasing the sample size and include more communities

from the Kassena-Nankana West District for fair representation of the entire study area.
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Appendix A
Survey Guide

Disclaimer and Consent:
Dear Research Participant(s),

The aim of this survey is to assess the ecosystem-based management farm practices used by
farmers in government and community managed irrigation schemes in the Kassena-Nankana
Area. It is a study in partial fulfillment for the award of Master of Philosophy (M.Phil.) degree in
Agricultural Economics at the University for Development Studies (UDS), Tamale. Thus, the
information obtained through this interview is for academic purposes only and will be accorded
the highest degree of confidentiality. Your consent is therefore sought to provide frank responses
to the questions contained in this guide. Thank you for your cooperation and understanding.

Date of Interview: [ ][ V[ 1L VI 1L 1l 1l 1 Respondent'scode: [1[1[ /[ 1L 1l [ 1[ 1[ 1

Government managed irrigation scheme- GIS
Biu irrigation scheme- BIU

Bonia irrigation scheme —-BON
Korania irrigation scheme- KOR

Community managed irrigation scheme- CIS
Saboro irrigation scheme — SAB

Pungu-Talenia irrigation scheme - PUN
Paga irrigation scheme —-PGA

SECTION A
.0 Socio- demographic data of farmer Code Variable
.1 Are you the household head? 0-No, 1-Yes [ ] HH
.2 Indicate the composition of Household Category Total number of
our household ( people eating by Age Household members
), rom the same pot) Male Female _
0-14 HHsize
15-24
25-54
55-64
65+
Total
1.3 What is your major 1- Crop farming [ ] Occuptn.
occupation? 2-Trading or craftsmanship
3-Salary worker (state actual
occupation)
[ ]
1.4 Sex of respondent 0-Male 1-Female, [ 1] Sex
1.5 Age of respondent Quote the exact age [ 1 Age
1.6 Educational level 1-No formal education [ Educ.
2- Primary education
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3- JHS education

4- \ocational sch. /SHS/technical

institute
5-Teacher/Agric/Nursing training
colleges
6-Polytechnics/University
".7 Marital Status 1- Single 2-Married [ ] Mar_sta
3-Seperated 4-Widowed

SECTION B

.0 The ecosystem-based farm management practices (EBFMPs

adopted by the farmer

.1 What type of crops do
ou cultivate?

Irrigated farm(s)

Rain-fed farm(s)

1
2
3
4.
5
6

1
2
3
4.
5
6

.2 What sustainable farm
ractices do you use on
our farm(s)?

Irrigated farm(s)

Rain-fed farm(s)

Tick [V] those adopted
1-Manure/compost application [ ]
2-Conservative tillage /no tillage [ ]
3-Intercropping with legumes [ ]
4-Crop rotation [ ]

5-Mulching [ ]

6-Conservation of vegetation or trees

[ ]
7-Efficient drainage system [ ]

8-Soil/stone bunding [ ]
Others:

Tick [\] those adopted
1-Manure/compost application [ ]
2-Conservative tillage /no tillage [ ]
3-Intercropping with legumes [ ]
4-Crop rotation [ ]

5-Mulching [ ]

6-Conservation of vegetation or trees

[ ]
7-Efficient drainage system [ ]

8-Soil/stone bunding [ ]
Others:

2.3 What are the benefits
of using each of the above
sustainable farm
practices?
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.4 Why have you not
sed all the sustainable
arm practices?

.5 What other farming
ractices have you used
nat are not sustainable?

.6 What are the reasons

or using the above

nsustainable farm
_ractices?

Irrigated farm(s)

Rain fed farm(s)

Tick [V] those adopted

1- Excessive fertilizer
application [ ]

2-Excessive insecticides and
herbicidesuse [ ]

3-Cutting of trees [ ]

4-Leaking canals and general poor
water management [ ]

5-Bush burning [ ]

6-Excessive tillage [ ]

7-Others (specify)

[ ]

Tick [\] those adopted

1- Excessive fertilizer
application [ ]

2-Excessive insecticides and
herbicidesuse [ ]

3-Cutting of trees [ ]

4-Leaking canals and general poor
water management [ ]

5-Bush burning [ ]

6-Excessive tillage [ ]

7-Others (specify)

[

2.7 What do you think are
the effects of the above
unsustainable farm
practices?

2.8 What is your
perception about the soil
fertility

1. Fertile [ ]
0. Not fertile [ ]

1. Fertile [ ]
0. Not fertile [ ]

SECTIONC

3.0 Factors influencing the adoption of ecosystem-based farm management practices.

| Code | Variables
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3.1 Indicate the number of Irrigated farm(s) 1[ Farm_size
acres of your farmland(s) Rain-fed farm (s) 1
under cultivation.
3.2 Indicate your level of Irrigated 1- Full ownership Land_ownsp
ownership of the farmland(s) | farm(s) 2- Share ownership ]
under cultivation. 3-Rented
4-Gift
Rain-fed 1- Full ownership
farm (s) 2- Share ownership ]
3-Rented
4-Gift
.3 Do you have access to that | Irrigated 0-No ]
articular land under farm(s) 1-Yes Land_access
ultivation in 3.1? Rain-fed 0-No ]
skip if respondent have full | farm (s) 1-Yes
wnership of land)
.4 Indicate the distance of Irrigated Write the Farm_distance
our farmland under farm(s) approximated
ultivation from your home. distance in
meters/kilometers
Rain-fed Write the
farm (s) approximated
distance in
meters/kilometers
.5 Is there farmer(s) who Irrigated 0-No ] Close_adopters
ave adopted sustainable farm | farm(s) 1-Yes
ractices close to your Rain-fed farm 0-No ]
armland(s)? (s) 1-Yes
.6 How many times do you Quote the exact number of times 1l Ext.Visits
et extension officer visiting
our farm in a year?
.7 Is there any farmers' 0-No 1-Yes ] Grp_Mem
ssociation that you belong? If yes, name?
[ ]
3.8 Do you have access to 0-No ] Access_ Org
organic manure or compost? 1-Yes
3.9 How many years have you | Irrigated farm(s) 1 Yrs_Experience
been farming? Rain-fed farm (s) 1

3.10 Are you into livestock
rearing?

0-No
1-Yes

Livestock_ownsh
p

SECTION D

INSTRUCTIONS: Diligence should be taken to explain the importance of the EBFMPs to farmers with
the aid of the reference guide attached to the questionnaire before commencement of this session.

4.0 Farmer's Willingness to Pay (WTP) value for the sustainability of the EBFMPs
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Code Variable

4.1 Do you usually get very | 0-No [ ]
good yield with the use of | 1-Yes
fertilizer?
4.2 What are some of the
problems you are currently

xperiencing from the use

if fertilizer?

.3 What can be done to

alvage the situation?

-4 How much do you Qty | Unit |Unit | Amt

pend averagely to fertilize price | GHC | [

1e soil and control pests Fertilizer

nd diseases in a season? Pesticides

Herbicides

.5 Considering the cost Probe for the maximum s/he will be WTP

'ou usually incur on 1-GHCO[ ]

ertilizer in 4.4, how much | 2- GHC 1-50 [ ]

vill you be willing to pay | 3- GHC51-100 [ ] [

or compost to fertilize
'our soil per an acre?

4- GHC101-150 [ ]
5- GHC151-200 [ ]
6- GHC 201-250 [
7- GHC 251-300 [
8- GH( 301-350 [
9- GH( 351-400 [
10- GHC401-450 [
11- GHC451-500 [
12- above GHCS500[ ]

e ] ] e b e

.6 How much will you
also be willing to pay the

Probe for the maximum s/ he will be WTP
1-GHCO [ ]

environment for controlling | 2- GHC 1-50 [ ] [
diseases and pests 3- GH(C51-100 [ ]

considering the cost on 4- GHC101-150 [ ]

Pesticides per an acre in 5- GHC151-200 [ ]

4.4? 6- above GHC 200 [ ]

4.7 How much will you be | Probe for the maximum s/he will be WTP
willing to pay the natural 1-GHCO [ ]

environment for 2-GHC 1-50 [ ] [

maintaining the
temperature level of crops
on your farm(s)?

3-GH(51-100 [ ]
4- GHC101-150 [ ]
5- GHC151-200 [ ]
6- GHC 201-250 [ ]
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7- above GH(250.00[ |

4.8 What usually happens
to your crops and/or
economic life when there is
shortage of water for farm

business?

".9 Considering the effects
1 4.8, how much are you

Jiilling to pay for the

ervices provided by the
ustainable farm practices
1 ensuring regular water

upply?

Probe for the maximum s/he will be WTP
1-GHCO [ ]

2-GHC 1-50 [ ]

3- GHC51-100 [ ]

4- GHC101-150 [ ]

5- GHC151-200 [ ]

6- GHC 201-250 [ ]

7- above GHC250.00 [ ]

SECTION E

.0 How farmers' livelihood conditions have been affected

\. Food availability situation in farmer's household for the past 12 months

nstructions: tick[ \] and score the appropriate condition for each month

srading Sufficient =3, Insufficient=2, Extreme shortage=1
JAonth Jan | Feb | Mar | Apri |[May |Jun |Jul | Aug |Sep | Oct | Nov | Dec
core
“otal Score
3. Housing condition
nstructions: tick[ \] the appropriate condition for each housing condition
Score Total Score
Jwnership of house | Personal house=3 Family house=2 Rented =1 [ ]
Jumber of rooms All rooms =3 Half of the rooms =2 Below | [ ]
oofed with roofing | half=1
heets (e.g. zinc or
luminium sheets [ ]
.tc.).
Number of rooms All rooms = 3 Half of the rooms= 2 Below |[ ]
built with cement half=1
blocks.
Number of rooms All rooms = 3 Half of the rooms=2 Below | [
floored. half=1
General impression. | Excellent =4 Verygood=3 Good=2 Bad=1|[ ]
C. Health situation
Availability of health facility Score Total Score
Any close-by health | District hospital/ Community health centre/ CHPS [ 1] [ ]
facility? compound = 2
No health post closely available =1
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Access to health treatment Score Total Score
District All household members=3, Some members =2, [ ]
hospital/Community | No access=1 [ ]
health centre

Pharmacy Always =3  Difficult=2 Not at all=1 [ ]

Herbal treatment Always =3  Difficult=2 Not at all=1 [ ]

). Water facilities

i) Water source Score Total score

ource of water Borehole/pipe= 4 Mechanized well=3 [ 1] [ ]

Uncovered well=2 River/pond=1

i) Water quality score Total score

Jrinking water | Good=3 Clean but smellsor hard =2 Unclean=1 |[ ] [ ]

iii) Availability of water

srading Adequate =3 Inadequate=2 Scarcity =1

JAonth Jan | Feb | Mar | Apr | May |Jun |Jul | Aug | Sep | Oct | Nov | Dec

core

“otal Score

:. Freedom in cash expenditure

“hings for Level of decision in cash expenditure Score Total score

xpenditure Farmer =4 | Farmer and | Spouse =2 | Extended

spouse=3 family =1

Jaily expenditure [ ]

nvestment on land [ 1]

>hildren education [ ]

fealth [ 1 |I ]

{ousehold assets [ ]

-. Sanitation Score Total score
Access to a toilet facility | Owned toilet=3 Community toilet=2 None=1 [ ] [ ]
Condition of toilet Hygienic =3 Better= 2 Unhygienic =1 [ ] [ ]
G. Participation in social activities Score Total score
Participation level -Freedom to participate in any gathering=2 [ ] [ ]

-Limited freedom to participate=1
H. Health of ecosystem services Score Total score
Ecosystem services Sustained =3 | Deteriorating | Worsened =1
=2
Fish availability [ ]
Vegetation for animals [ ] [ ]
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Availability of [ ]
medicinal plants
Availability of fuel [ ]
wood
Fruits availability [ ]
Water availability for [ 1]
ecreational purposes
‘lood control [ ]
‘rosion control [ ]
iltation control [ ]
‘ests and diseases [ ]
ontrol
SECTION F
Factors that might affect farmers' livelihood
>rop farm income of household members for the past 12 months
{ousehold Members Crop (a)Total (b) Units | (c) Crop (d) Total crop
output of | {e.g. bags, | Value per | value {a*c}
crop bowls etc} | unit GHC | GHC
{ousehold Irrigated
{ead
Rain-fed
)pouse Irrigated
Rain-fed
children and | Irrigated
others
Rain-fed
TOTAL

Inventory of Farmer's household livestock (Skip if respondent does not rear livestock)

Type of livestock

Number sold
over the last
12 months

Number
dead

Number
stolen

Number Number in
killed for stock
household

consumption
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Cattle

Sheep

Goat

Pigs

Poultry birds

Total

ther livelihood supporting income of farmer's household ( Skip if not applicable )

mittances received Value in Gh(C [
verage monthly salary of Household head ( if a Value in GhC [
lary earner)

verage monthly salary of Household head's Value in GhC [

ouse (if a salary earner)

‘hers

Name of interviewer: [

] Signature: [

Contact of interviewee (if any): [
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EBFMPs Some Importance of EBFMPs
Manure e |t provides energy for microbes and other minerals for growth of
application crops

It also introduces nitrogen to the soil

Conservative
tillage

It conserves soil carbon which help maintain agricultural soil
structure and fertility
It controls soil erosion and siltation

Inter-cropping
with legumes

It provides organic nitrogenous compounds to plants

Crop rotation

Allows biological balancing of soil nutrients such as fixation of
nitrogen
It controls chronic soil borne diseases

Mulching

It controls weeds and maintain crops temperature
It also help reduce incidence of diseases

Conservation of
vegetation

Decompose to fertilize the soil nutrients
It also prevents salination

Efficient drainage
systems

Prevents siltation and water wastage

Soil/stone bunding

Prevents water wastage and loss of soil nutrients.
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Appendix B
Livelihood indicators of farmers and scores of measurements

Livelihood Indicators Scores of Measurement Total Score

A. Monthly food availability Scores for all months in the year

January Sufficient =3, Insufficient =2, HTS=36, LTS=12
February Extreme shortage =1
* ga  IFFS[4
* IFIPSl = T x 100
*
December
B. Housing Conditions Scores for housing condition
parameters
Ownership of house Personal house=3, Family house=2, HTS=16, LTS=5

rented house= 1

Number of rooms roofed with All rooms =3, Half of the rooms=2,
roofing sheets( e.g. aluminium or
zinc sheets) Below half=1

_IFFS['¢
16

IFIPSHC x 100

Number of rooms built with All rooms =3, Half of the rooms=2,
cement blocks

Below half=1

Number of rooms floored All rooms =3, Half of the rooms=2,
Below half=1

General impression Excellent =4, Very good= 3, Good=2,
Bad=1

C. Health situation Scores  for health  situation
parameters

Availability of close-by health District Hospital/community health HTS=11, LTS=4
facility
centre/CHPS compound =2,
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No health facility closely available=1 IFFSHS
PSf® = 1—; x 100
Access to District All household members= 3,  Some
Hospital/community health
centre members =2 , No access=1
Access to herbal treatment Always= 3, Difficult =2 , Not at
all=1
Pharmacy Always= 3, Difficult =2 , Not at
all=1
D. Water facilities Scores  for  water  facilities
parameters
Source of water Borehole/pipe=4, Mechanized HTS=43, LTS=14
well=3,
Uncovered well=2, River/pond=1 wp  IFFS'F
Perceived quality of drinking Good= 3, Clean but smells=2, IFIPS™" = 43 X100
Unclean =1
water
Monthly availability of water Adequate =3, Inadequate =2,
Scarcity=1
January
February
*
*
*
December
E. Decision-making in cash Scores on decision parameters
expenditure
HTS=20, LTS=5
Daily expenditure Farmer=4, farmer and spouse=3,
Investment on land _ rce  IFFSTF
Children's education spouse=2, extended family=1 [FIPS; =" = —5—x 100

Households assets
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F. Sanitation

Scores on sanitation parameters

Possession of toilet

Condition of toilet

Owned toilet=3, community toilet=2, HTS=6, LTS=2

None=1 S IFFSiS
IFIPSL = T X 100

Hygienic=3, Better=2, Unhygienic=1

G. Participation of in social

activities

H. Health of ecosystem
services

Freedom to participate =2, limited HTS=2, LTS=1

freedom to participate =1 IFFS?
IFIPS] = 5— x 100

Scores on health of ecosystems
services parameters

HTS=30, LTS=10

Fish availability
Vegetation for animals Sustained =3, Deteriorating =2 ,
Availability of medical plants ; .
Fuel wood availability Worsened=1 IFFSFe°
Fruits availability IFIPS{®? = —5—x 100
Water availability recreational
purposes
Flood control
Erosion control
Siltation control
Pests and diseases control
. Income Scores on farm income
Category of last season’s crops Category (GHC ) Score  HTS=11, LTS=1
value (GHC )

<1000 1

ot

) to 3, Inc _ i
3,001 to 4,000 4 IFIPS{™ = =37 — > 100
4,001 to 5,000 5
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5,001 to 6,000
6,001 to 7,000
7,001 to 8,000
8,001 to 9,000
9,001 to 10,000
10,000+

P 2 OO0 ~NO

— O

Where: HTS=Highest total score, LTS=Lowest total score

Source : Adopted and modified from Sheheli (2012)
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Appendix C

Outcome regression equations of farmers’ livelihoods

teffects ra (ALSS Age Sex Educ_d HH size Fm size irr Remittances Off fm inc Irrig ty

> pe) (Adoptn cat), pomeans aequations

Iteration O: EE criterion = 8.657e-28
Iteration 1: EE criterion = 4.547e-29
Treatment-effects estimation Number of obs = 300
Estimator : regression adjustment
Outcome model : linear
Treatment model: none
Robust
ALSS Coef. Std. Err. 4 P>|z| [95% Conf. Interval]
POmeans
Adoptn_cat
Low adopter 75.75649 .4400996 172.13 0.000 74.89391 76.61907
High adopter 78.73369 .4557901 172.74 0.000 77.84036 79.62702
OMEO
Age .0566963 .0384755 1.47 0.141 -.0187142 .1321068
Sex -2.305919 .7665901 -3.01 0.003 -3.808408 -.8034296
Educ_d .4952205 . 7432027 0.67 0.505 -.9614301 1.951871
HH size -.1569555 .1415621 -1.11 0.268 -.4344121 .1205011
Fm size irr 1.408636 .3115572 4.52 0.000 .7979955 2.019277
Remittances .00222¢68 .0010866 2.05 0.040 .0000972 .0043564
Off fm inc 2.033423 .8614628 2.36 0.018 .3449865 3.721859
Irrig type -3.726056 .8585895 -4.34 0.000 -5.408861 -2.043252
_cons 73.52813 1.691385 43.47 0.000 70.21308 76.84319
OME1
Age .0331541 .0396088 0.84 0.403 -.0444777 .1107859
Sex -3.297252 .8553932 -3.85 0.000 -4.973792 -1.620713
Educ d 2.030811 .8835922 2.30 0.022 .299002 3.76262
HH size -.076351 .2074793 -0.37 0.713 -.483003 .330301
Fm size irr 1.821217 .6668673 2.73 0.006 .514181 3.128253
Remittances .0024315 .0009066 2.68 0.007 .0006545 .0042084
Off fm inc 1.752446 .8435547 2.08 0.038 .0991091 3.405783
Irrig type -.7293524 1.275987 -0.57 0.568 -3.230242 1.771537
_cons 74.90096 2.410242 31.08 0.000 70.17698 79.62495
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) Appendix D
Matrix 4  =ctives, Methods of Analysis, Key Findings, Conclusions, Implications and Policy Recommendations
A
Objectives a thods of analysis | Key findings Conclusions Implications Policy
U: recommendations
To identit j criptive Statistics i. The I. Farmers If the current farming Farmers should be
and descrit 4 EBFMPs are trading-off EBFMPs | practices should persist, educated on the need
the EBFMF é identified are | for higher yields. the soils will degrade to a | to use more
in governmel 0 compost ii. Farmers state where farming will | sustainable farming
and d application, under CIS are using more | not be a cost effective practices.
community ﬁ conservative tilling, | EBFMPs than those under | venture.
managed A conservation of | GIS.
irrigation % vegetation,
schemes. h mulching, crop
f rotation,
n intercropping with
i legumes, efficient
¢ drainage  systems
% and soil bunding.
ii. Thereis
low adoption of
EBFMPs in the
@) study area.
\ iii. CIS
W adopt more
EBFMPs than GIS.
To examine | Poisson and negative | Age of farmers, I. Aged I. Farmers I. Policy
the factors | binomial regression. | irrigated farm | farmers are more | will use more EBFMPs if | implementers
that influence distance from | conscious of | they are educated on their | should intensify
the adoption home, farmer’s | environmental importance their extension
of EBFMPs perception of soil | sustainability. ii. Farmers activities to educate
by farmers. fertility, farmers’ ii. More (especially those under | farmers on EBFMPs.
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knowledge of
EBFMPs, number
of extension visits
and the type of
irrigation  scheme
the farmers
cultivated influence
the intensity of
EBFMPs adoption

EBFMPs are wused on
farms closer to farmers’
houses.

iii. Farmers
under CIS  used more
sustainable farm practices
than those under GIS.

iv. Extension
Services (especially in
CIS) increases farmers
rate of EBFMPs adoption.

V. Knowledge
on EBFMPs increases its
rate of adoption.

CIS) will improve the
rate of using EBFMPs if
they  get  extension
services.

iii. Investment
on CIS is more ecosystem
friendly than GIS.

iv. Farmers
will use more EBFMPs if
they perceive the lands
are more fertile.

ii. The youth
should be educated
more on the use of
EBFMPs.

iii. Equal
attention should be
given to CIS in terms
of infrastructural
development and
other interventions.

Contingent
1ation
'™).

Mean
iparison t-test.

method

Farmers under CIS
are more willing to
pay and at a higher
value for EBFMPs
sustainability than
those under GIS.

Farmers under CIS value
the services provided by
the agro-ecosystems than
those under GIS.

Farmers under CIS have
more  knowledge and
appreciate the services
provided by the EBFMPs
than those under GIS

Farmers under GIS
should be educated
or trained on the
importance of the
ecosystems.

To analyse the
effect of
EBFMPs on
the livelihood
outcomes  of
farmers.

1.

Treatment
method
(regression
adjustment).

effect

i. The
Treatment effect of
EBFMPs adoption

on farmers’
livelihood is
positive indicating

High adopters of
EBFMPs have higher
livelihood status score.

Farmers' livelihoods can
be improved by
increasing the number of
EBFMPs adopted.

More programs and
projects should be

tailored on
sustainable  farming
since it improves
more of farmers’
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that high adoption
of EBFMPs
increases farmers’
livelihood status
scores (ALSS).

livelihood.
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