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Abstract

The importance of agricultural technology in enhancing production and productivity can be
realized when yield increasing technologies are widely been used and diffused. Standing from this
logical ground, this paper aimed to evaluate the impact of legumes technologies adoption on farm
income on Guraghe Zone in Ethiopia. This study used cross sectional data that acquired from
total of 204 households which were randomly and proportionately sample from 9 major legumes
producer kebeles in three district of Guraghe zone stratifies sampling-technigues, Logit model
was used to estimate to identify underlying factor that determiné®adeption ofilegume technologies
(improve legume seed, fertilizers, chemicals, inoculants and farming techniques). PSM model was
used to estimate to evaluate the impact of legume te¢hnolegies.adoption of farmers’ income.
Descriptive statistics and econometric models weresused to-anglyze the data. The results from
logit model indicate that educational level of householdythe household headed, member of
cooperative association, to advices to agricultural extensz"on services, size of cultivated land for
crop, credit access, off-farm participation anditropiéal livestock unit positively significant adopt
of legume technologies adoptiof.| If femaléyofshousehold headed and plot size for legumes crop
cultivated purpose negatively-sighifieantinfluence of legume technologies adoption. Impact
assessment of the marginal.effect. shiowed that farmers who had adopted legume technologies
could enhance thein_annualtotalincome level by 46.6% and the crop income particularly from
grain legume has been inereased by 88%. What about the impact based on the findings, the study
suggests that strengthening the promotion of full package technology adoption will have crucial
role towards improving the livelihood of households in the study area. In doing so, managing the
possible influencing factors that affect adoption of legume technology should be a prerequisite.

Key words: Legumes Technology, technology adoption, Logit, PSM Model, Guraghe, Ethiopia
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CHAPTER ONE
INTRODUCTION

1.1. Background of the study

Globally, agricultural development is expected to have the potential@f helping in-trimming down
poverty for 75% of the world's poor, who lives in rural areas and work mainly sn’ farming. It can
also contribute in raising incomes, improving food security and benefitting the environment.
Agriculture accounts for one-third of GDP and three-quarters“of. employment in Sub-Saharan

Africa (WB, 2013).

Ethiopian economy is fundamentally agrarian where.the perfosmance of the agriculture sector
dictates the entire economic performance of the ceumtry.’/Despite the reportedly growing
importance of the manufacturing and the sadustry sectors,”agriculture continues to account for
nearly 36.7% of the gross-domestic product (GDP), more than 72% of labor employment and
80.84% of foreign export earnings (NBE , 2019/16).

Principal crops of Ethiopian ag@riculture “iielude coffee, legumes, oilseeds, cereals, potatoes,
sugarcane, and vegetables. The majot.staplefoods in Ethiopia are grains (e.g. teff, wheat, barley,
corn, sorghum, and millet), legumes, otls, ensete, fruits and vegetables. Grains are the most
important field cropsqand-the\chief jelement in the diet of most Ethiopians. Exports are almost
entirely from agriéiltural\commodities, and coffee is the largest foreign exchange earner, the
next sesame and legumesiaie-estimated to be the third most important export crop in Ethiopia

just next to sesame (MOARD, 2008).

Pulses/Legumes are the second most important element in the national diet and a principal
protein source. They are boiled, roasted, or included in a stew-like dish known as wot, which is
sometimes a main dish and sometimes a supplementary food. Pulses, grown widely at all
altitudes from sea level to about 3,000 meters, are more prevalent in the Northern and Central

highlands. Pulses were a particularly important export item before the revolution. Major pulse



crops grown in the country are chickpea, haricot beans, lentils, faba bean and peas. Legumes in
Ethiopia cover 12.42% of the total cultivated land and provide 11.89% of the total crop
production of the country, which is 2.67 million tons (CSA, 2015).

According to Legese (2004), feeding the rapidly growing population of Ethiopia by means of
extensive farming is becoming unachievable due to limited opportunities for area expansion.
Rather, the option that looks more likely is increasing yield through intensification, which
involves adoption of different improved agricultural practices (Million and Belay, 2004). Despite
the significant contribution of adoption of agricultural innovations f@t increasing production and
income, adoption rate of modern agricultural technologies in the countryus-very low (Di Zeng et
al., 2014 and Berihun et al., 2014). In order to raise the agricultural'pteduction and productivity,
raise income, reduce poverty and to enhance the food secutity-and|¢hildren nutrition, on a
sustainable basis in the developing countries like Ethigpia, large-scale’ddoption and diffusion of
new technologies is very essential (Tsegaye and Bekelep2012; Degye et al.,2013 and Di Zeng et
al.,2014).

Despite the crucial role of legumes forgpeverty reduction and improving food security in
Ethiopia, lack of technological changé land “market/imperfections have often locked small
producers into subsistence production and centributed to stagnation of the sector (Shiferaw and
Teklewold, 2007). Even if several reseanch and development efforts have attempted to facilitate
productivity growth for small ‘farmers, some of these efforts did not stimulate large-scale
technology uptake and diffusion., ThiSgissmainly because of the limited understanding of farm
level constraints, farmer preferences-and the challenges related to better coordination of input
supply and delivery ofifiew technologies and market linkages for small producers. Therefore, this
study aimed at fillig-the gap On identification of determinants behind lower adoption of
legume technologies and“evaluating the impacts of adoption on the farmer’s incomes of

household.

The general motivations of this paper is that eight main legumes widely grown in Ethiopia are:
faba bean, chickpea, field pea, grass pea, and lentil for the cooler highlands and on haricot bean,
groundnut and soybean, for the warmer mid and low altitudes of the country. Overall, faba bean
is the largest leguminous crop in Ethiopia followed by haricot bean and chickpea. Field pea and

grass pea serve as an important food security crop in many areas and still account for more than
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300,000 tons each. In total, Ethiopian legume production accounts for almost 3 million tons. At
present, virtually all legume production in Ethiopia is undertaken by smallholder farmers with

limited external inputs on plot sizes of up to 1.5 ha (CSA, 2013).

Legumes grown in Ethiopia 2016/17 (2009 E.C.) covered 12.92% (1,624,773.23 hectares) of the
grain crop area and 10.13% (about 29,442,665.89 quintals) of the grain production was drawn
from the same crops. Faba beans, haricot beans (white), haricot beans (red), chick peas, lentils,
grass pea, soya bean and groundnut were planted to 3.40% (about 427,696.80 hectares), 0.63%
(about 78,910.13 hectares), 1.68% (about 211,292.30 hectares),£1.79% (about 225,607.53
hectares), 0.9%(about 113,684.63 hectares), 1.2%(about 151,268.58 thectargs), 0.29%(about
36,635.79 hectares) and 0.59%(about 74,861.23 hectares) of the-grain erop ared

According to (IFPRI, 2010) report pulses are grown threughout‘the country. However, the lion
share production is concentrated in the Amhara and Ofomiyaftegions, wvhich together account for
92 percent of chickpea production, 85 percent of faba bean prgduction, 79 percent of haricot
bean production, and 79 percent of field pea production: The”SNNPRG stands third in overall
production of pulses by producing 10% of ghe faba bean, L8% of the filed pea, 3% of chickpea
and 15% of haricot bean. Guraghe Zonélin 2007/2018/productive season annual achievement
report the main crop on average areaof landWibelg"'& "meher" 175,505.5 hectares cultivated, of
which legumes 25,428.75 hectares sow nxder leghmes crop about 6% of the total sow different

variety of certified legumes seediused.
1.2. Statement of the,Problem

Based on the Multidimefisionak Poverty Index, Ethiopia ranks the second poorest country in the
world just ahead0fNiger'(OPHI;/2015). Ethiopian economy is highly agriculture-dependent and
it is characterized as subsistehce-oriented. Use of improved seed holds the key to sustainable
food crop production across the globe because seed is the basic agricultural inputs that brought
improvement of agricultural productivity (Pelmer, 2005). Likewise, chemical fertilizer is
regarded as a crucial component of farm inputs by small-scale farmers. In ideal farming
condition, farmers should use fertilizer and improved seed together in order to achieve the

optimal return of crop production (Nigussie et al., 2012).



The development in cropping system helps for the improvement of standard of living of
smallholder farmers who took the major part of the nations of Ethiopia. Despite the fact that
farming technologies such as improved seed and chemical fertilizer is considered as contributing
determinants for development of the worldwide agriculture, Ethiopia has chronicle poverty and
food insecurity problem for a sustained period of time. One of the reasons for the prevalence of
food insecurity is low rate of adoption of improved farm inputs. In fact different agricultural
technologies have been released to improve productivity of smallholder farmers in the country
(Hailu, 2008). But the national adoption rate could not exceeded 11% in major farming inputs
such as improved seed and chemical fertilizers. As a result, low cropiproductionyand household

income remained to be endemic problems in the country (Paul andsShahidury2012).

The study area was conducted in 73.2% of residents are severe poor in'the region (OPHI, 2017)
of Ethiopia, SNNPRG regional state specifically in Gurdge Zone. Even if so much has been done
in developing improved technologies of legumes and ingdisseminating them in different parts of
Ethiopia, understanding the drivers of adoption andithe struetute of the diffusion process is an
essential component of any research aimed at tackling‘theé-challenges faced by resource poor
households. There are in fact many studiés .on theyadoption and impact of agricultural
technologies (Asfaw et al., 2011; Tsegayéwand Bekele,2012; Degye et al., 2013 and Di Zeng et
al., 2014). However, most of them4oeused only on identifying determinants of adoption and in
analyzing the impact on wellbeifig by congidering adoption as a binary treatment (Asfaw et al.,
2011; Tsegaye and Bekeleg|2012).But there are prospects to predict the factors affecting
adoption level via constructingsemi-experimental scenarios. This study is designed to impact of

technologies adoptionef legumes producing on farmers’ income.

Leguminous cropspate-the sccond crops both in production and consumption in Ethiopian
farming system next to ceredls. It has also the big market share in the export market and
generating foreign currency for the national economy. Leguminous are the ultimate source of
protein in diet complements of these substance-farming communities but are rarely the major
focus of attention. Predominantly legume farming is carried out traditionally without the relief of
agricultural technology. In recent years, the adoption of agricultural technologies such as
improved seed, fertilizer, and farming equipments being utilized by the farming community but

still the rate of adoption is in its lower level. More importantly, Gurage zone where this study



conducted, dominantly known in cereal production and most of the adoption studies associated
with cereal crops while legumes are disregarded. Therefore, this study initiated to choose the
study area to fill the mentioned knowledge gap. Furthermore, as technology has a dynamic
nature, its effect varies along with time and hence continuous updating adoption effect is
required then technologies adoption means as a full package form. In this regard, it is
fundamental to researchers to measure the outcome of agricultural technology along with time

and as a full package form.

Variations in level of adoption of technology can be a result of géneralization of farmers by
decision makers. Farmers' initiative towards responding a technology varied due’to not only on
agro ecological determinants but also socioeconomic characteristics and technologies adoption is
including appropriate improve seed varieties, appropriate chemical fertilizers, row planting,
inoculants and integrated pest management use as @ package form/but not separately use.
Drawing key characterization elements among farmetsgwill-‘have Jan indispensable importance
towards customizing technology adoption. Thus, s betteifddevelop a typology of legume

farmers based on their current status in technglogy adoptiohs
1.3. Research Questions

The study addresses the following majoeiresearch'\questions:

1. What are the factors that determine adoption of legume technologies?
2. What is the impaet“of adoptiofifef haricot bean, chickpea, faba bean and field pea

varieties on househelds’ income?
1.4. Objectives/of the Study

The main objective of this stddy was to evaluate the impact of legumes technology adoption on

farmers’ income in Guraghe zone of Ethiopia.
The specific objectives of the study are to:

v' Identify the determinants of adoption of haricot bean, chickpea, faba bean and field

pea technologies.



v’ Evaluate the impact of adoption of haricot bean, chickpea, faba bean and field pea
varieties on households’ income.
v To identify the typology of farmers based on haricot bean, chickpea, faba bean and

field pea producing their current technologies adoption status.
1.5. Significance of the study

Development of agricultural technology by itself is not enough to bring growth of farmers’ and
improvement in livelihood. There should be an enabling policy environment which creates the
condition where farmers have access to improved technologieS ‘and-.also to7/increase their
production and productivity (Sitotaw, 2006). Dealing on adgption,of agrieditural technology
from farmers’ livelihood perspective has a significance té diaw the clear picture for policy

makers involved in development and dissemination of newitechnologies:

The result of this study could help stakeholders(agtiCultire offices, development partners,
research institutions) to identify the pivotal issue topaddressrthie technologies in attaining the
ultimate objectives. In addition, identifying determinants‘Which determine success or failure of
technology adoption has importance to guide future r&€arch. This study expected to point out

the main determinants that influence the adeption level:

Technologies to be recommendgd for“adoption should insure the livelihood of farmers. And
hence, impact studies enables Tesearcher to identify their end towards the most pressing issues.
With this respect, the/studynshows “to¥what extent adoption of technology influence their
livelihood. Once knowing'the impaet.of technology, designing appropriate policy and extension
service that is directed towards \fostering the adoption level by identifying the potential factors is
important. Besides,Jut 1s¢xpectéd that this study would serve as introductory to undertake

detailed and comprehensivestadies in related scenario.

Therefore, the study of adoption impact and determinants impeding the adoption of legume
technology would provide useful insight to policy makers, strategic planners, and administrators
in the formulation of appropriate agricultural policy. This study also serves as a springboard for

further detail research in legume grain farming.



1.6. Scope of the study

This study was in three district of Guraghe zone, which found in the SNNPR State. Farmers’
preference for of legume technology adoption packages is influenced by many factors. During
this analysis, factors influencing adoption of legumes technologies with relevancy chemical fertilizer
and pesticide by legumes producer of in Gurage Zone were the subject of the study. The study tried to
assess that factors adoption of the technology, the intensity of use of the technology within the study area
and to look at whether or not technology adoption led to higher financial gain to legume crops growers in
Gurage Zone. And here specific issues connected with land use, socio-econemic condition of home farms,
and therefore the practice of legumes production with reference to the adoption.of chemi€als like fertilizer
and pesticide; and opportunities of using those technologies in enhaficiig production have assessed.
However, since this study is limited to technology adoption, it cafnet.provide detailed information about
other related problems related to rural agriculture of the study, ‘area. Laek-of’adequate historical data is
also another problem in this study. The available informatign alsogvafies\in/many ways from year to year.
In addition to this local problem, lack of related literatire “about legumes technologies adoption within
Gurage Zone agriculture in general and within legumes “pteducers 'in particular is one of the significant
limitations for this study. Therefore, the study has undertaken to fulfill its objectives inside the mentioned

constraints.
1.7 Limitations of the study

The study was limited to three districts in“Gurage Zone. It was designed in such a way that the
sample was representative of'thé,food-legumes production potential of the area and yet it can
hardly have sufficient“external walidity “given the size of Gurage Zone both agro ecologies
heterogeneity of the gfarming, communities within. The study was prepared based on cross-
sectional data and.henge “doesynot look into the temporal dynamics of adoption of the
technologies and the “imipact thereof. In addition, the impact assessments were limited to
improved varieties despite the fact that the remaining technologies are usually recommended as a

package.
1.8 Organization of the study

The rest of this thesis is organized in five sections. Section two, dealt with review of literature

that includes definitions of concepts of legumes crops, adoption, agricultural technologies



adoption, stage of adoption, and theoretical and empirical reviews. Section three has presented
methodology with a brief description of the study area, sampling method, and methods of data
analysis. The results and discussion more detail in section four. Section five has presented

conclusions and recommendation.
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CHAPTER TWO

LITERATURE REVIEW
2.1. Definition of Basic Concepts

2.1.1. Definition of leguminous crops
Leguminous crops are sources of protein for humans and animals, vegetable oil for human
consumption, for human health, and resources for industries and bio-fuels. They are important
forage crops, groundcovers, and timber resources. Legume plants are notable for their ability to
fix atmospheric nitrogen, due to a mutualistic symbiotic relationshippwith baeteria (rhizobia)
found in root nodules of these plants. Legumes' nitrogen fixatiefifability resupplies depleted soil
with nitrogen. Usage example: "The use of a leguminous 4top;. such'as) alfalfa, can provide a
significant amount of nitrogen to subsequent crops in rotation and‘€angeplace the application of
synthetic nitrogen fertilizer. This means reduced | fertilizer “¢ost” and reduced fossil fuel
consumption to produce the fertilizer". Grain legufes, also called pulses, are plants belonging to
the family leguminosae (alternatively Fabaceae) whichhare ‘grown primarily for their edible
seeds. These seeds are harvested maturedand marketeddry to be used as food or feed or
processed into various products. Being, legumesy these plants have the advantage of fixing
atmospheric nitrogen for their own sieeds andyfor soil enrichment, thereby reducing the cost of
fertilizer inputs in crop farming. Crops thatare harvested green for forage and for vegetables are
excluded, as well as those grownifor grazing or green manure. Also excluded are the leguminous

crops with seeds which are“used exclusively for sowing, such as alfalfa and clover (FAO, 2010).
2.1.2. ImpactofLegume

There are several faetérs,that can help explain why the uptake and impact of legume technology
is less well documented than'is the case for some other major staples. Some are related to the
relative importance of legumes and hence the absolute contribution of changes in legume
technology and the importance that farmers may accord to opportunities for innovation. A
second set of factors is related to the mechanisms for promoting legume technology and
particularly the limitations of national seed systems for diffusing new varieties. A third set of
factors relates to the way that statistics are collected about legume technology use (Robert Tripp,

2011).



2.1.3. Importance of legumes

Legumes are known to perform multiple functions. Grain legumes provide food and feed, and
facilitate soil nutrient management and mitigating climate change. Herbaceous and tree legumes
can restore soil fertility and prevent land degradation while improving crop and livestock
productivity on a more sustainable basis. Thus cultivation of such dual-purpose legumes, which
enhance agricultural productivity while conserving the natural resource base, may be
instrumental for achieving income and food security, and for reversing land degradation.
Ethiopian farmers’ produce different legume crops mainly for fooddand feed, to_fetch cash, and
more importantly to restore the fertility of the crop land. Farmers“participation on pulses
cultivation in the country has been increased nearly by doubleffrom 4Syte 8.5 million farmers for
the last nearly 20 years. Legumes contribute to smallholder ineome, as|a/higher-value crop than
cereals, and to diet, as a cost- effective source of prétein that-accounts for approximately 15
percent of protein intake. Moreover, pulses offer, natufal Soil jmaintenance benefits through
nitrogen-fixing, which improves yields of cereals thiteugh erep-totation, and can also result in
savings for smallholder farmers from less, fertilizer useylt also contributes significantly to

Ethiopia’s balance of payments.
2.1.4. Definition of Adoption

The adoption of an innovatiofi, within a“se€ial system takes place through its adoption by
individuals or groups. ) Accordingpto Federer al. (1985), adoption may be defined as the
integration of an innovatign inte farmers™ normal farming activities over an extended period of
time. Dasgupta (1989)sioted\that adoption, however, is not a permanent behavior. This implies
that an individualdmay decide‘tordiscontinue the use of an innovation for a variety of personal,
institutional, and social reasens one of which might be the availability of another practice that is

better in satisfying farmers' needs.

Feder et al. (1985) classified adoption as an individual (farm level) adoption and aggregate
adoption. Adoption at the individual farmers' level is defined as the degree of use of new
technology in long run equilibrium when the farmer has full information about the new
technology and its potential. In the context of aggregate adoption behavior they defined diffusion

process as the spread of new technology within a region. This implies that aggregate adoption is
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measured by the aggregate level of specific new technology with a given geographical area or

within the given population.

Rogers (1983) defines the adoption process as the mental process through which individual
passes from first hearing about an innovation or technology to final adoption. This indicates that
adoption is not a sudden event but a process. Farmers do not accept innovations immediately;
they need time to think over things before reaching a decision. The rate of adoption is defined as
the percentage of farmers who have adopted a given technology. The intensity of adoption is
defined as the level of adoption of a given technology. The number of hectares planted with
improved seed (also tested as the percentage of each farm planted tonmproved seed) or the
amount of input applied per hectare will be referred to as’the mtensity) of adoption of the

respective technologies (Nkonya et al. 1997).
2.1.5. Agricultural Technology Adoption

The concept of technology adoption could be better eonceptualized through understanding the
difference between technology adoption andidiffusion, which are highly interrelated but distinct
concepts. Adoption is related to private utility mechanismé (Federet al., 1985; Feder and Umali,
1993) and can be defined as “the choice to‘acquire and use a new invention or innovation” (Hall
and Kahn, 2002), whereas “diffusionjis the prodess by which an innovation is communicated
through certain channels ovet |time amomg- the members of a social system” (Rogers,
1983).Technology adoptiondis-measuted-at/one point in time while technology diffusion is the

spread of a new technology.across pepulation over time (Thirtle and Ruttan, 1987).

Rogers (1962) summarizedithé\aboyve definition of technology diffusion using the following four
core elements: (1) theltechnology that represents the new idea, practice, or object being defused,
(2) communication channels”which represent the way information about the new technology
flows from change agents suppliers (extension, technology suppliers) to final users or farmer, (3)
the time period over which a social system adopts a technology and (4) the social system.
Overall, the technology diffusion process essentially encompasses the adoption process of
several individuals or farmers over time. Further, another study by Rogers (1995), defined the
rate of adoption (speed of adoption) of a given technology. It is the relative speed with which

farmers adopt technology; in this definition consideration is given to the element of a given
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technology to the farmers. According to Feder et al. (1985), adoption can be categorized into
individual or aggregate adoption. They defined individual adoption as the degree of use of a new
technology in a long-run equilibrium when the farmer has full information about the new
technology and its potential, whereas aggregate adoption is defined as the process of spread of a
technology within a region. Further, their studies distinguished technologies that are divisible
and non-divisible. Divisible technology in terms of resource allocation requires the decision
process to involve area allocations as well as levels of use of the rate of application (for instance,
improved seed, chemical fertilizer, and herbicide and pesticide). Whereas, technologies that are
not divisible in term of resource allocation require how much resoureéyto.be allpeated to the new
and old technologies (for instance: mechanization, irrigationgand- bettér fafrm management
practices such as uses of recommended agronomic practices)ayThe application of the concept of
adoption in empirical studies, therefore, requires makingdistinctionbetween technologies which
are divisible and non-divisible. This is because often fimesghenature’of the technology dictates
the terms on which adoption is conceptualized amd-analyzed. Therefore, adoption of improved
agricultural technologies such as improved variety and/or chémical fertilizer can therefore be
categorized as divisible technology, definedfds farmers-who/planted at least one improved maize
variety and/or use chemical fertilizer fof \maizejand non-adopters are those who did not grow
any of the improved maize variety and/or uséd chemical fertilizer in maize farming. Adoption of
recommended agronomic practicgs suchias.the use of timely planting, cropping system and seed
spacing are categorized as a ndn=divisible technology, measured in terms of the status of use by

smallholder farmers for planting.

Rogers (1962) developed. aztechnology adoption model, generalized the use of it in his book
entitled as “Diffusion_ofidnnevations”. He used the model to describe how technology spread in
the social system. The'teéhnolegy adoption model describes the adoption or acceptance of a new
product or technology. The process of adoption over time is typically illustrated as a classical
normal distribution or bell-curve and use the mean and standard deviation to divide the normal
adopter distribution categories. The model indicates that the first group of people to use a new
product or technology is called innovators, followed by early adopters. Next come the early and
late majority, and the last group to eventually adopt a product are called laggards. While
explaining each of the categories the study by Rogers (1962) defined as:
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Innovators: These are the first individuals to adopt a given technology and hence they are
willing to take risks, youngest in age, have the highest social class, have great financial liquidity,
are very social and have closest contact with scientific sources and interacting with other

Innovators.

Early adopters: These are those groups of individuals who are typically younger in age, have a
higher social status, have more financial liquidity, advanced education, and are more socially

forward than late adopters, which means more discrete in adoption choices than innovators.

Early majority: Individuals in this category adopt technology afteri@a varyingydégree of time.
This time of adoption is significantly longer than the inngyatosyand “early’ adopters. Early
majority tend to be slower in the adoption process, have abov@iaverage social status, contact with

early adopters, and seldom hold positions of opinion lead€ship in"agystom.

Late majority: Individuals in this category will adoptitechniology/ after the average member of
the society. These individuals approach technology with.a high degree of skepticism, and after
the majority of society has adopted the technology. Late majority is typically skeptical about
technology, have below average social status, ety little ﬁﬁancial lucidity, in contact with others

in late majority and the early majority, very¥ittle opimion leadership.

Laggards: Individuals in this cdtegory ate theflast to adopt a technology. Unlike some of the
previous categories, individuals|in_this category show little to no opinion leadership. These
individuals typically haye‘an aversion to change-agents and tend to be advanced in age. Laggards
typically tend to be focused on “traditions”, likely to have lower social status, lowest financial

fluidity, older of al] otheradepters, in contact with only family and close friends.
2. 2. Theoretical Réviews

Impact assessment is a process of systematic and objective identification of the short and long
term effects of intervention on economic, social, institutional and environments. Such effects
may be anticipated or unanticipated and positive or negative, at the level of individuals,
households, or the organization caused by ongoing or completed development activities such as a

project or program (Rover and Dixon, 2007, Omoto, 2003). Impact assessment evaluation is the
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extent to which a project has caused desired or undesired changes in the intended users. It is
concerned with the net impact of intervention on individuals, households, or institutions
attributable only and exclusively to that intervention (Baker, 2000). Impact on income is a
reward that the owners of fixed factors of production receive as a result of allowing their land,

capital, and labor to take part in production.

The very focus of impact analysis was the contrast of adopters to the counter factual non
adopters. Therefore, measuring the marginal effect of the adoptions of the new technology over
the traditional practice is essential. According to FAO (2000), impact assessment is done for
several practical reasons: (1) accountability — to evaluate how well we'have doné in the past, to
report to stakeholders on the return to their investment, and#to stremgthen political support for
continued investment; (2) improving project design and implcmentation - to learn lessons from
past that can be applied in improving efficiency ofgresearch_projects; and (3) planning and
prioritizing - to assess likely future impacts of institutignal actions/ and investment of resources,
with results being used in resource allocation and prieritizingsfuture projects and activities, and

designing policies.

Technological change is very importantsn cases,where there is limited scope for increasing
agricultural production through incréased use%ef. input of factors like land (Solow, 1957). There
are serious complexities associated with>wunderstanding the impact pathway through which
agricultural technology adoptionimight affect household welfare. This is due to the fact that crop
production can affect houschold welfare directly or indirectly. Crop production affects poverty
directly by raising the welfare ofypeor farmers who adopt technological innovation though
increased production, lowesing cost of production, and improving natural resource management

(Janvry et al., 2007).

Impact studies essentially have the same process as technology development itself. It typically

does this by comparing outcomes between beneficiaries and control groups (AIEI 2010).

Since the data for this study was obtained from survey, non experimental impact evaluation
design is preferred using propensity score matching method of analysis. According to
Rosenbaum and Rubin (1983) and, Heckman et al., (1998), Propensity Score Matching is a non

experimental method for estimating the average effect on social programs. The method compares
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average outcomes of participants and non participants conditioning on the propensity score
values. In order to make causal inferences, random selection of subjects and random allocation of
treatments to subjects was required. In observational studies, random limitations of an
observational study are that there may be random selection of subjects but not random allocation
of treatments to subjects. When there is lack of randomization, causal inferences can’t be made
because it is not possible to determine whether the difference in outcome between treated and
control (untreated) subjects is due to treatment difference between subjects on other

characteristics.

Programs might appear potentially promising before implementationnyet /fail to generate
expected impacts or benefits. The obvious need for impact gvaluatiomyis to Help policy makers
decide whether programs are generating intended effects; topromote accountability in the
allocation of resources across public programs; and t6fill gaps.in‘understanding what works,
what does not, and how measured changes in well-beinggare attributable to a particular project or

policy intervention (Shahidur et al., 2010).

Estimating the impact of the participatiod =-in this case¢”adoption of legume technologies -
requires separating its effect from pafticipatingpfactofs, which may be correlated with the
outcomes. This task of “netting out’she effectof the’program from other factors is facilitating if
control groups are introduced. “Controligroup” £onsists of a comparable group of individuals or
households who did not inyolve in the program, but have similar characteristics as those
participating in the prograim; ealled the “treatment group”. In theory, evaluators could follow
three main methods in%\establishimg control and treatment groups: randomization/pure
experimental design; non#experimental design and quasi-experimental design. In practice, in the
social sciences, 4hefiehoice. of'd particular approach depends, among other things, on data
availability, cost and ethics fo’experiment. In what follows, brief descriptions of the main impact

evaluation methods mentioned above are given.
2.3. Experimental method and Non-Experimental methods

Experimental method is randomized method, where the treatment and control samples are
randomly drawn from the same population. In other words, in a randomized experiment,

individuals are randomly placed into two groups, namely, those that involve in the program or
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those that do not involve in the program. This allows the researcher to determine the
participation impact by comparing means of outcome variable for the two groups. In the
contrary, non experimental approach is used in cases where program placement is intentionally
located. Non experimental methods are frequently used in practice either because program
administrators are not too keen to randomly exclude certain parts of the population from an
intervention or because a randomized approach is out of context for a rapid-action project with

no times to conduct an experiment.

Generally, randomized evaluations seek to identify a program’s effgct by identifying a group of
subjects sharing similar observed characteristics (say, across incomes andyearning opportunities)
and assigning the treatment randomly to a subset of this group.,/The nontreated subjects then act
as a comparison group to mimic counterfactual outcomes. Thigyimethod /avoids the problem of
selection bias from unobserved characteristics. Howevér, the quality;0f impact analysis depends
ultimately on how it is designed and implemented. Oftefthe problems of compliance, spillovers,
and unobserved sample bias hamper clean identification.of pregram effects from randomization.
In such cases, researchers then turn to non-experimental methods. The basic problem with a non
experimental design is that for the most partindividuals afe not randomly assigned to programs,

and as a result, selection bias occurs in assessing theprogram impact (Shahidur et al., 2010).

The essential idea of the beforg/and “after_estimator of an impact evaluation approach is to
compare the outcome of interest| variable for a group of individuals after participating in a
program with outcome jof the same variable for the same group or a broadly equivalent group
before participating in theprogram and to view the difference between the two outcomes as the
estimate of average trcatment effect on the treated. Cross-section estimators use non-participants

to derive the counterfactual for participants in which case it becomes quasi-experimental method.

A quasi-experimental method is the only alternative when neither a baseline survey nor
randomizations are feasible options (Jalan and Ravallion, 2003). The main benefit of quasi
experimental designs are that they can draw on existing data sources and are thus often quicker
and cheaper to implement, and they can be performed after a project has been implemented,
given sufficient existing data. The principal disadvantages of quasi-experimental techniques are

that the reliability of the results is often reduced as the methodology is less robust statistically;
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the methods can be statistically complex and data demanding; and there is a problem of selection

bias.
2.4. Propensity Score Matching

Propensity score matching (PSM) is one of the quasi-experimental methods, which constructs a
statistical comparison group that is based on a model of the probability of participating in the
treatment, using observed characteristics. Participants are then matched on the basis of this

probability, or propensity score, to nonparticipants. The average treatment effect of the program

is then calculated as the mean difference in outcomes across these-two'groups,/ The validity of
PSM depends on two conditions: (a) conditional independenée/(namely, \thatunobserved factors
do not affect participation) and (b) sizable common support @nyeverlap in propensity scores
across the participant and nonparticipant samples. Differentpapprodches are used to match
participants and nonparticipants on the basis ofgthe“propensity/score. They include nearest
neighbor (NN) matching, caliper and radius matching, stratifi¢ation and interval matching, kernel
matching and local linear matching (LLM). Regressiomsbased methods on the sample of
participants and nonparticipants, using the propemsity scoré as weights, can lead to more efficient

estimates.

PSM is not without its potentially pproblemiatic_.assumptions and implementation challenges. First,
PSM requires large amounts, offdata both on the universe of variables that could potentially
confound the relationghip between outcome and intervention, and on large numbers of
observations to maximize efficiency (Bernard et al., 2010). Second, related to the previous point
one can never be entirelystire that it has actually included all relevant covariates in the first stage
of the matching modelyand,effectively satisfied the conditional independence assumption (CIA).
Furthermore, PSM is non-parametric: that does not make any functional form assumptions
regarding the average differences in the outcome. Although the first stage involves specification
choices - e.g., functional form like logit and probit, empirical analyses tend to find impact
estimates that are reasonably robust to different functional forms. Moreover, if unobservable
characteristics also affect the outcomes, PSM approach is unable to address this bias (Ravallion,

2005).
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Irrespective of its shortcomings, PSM model was employed to evaluate the impact of adoption
(as a binary treatment variable) on the income of household because it is very appealing to
evaluators with time constraints and working without the baseline data that it can be used with a

single cross-section of data.
2.5. Generalized propensity score matching:

Currently, propensity score matching methods are extended to be applied in settings with
continuous treatments, where the focus is on assessing the heterogeneity of treatment effects
arising from different treatment levels, that is, different amount ofhintensitypot adoption of
improved legume varieties. Generalized Propensity Score (GPS)#otiDose Response Function is a
continuous treatment estimator developed by Hirano and Imbens. (2004).The GPS method relies
on the assumption that selection into different levels o0f\adoptionyef legume technologies is
random, conditional on observable characteristics (un¢onfodndedness) which could be important
determinants of intensity of adoption. In this studys generalized/propensity score matching was
employed to assess the impact of intensity of adoption legunie varieties (adoption as continues

treatment variable) on the adopter households,by discarding/non-adopter from the model.

After this study to shows that the differencesbetween ddoption of legumes technologies adopters
and none adopters based on annual‘inceine & incpme from legumes crops. According to this the
number of legumes technolo@ies adoptefincrease then after agricultural production &

productivity increases.
2.60Empirical Review literature

As is the case ingmany-developing countries with an agrarian economy, agricultural technology
adoption has got a numberof processes. It has both spatial and temporal dimension. It is argued
that technology adoption is not a one of static decision rather it involves a dynamic process in
which information gathering, learning and experience play pivotal roles particularly in the early

stage of adoption and diffusion (Assefa and Gezaghegn, 2010).

Technology can be adopted when it is found to be beneficial while dropped over time if loss is
entertained due to increasing cost of inputs, falling of yields or shift to other more profitable

technology (Dinar and Yaron, 1992). There are various reasons that brought agricultural

18



technologies to be adopted or brought for failed to do adoption. Quite much of the studies have
been generated on determinants of technology adoption both domestically and internationally.
Farmers move from learning to adoption to continuous or discontinuous use over time. The
characteristics of both the user and the technology are important in explaining adoption behavior
and the pathway for adoption. The lag between learning and adoption, and the possibility of
discontinuation imply that a longer period will be required for the majority of farmers to use the
technology than if adoption was a one off decision leading to continuous use. This picture has
been clearly demonstrated by the adoption process of the technology in the four regions of

Ethiopia considered in this study.

The study conducted in Ethiopia and western Kenya using probit analytical’model shows that
gender, agro-climate zone, manure use, hired labor and extensionsservice has a significant effect
towards adoption of improved seed and fertilizer (Salagya et al;;-1998; Cropenstedt et al., 2003).
On the other hand a study conducted in the coastalglow” lands of Kenya shows that non
availability and high cost of seed, unfavorable climate.corditions, perception, and insufficient

soil fertility has a negative and significant effect on adoptionof technology.

The study conducted in Morena districtdof.India; onrwheat production, found that knowledge of
farmers which may be acquired throfigh education, tfaining, and availability of information and
the credit facility has a significance positive.contribution to the adoption of improved technology
(Kansana et al., 1996). Nkonya\et al.,(1997), analysis factors affecting adoption of improved
maize seed and fertilizer it Northern Fanzania indicated that farm size, education and frequency
of visits by extension agents signifieantly and positively influenced maize seed adoption where
as the factors such as fammetrs’ age, family labor and yield variability have not significantly
influenced improvedimaize seed/adoption. Batz et al., (1999) a study conducted in Meru district
of Kenya to find out factors” affecting rate and speed of adoption of technology, less risky

technology is preferable and easily adopted.

Misfin (2005), on his study carried out to determine factors influencing adoption of triticale in
Farta wereda of Amhara region using Logistic regression model, maximum likelihood estimation
procedure, traced that distance to market center, distance to all weather road, access to leased-in

land, perception about superiority of yield of triticale, livestock holding, off/non farm income
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and input price were found to influence farmers adoption decision of triticale (wheat crop).
According to Yanggen et al., (1998), in Africa fertilizer application is determined by human
capital (basic education, extension and health); financial capital (income, credit and assets); yield
response (bio-physical technology and extension), basic services (infrastructure and quality

control) and input output price (structure conduct and performance of subsector, competition and

equity).

Foyed et al., (1999), in a study of adoption and associated impact of technology; conducted in
the western hill of Nepal draw that a balanced investment in research 'and extension is needed to
ensure adoption at the household level. The study found that the typicalreason for failing of
adoption is either lack of know how or supply of the techologicalhinputs/ So, in conditions
where official sources are not available, farmer to farmer intépaction/is important. Farmer to
farmer information flow can be built on by extending by_the “iivolvement of farmers in
technology development and by developing methods that enables to enhance their current roles

in technology dissemination.

Yuetal., (2011), in a study conducted on géreal technolegy adoption in Ethiopia, to examine the
extent of adoption of fertilizer seed technology package and factors affecting the adoption of
same using nationally representativefsecondaty-datas found that variables affecting the adoption
of the new technology, like accegs to extension service, the level of adoption at the district level,
and the experience of farmers using fertilizer in other crops, have a significant effect on the
probability of accessingfertilizer, and“impfoved seed by farmers. Specialization, together with
wealth and risk aversion, also playsha-major role in explaining crop area under fertilizer, which

should be related to bettefiaccess to technology-related knowledge.

According to Feder et“al,y¢1982) the conventional explanations for the sequential adoption
process are: lack of credit, limited access to information, aversion to risk, inadequate farm size,
and inadequate incentive associated with farm tenure arrangements, insufficient human capital,
absence of equipment to relieve labor shortage, and inappropriate transportation infrastructure.
Hailu (2008) used the probit and Tobit models to examine factors influencing adoption and
intensity of teff technologies in Ethiopia. The study revealed that farmers education level,

frequency of DA officer visits, credit availability and knowledge of farmers have positive
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influence towards technology adoption and adoption intensity whereas variables like age of

farmers, number of family labor, frequency of risk were inhibiting adoption of technology.

Saha et al., (1994) divide the adoption process into three stages: information collection, decision
on whether or not to adopt, and decision on how much to adopt. Filho (1997) applied both probit
and logit models and duration analysis to explain the maize growers’ behavior in the adoption of
new technologies. He found that both economic (such as yield level, income, and cost of
adoption) and non-economic (such as behavior of adopters' factors influences a farmer’s decision
to adopt the new technologies of maize. It shows that decisiofi‘\to adopt_the sustainable
technologies for maize is positively related to his/her contact with govetnment/mon-government
organizations, the farmer’s understanding of the negative effe€t’of chemicals,the available labor
force in the family and the soil fertility. Filho (1997) furthegh¢oncludes that the adoption is
negatively related to farm size. According to Fostér and Resenzweig (1996), agricultural
technology adoption decision was seriously been, detérmined by imperfect information, risk,
uncertainty of institutional constraints, human  capital, input-availability and infrastructural

problems.

The study by Degye (2013) in Eastétn. and“€entral highlands of Ethiopia identified the
determinants of adoption of chemital fertilizer, high yielding crop varieties and improved
livestock breeds and their interdegpendenge by using multivariate probit model. The results verify
that adoptions of these three agricultural technologies were significantly interdependent of each
other. Uses of chemical \fertilizer| were ‘positively affected by use of irrigation water, gross
agricultural income, distanee, to reseateh institution and farming system. Whereas the adoption of
high yielding variety\ were ‘positively determined by land allocated to cash crops, gross
agricultural incomejdistance to/research institution and farming system; where adoption of
improved livestock breeds wete positively affected by amount of cultivated land and distance to
research institution while it negatively affected by farming experience of household and distance

to nearest road.

Similar studies were also done on factors affecting the adoption and intensity of use of improved
forages in South Wollo, north east highlands of Ethiopia by Hassen (2014), using the double
hurdle model. The finding of this study suggests that the likelihood of adoption were enhanced
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by age of household head, ownership of livestock, and access to credit and extension service.
Where farm size, off/non-farm income, distance to all weather roads and markets, distance to
input and credit offices were found to adversely affecting the likelihood of adoption of improved
forages. The intensity of adoption of improved forages was enhanced by sex of household head
[being male], labor availability, and farm size where it is adversely affected by household size,
off/non-farm income, distance to all weather roads and markets and distance from development
agent office. Similarly, the study by Abreham and Tewodros (2014) identified level of education,
social participation, access to credit, labor availability, farm size, achievement motivation and
market distance as the major socio economic factors that affectthe intensitygyof adoption of
coffee in Yerga Cheffe District in Gedeo Zone of SNNP Regional State of/Ethiopia by using
Tobit model.

Using Logit model, Debelo (2015) assessed factors influencing.adoption of Quncho tef in Wayu
Tuqa district of Ethiopia. Results revealed that familylabor availability, participation of farmers
in agricultural trainings, education level of the “household@h€ad, livestock holding (TLU),
farmer’s ability of meeting family food consumption andiféquency of extension contact were
enhancing the decision to adopt Quncho tetfIn this study, age of household head, owning oxen
and distance from household residence toymarketieenter was found to influence adoption of

Quncho tef negatively.

Similarly, Berihun et al. (2014) examined the determinants of adoption of chemical fertilizer and
high yielding varieties /in,‘Southern Tigray Ethiopia by using Probit model. Sex of household
head, land ownership, use\irrigatioir,” access to credit, contact with extension worker and
participation in off farm @etivitics were found to be positively affecting the adoption of chemical
fertilizer, wherea$ plotdistance) distance to the nearest market and livestock holding affected the
adoption negatively. The adeption of high yielding varieties was positively affected by land
ownership, access to credit, use of irrigation and livestock holding where as it is negatively

affected by age of household head and distance to the nearest market.

As discussed above, the empirical evidence on the adoption and its determinant in Ethiopia
generally indicate that the adoption rate of agricultural technologies was relatively low with

considerable personal and spatial heterogeneities. They suggest that the rate and intensity of
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adoption of agricultural technologies is notably influenced by socioeconomic factors such as
livestock holding, farm size, active family member and so on and other organizational factors
such as access to credit, input and output market, agricultural extension services etc. Even
though there are many adoption studies throughout Ethiopia, there is a clear bias towards major
cereal crops or key cash crops within the geographic scope of the crops’ ideal agro-ecologies.
Unlike previous studies, this study focuses on estimating the determinants of adoption of legume
technologies on farmer’s income in Guraghe Zone of Ethiopia where legumes are not the
dominant crops. In addition, most of the studies above were in locations with entirely different

socioeconomic and biophysical features compared to Guraghe Zone'

In general, the above reviewed study shows that most of the'researchers focused on improved
seed and chemical fertilizers, improved seed varieties based on‘agte_climates it depends on these
variables positively and negatively significantly influeénce, -These researchers the study of
technology adoption more focus improve seed varietiesi& chemical fertilizers or improve seed
varieties and other technologies were separately useds Technologies mean dynamics to change
over times. The best of my special attention technology adoption as a full package means,
improve appropriate seed varieties, appropriate cherfijeal fertilizer application, row planting
based on spacing , integrated pest management (IPMy, proper agronomy management to be done
from site selection up to storing on4ime used onjeach household level, both agricultural practices
incorporate as packaging formd |but not“sepatately use . Those practices always to be done

appropriate time becausg onglof miss-the technologies component fails the new technologies.
2.77Conceptual Framework

The conceptual framework ofiadoption and impact of legumes technologies on the welfare of
farm households starts“witl/identification of the driving factors for adopting improved
agricultural technologies. These factors include external dynamics (environmental factor, for
example, like unfavorable weather condition, land degradation, erratic rainfall, and low fertility
status of land), demographic characteristics of the household (e.g. age, education level etc.) and
other social and institutional factors (availability of new information, availability of new

technology, availability of credit etc.).
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Then after, adoption of legume technologies is expected to have considerable economic
advantage in terms of increase in yield, increase in marketable surplus of farm households and

ultimately in reducing food security and poverty.
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CHAPTER THREE
RESEARCH METHODOLOGY
3.1. Description of the Study Area

Gurage Zone is one of the 15 administrative Zone including Hawassa city and 4 special woreda
in Southern Nations, Nationalities, and Peoples' Region (SNNPR) state in south- Western
Ethiopia situated at 810N 38°15E. It has 13 districts and two towns. Guraghe is bordered on the
Southeast by Hadiya and Yem special woreda, on the West, Nogth~and East by the Oromia
Region, and on the South east by Silt'e CSA (2009).

The altitude in Guraghe zone ranges from 1000 to 3600%m.a.s.l. The Zone has four agro-
ecological zones essentially based on altitude, namely gextreme highlands (above 3000 m.a.s.l),
highland (2300 to 3000m.a.s.l), midland (1800 to 2300¢m.a.s.l), and lowland (below 1800
m.a.s.l) covering 4.1%, 27.5%, 65.3%, and 3.1%pof the zoné/ respectively. The natures of
topography in the zone exhibit, broadly speaking, threei¢ategories: The mountainous highland
represented by the Guraghe mountain chaifl,)dividing the-zOne east to west, having an elevation
of 3600Mts. The plateau flat lands, thearea covered /by "Amora and Ambusa meda". The low
stretching area, the western fringefof the rift\valley and the Wabe Gibe valley having an
elevation of 1000Mts.The area receives amaverage annual rainfall of 700-1600mm and minimum
and maximum temperature of 7.5°C and 32°C, respectively GZFEDD, annually socio economic

report (2017).

Total area of Guragh&zéne is\about’5893 square kilometers accounting for 5.6 % of SNNPRG.
Only about 73.64/%.0f the\zone is arable land under crop production, whereas 11.85% is grazing
land, 11.74% covered with fer¢st, and the remaining 3.77% of the zone is under other land use
forms (GZANRDD, 2017). The districts in the Guraghe zone are known for their bimodal
rainfall pattern and hence highly suitable for agriculture. They have two distinct seasons; i.e,

Belg (from March to June) and Meher (from July to January).

According to GZFEDD report (2017) the zone has estimated total populations of about
1,724,324 out of which about 836,896 are male and 887,428 are female. Out of total population

of the zone, more than 93.76% is dependent on agriculture and 87.76% lives in rural areas. Major
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crops grown in the zone are wheat, maize, teff, barley, faba bean (Vicia faba), field pea (Pisum
sativum), chickpea, haricot bean, sorghum and Enset (Ensetumventricosum), Peper, coffee and

are also grown in the zone the location of map shows (Appendix 1.13) .
3.2 Sampling Techniques and Procedures

In this study, three stage sampling technique was employed. First, major legume producing
districts in Gurage zone based on legumes production potential and suitable agro ecologies for
legumes growers were identified with the help of as key informants to use in Gurage Zone
Agricultural and Natural Resource Development Departments throughinany tifiies experienced.
At this stage, three major legume producing districts were selécted purpesively. The districts
were Abeshge, Gumer and Sodo based on relative importanéeief.legumes in the crop production
system. Then, three kebeles were randomly selected dtem eachidistrict. Accordingly, Mida
Tedele, Bido Tedele, and Abiko Kebles were selected-from Abeshge district. Abesuja, Esen,
Dirbo and Sunen Kebeles were selected from Gaimier district. Similarly, Sewaty geda, Wudget
and Wacho kebeles were randomly selected from Sodeddistrict. Finally, out of total 9 kebles a
sample of 102 household headed legumes{technologies-adopter and 102 non adopter random
selected based on each kebele agriculttire development agent through past time recorded data
204 farm households in total 78, 88 4nd 38 sample households from Abeshge, Gumer and Sodo,
respectively- were selected proportionately agross kebeles based on their total households.
Ordinarily multi-stage sampling|is applied in big inquires extending to a considerable large
geographical area, say, thetntire-Gurage Zone. There are two advantages of this sampling design
viz., (a) It is easier to administer thas-most single stage designs mainly because of the fact that
sampling frame under ‘multi-stage sampling is developed in partial units. (b) A large number of
units can be sampledifer-aigiven.cost under multistage sampling because of sequential clustering,
whereas this is not possible iymost of the simple designs. This sample size represent in the target
populations, Research methodology methods and techniques C.R.KOTHARI (1990). Table3.1

shows the distribution of the sample households across the three Kebeles in each of the districts.
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Table.3.1 Sample distribution

District Kebele Number  Adopter Non Number of sample  Total (%)
of adopter  household
household
Sodo 19 19 38 18.63
Sewaty geda 311 5 6 11 5.392

Wudget 366 6 6

1

Wacho 451 8 7 ? 7.353

Abeshge 39 3 Q 38.24

Mida tedele 1160 20 G Yy 19.61

Bido tedele 810 14 x 28 13.73
Abiko 300 N
& 44

5.882

Gumer 88 43.13

Abesuja 15 29 14.21

Esen 21 20 41 20.1

Dirbo & 34 9 9 18 8.82
102 102 204 100
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3.3 Types and method of data collection

Both qualitative and quantitative types of data were collected from primary and secondary
sources. The study was started with a series of short visits to the study sites for rapport
development with the key actors in the legumes development continuum. Then a reconnaissance
survey was conducted with a brief checklist to identify and document the key socioeconomic and
biophysical features of the study area and major challenges and opportunities of improved
legume production and marketing. The visits and the preliminary surveys were used, among

others, to develop the instrument for the formal survey of the study.

The primary data were obtained by the use of semi-structured g@estionnairesyby interviews with
the farm households. The adoption and impact survey wasyearried out from first week of
December to January 30 of 2018. The data were colleéted by entunerators (Agricultural staff
experts and development agents under supervision of ‘thedesearcher. In order to facilitate data
collection, the enumerators were trained regardingythe objectives of the study, content of the

questionnaire, and data collection procedure.

Data were collected on several issues includimg households’ demographic characteristics, asset
endowments, importance of legumes, access.and adoption of legume technologies, household
income and its source, access to ‘matrket, access to credit and membership in different rural

institutions.
3.4 Pre-Testing (Validity and reliability)

To ensure validity andieeliability of the research instrument, the researcher will ensure that the
Questions that arg asked‘are in eonformity with the research objectives of the study and a pilot
test of the research instrument'will be conducted and a calculation using office Microsoft excel

will be computed for question reliability and validity assessment
3.5 Method of Data Analysis

The data collected was analyzed using both descriptive statistics and econometric model.

Descriptive statistics includes mean, standard deviation (SD), frequency, percentage, graph and
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tabular representation, which has been mostly used to examine the socio economic and farming

characteristics of households.
3.6 Econometric model

The legumes technology adoption being used, a farmer’s was taken as an adopter if he or she
sows certified improved seed use, chemical fertilizer application, IPM and row planting; either
independently or both with their indigenous seeds and manure. The dependent variable,
technology adoption, has the value of 1 for adopters and O for non-adopters. In this regard an
econometric model employed while examining probability of farmyhousehdlds’ agricultural
technology adoption decision was the logit model. Often, logitffedel isiimperative when an
individual is to choose one from two alternative choices, ifi‘this_case, either to adopt or not to
adopt. Hence, an individual i makes a decision to adept legumes.téchnologies if the utility
associated with that adoption choice (V;) is higher than'theditilitypassociated with decision not to
adopt (Voi). Hence, in this model there is a latefibor unobseryable variable that takes all the
values in (-o0, +o0). According to Alexander Spermanni(2009) these two different alternatives
and respective utilities can be quantified agé X5* = Vi =-Vgand the econometric specification of

the model is given in its latent as:

We start by deriving the odds ratio“impa.way that makes explicit the relationship between the
estimated logit parameters fand(the error tefm’ £;: - Suppose that a continuous latent variable y;"
can be modeled as a lingar fdnetiomef K explanatory variables (covariates), xy; , for k=1,....k for

individuals i= 1...N. Theequation for yi* can be written as

*
Vi :ﬁo+ﬂ1X1i+ﬁ2)C2+ ...... + ﬁkixi‘i‘ &; 1

If we allow the explanatory’¥ariables, including the constant term, to be represented by the

vector xi,, then equation 1 can be represented in matrix notation as
Vi :xiﬁ + & 2

However, the researcher observes only the explanatory variables and a binary (0, 1) variable y;

which indicates whether yi* exceeds the threshold of zero
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1if,y; >0
Vi {0 otherwise

To make statements about the probability that y; =1 (or equivalently, y; >0 we need to
express the probability in terms of on error term with a known distribution. Substituting x; £ +
g; for y; allow us to write the probability that y; > 0 in terms of the probability that the error

term takes on a range of values

X

* 0 0 ;
Pryi > ) =pr(xf +& > 1) =prix > -2 :

If the error term has term has mean zero and is symmetric (whi standard logstic

and standard normal distributions) then

1 «_ 0 ;
pr(y; = x—i) =pr(y; > x—i) =pr(g < %)

logistic.

T

7 the cumulative distribution function for

For the logit model, 1ation of S =

logit model is

1
logisic,x;

1

) =pr( <x2)

4 1+exp (—xlf g)

pr(y; =

This derivation explicitly shows the important role of ¢ in making any statements about

probabilities.
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Many researchers prefer to estimate logit rather than probit models because of the odds ratio
interpretation of the logit coefficients. The odds for individual i are expressed as the ratio of the
probability p;to 1— p; where p; = Pr(y; = 1|logistic, x;).

—_Pi _ B
odds = o= &P (x; U) 7

The odds ratio is the ratio of the odds in equation 7 for two different values of an explanatory
variable. This is easiest to derive for a binary variable. Let legumes technologies adoptionl;
t the odds if

the indicator for adoption status and fadopter be the correspo

individual iwas a adopter (legumes technologies adoptionl; =1 if individual i

was a non adopter (legumes technologies adoption 1; %
0dds for adopter = exp (30+Badopter1i+,32x2+"'3kxki) C\ ]

N 9

g

Bo+B2x2i+ - +BrXki
ag

odds for non adopter = exp (

Therefore, the odds ratio is the ratio of the

Coefficient.

odds for adopter

odds ratio =
odds for non ado

X' is vectors of exogen
age of household hea sehold head, education, membership to an agricultural
association, access to Therefore, on the basis of dependent variables indicated:
legumes technologie git model was applied independently for each binary dependent
variable;

Given below

Y=a+ Bix)+ Paxs+ Lsxs + Laxs + fsxs + Lexet Prx7 + PsxstLoxo + Lioxio+ Lrixi +

Where Y, is the dependent variable that is measures the level of adoption legumes
technologies.

X;- Access to credit
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X,- Extension Agents’ Contact

X3- Technology access (access to improved seed/DAP fertilizer)

X4-Market access of product

Xs-Tropical Livestock Unit

Xe- Education level

X7- Membership to an Association

Xg -Gender of household head

Xy . Land Size for cultivation purpose of household headed

X10- Plot size for legumes crop for cultivation purpose of household headed
X1 Off-Farm Participation

a-The constant term (intercept)

Bi- regression parameter for the it explanatory vaftiables which indicates the slope of the

predictor variable u;= the error term of the model.
3.6.1. Propensity Score Matching Method (PSM)for impaet’analysis

Impacts are discreet (usually binary) variables. Treatments’are heterogeneous in the population
(Heckamn et al., 1997. Robin 1997),4developedya _framework that each household has two
potential outcomes; an outcome when adoptiig technology (y;) and not adopting technology
(o). If we let the adoption status/d, d=Iior_adoption of technology and d=0, for not adoption,
then it is possible to write the observed outcome y of the household performance as a function of

the two potential outcomesas

Y=dy; + (1= d)yo Qe Neeeeeid Lo, (1)

The causal effect of*theyadoption on its observed outcome y is the difference between the two
outcomes (yi-yo). But because of the realization, the potential outcomes are mutually exclusive
that is only one of the two outcomes has been observed at a time (Nguezet et.al, 2011). It is also
impossible to measure the individual effects of adoption in any household. However, it can be
possible to estimate the mean effect of adoption on a population household. Such mean

parameter is called average treatment effect (ATE) (Imben and Wooldridge, 2009).

_1¢g1  Di—(p&xiyi
ATE—n =1 S (Lp(al) (2)



Where n is the sample size, n1=) di, is the number of treated variable i.e. the number of seed
fertilizer technology adopting farmers and p(xi) is a constant estimate of propensity score
evaluated at x. It is possible to employee logit specification to estimate the propensity score.
Propensity score matching pursues a targeted evaluation of whether adopting a modern seed -
fertilizer technology causes farmers to improve their performance. There will be problem of
avert and hidden biases and deal with the problem of noncompliance or indigenous treatment
variable. In order to remove such biases Robin (1974) introduces ignorablity (conditional)
assumption which postulates, the existence of a set of covariate x, which controlled for renders
the treatment outcomes (y; and yp). The estimation using theyconditional independent
assumption) or they are based on a two stage estimation procedure;-conditignal probability of

treatment called propensity score. From this we can develop two intertelated stages:

Estimating the propensity score- The first step in PSM method 1S to estimate the propensity
scores by using logit models. Caliendo and Kopeinig (2008) noted that the logit model which has
more density mass in the bounds could be used topestimate”propensity scores, P(x) using a
composite characteristics of the sample households and mateching will then be performed using
propensity scores, p-score, of each obseryationyMatching élgorism will be selected based on the
data to be collected after undertaking matehing quality test. Overlapping condition or common
support condition will be identified;"€stimatingjthe average treatment effects of both outcomes
(ATE1 and ATEO) after estimation of thejpiopensity scores, seeking an appropriate matching

estimator is the major tagk.

There are various matching,estimatorss which include the nearest neighbor matching, caliper and
radius matching, stratificationtand interval matching, kernel and local linear matching (Caliendo
and Kopeinig, 2008)rEhe\treatiient effects will be estimated based on matching estimators
selected on the common supp6rt region (owusu and Awudu, 2009).The average treatment effects
can be estimated using the inverse propensity weighing estimates as stated in [IPSW (Nguezet,,
2011) using matching techniques of Kernel Matching (KM), Nearest Neighbor Matching
(NNM) and Radius Caliper Matching (RCM).
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3.6.1.1. Nearest Neighbor Matching
Caliendo and Kopeinig (2008) said that NN matching is the most straightforward and frequently

used matching estimator in PSM. The individual from the control group is chosen as a matching
partner for a treated individual with the least distance in terms of propensity score (Becker and
Ichino, 2002). Several variants of nearest neighbor matching are proposed, e.g. NN matching
‘with replacement’ and ‘without replacement’. In the former case, an untreated individual can be
used more than once as a match, whereas in the latter case it is considered only once. Matching
with replacement involves a trade-off between bias and variance. If we allow replacement, the
average quality of matching will increase and the bias will decrease whiléyimcreasing the
variance. This is of particular interest with data where the propensity-scoreadistribution is very
different in the treatment and the control group. A problemfwhich is related to nearest neighbor
matching without replacement is that estimates dependgom\the ordec it/ which observations get
matched. Hence, when using this approach, it should be-ensuired that ordering is randomly done.
It is also suggested to use more than one nearest néighbor matching. Reduced variance will result
from using more information to construct the counterfagtual for each participant, with increased

bias that results from on average poorer mat€hes (Caliende!dnd Kopeinig, 2008).
3.6.1.2. Caliper Matching:

To avoid the problems of bad matches resulted ftOm the Nearest Neighbor matching; economists
impose a tolerance level on the maximum propensity score distance (caliper). Imposing a caliper
works in the same direction as:allowing for replacement. Bad matches are avoided and hence the
matching quality rises. However,“if fewer matches can be performed, the variance of the
estimates increases. Applyingicaliper matching means that an individual from the comparison
group is choserl as“agmatching partner for a treated individual that lies within the caliper

(‘propensity range’) and is cldsest in terms of propensity score (Caliendo and Kopeinig, 2008).

Dehejia and Wahba (2002) suggest a variant of caliper matching which is called radius
matching. The basic idea of this variant is to use not only the nearest neighbor and limit itself
within each caliper but all of the comparison members or observations within the caliper. The

benefit of this approach is that it uses only as many comparison units as available within the
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caliper and therefore allows for usage of extra (fewer) units when good matches are (not)

available.

3.6.1.3.Kernel Matching

With Kernel matching, all treated groups are matched with a weighted average of all control
groups with weights that are inversely proportional to the distance between the propensity scores
of treated and control (Becker and Ichino, 2002). But the matching algorithms discussed so far
have in common that only a few observations from the comparison group are used to construct
the counterfactual outcome of a treated individual. Kernel matehing is .a—non-parametric
matching estimator use weighted averages of all individuals in the-eontroligroup/to construct the
counterfactual outcome. Thus, one major advantage of this apptfoach 1§ the l6xer variance which
is achieved because more information is used. Caliendo and Kopeinig (2008) concluded that like
other matching algorithms, Kernel matching has alsé/its owmpdrawbacks that arise from the
nature of the matching algorithm. The major drawbaek”of thig /method is the possibility of
inclusion of observations with a very low and high propensity scores and may give bad matches.
Hence, the proper imposition of the commonssupport condition is of major importance for Kernel
matching. To apply Kernel matching ong hast@choose the bandwidth parameter. The choice of
the bandwidth parameter is quite pertinent With the foMowing trade-off arising: High bandwidth-
values yield a smoother estimated “density fumnction, therefore leading to a better fit and a
decreasing variance between thé estimated afid’the true underlying density function. On the other
hand, underlying features may bepsinoothed away by a large bandwidth leading to a biased
estimate. The bandwidthychoicelis.a compromise between a small variance and an unbiased

estimate of the true demsity function and it may not be a predetermined issue (Habtamu, 2010).

The question remamsion how and which method to select. Clearly there is no single answer to
this question, Bryson et al. (2002) stated the choice of a given matching estimator depending on
the nature of the available dataset that is it depends on the data in question, and in a particular on
the degree of overlap between the treatment and comparison groups in terms of propensity score.
It should be clear that there is no ‘winner’ for all situations and that the choice of a matching
estimator crucially depends on the situation at hand. When there is a substantial overlap in
distribution of propensity score between the comparison and treatment groups, most of the

matching algorithms will yield similar results (Dehejia and Wahba, 2002).
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Dehejia and Wahba (2002) also stated that a matching estimator which balances all explanatory
variables (i.e., results in insignificant mean differences between the two groups), a model which
bears a low pseudo R® value and results in large matched sample size is a preferable
matching algorism. So, for this study among matching algorithms, kernel matching with
bandwidth of 0.1 was found to be the best matching estimator for the data at hand and based on

matching quality criteria.

Treatment effect on the treated: To estimate the effect of technology adoption to a given

outcome (Annual income per household), is specified as:
TATT =Y; (Di=1)-Yi (Di=0) ...................................... 4

Where 1; is treatment effect (effect due to adopting farm imputs);2¥iis the/ outcome on household
1, D; is whether household 1 has got the treatment or n@t/(i.e.,awhether @ household using farming
technology or not). However, one should notice that Y1(di=1) and/Yi (di=0) cannot be observed
for the same household at the same time. Dependingyon the position of the household in the
treatment either Yi (di=1) or Y1 (di=0) is unobserved outcome (counterfactual outcome). Due to
this fact, estimating individual treatmenteffect zpis not péssible and one has to shift to estimate
the average treatment effects of the populatien.than'thé individual one. Two treatment effects are
most frequently estimated in empiticalystudies (Dillon, 2008). The first one is the (population)
Average Treatment Effect (ATE), which 1s'simply the difference of the expected outcomes after

using a technology or nadf:
AY ate=E (AY) =E (Y4)-E'(X0) ... o0/, 5

This measure answers théyquestion what would be the effect if households in the population were
randomly assigned to treatmént. But this estimate might not be of importance to policy makers
because it includes the effect for which the intervention was never intended (Dillon, 2008).
Therefore, the most important evaluation parameter is the so called Average Treatment Effect on
the Treated (ATT), which concentrates solely on the effects on those for whom the interventions
are actually introduced. In the sense that this parameter focuses directly on those households who
participated, it determines the realized impact of improved farm input usage and helping to

decide whether participation on technology is successful or not. It is given by:
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T ATT ™ E (T/D=1)=E(Y1/D=1)-E(Y0/D=l) .............................. 6

This answers the equation, how much did households using farming technology benefit
compared to what they would have experienced without using. Data on E (Y/d=1) are available
from technology users. An evaluator’s classic problem is to find E (Yo/d=1). So the difference
between E (Y/d=1) - E (Y¢/d=1) cannot be observed for the same household. Due to this
problem, one has to choose a proper substitute for it in order to estimate ATT. The possible
solution for this is to use the mean outcome of the comparison individuals, E (Y¢/d=0), as a
substitute to the counterfactual mean for those being treated, E (¥o/d=1) after correcting the
difference between treated and untreated households arising from seleetion/effect. Thus, by
rearranging, and subtracting E (Y¢/d=0) from both sides 4/6f equatien (6); one can get the

following specification for ATT.
E (Y/D=1)-E (Y¢/D=0) = TATT+ E (YO/D=0)........ il 000 . 7

Both terms in the left hand side are observables andyATT ‘ean be identified, if and only if E
(Y0/d=1)-E (Y0/d=0) =0. i.e., when there is 0 self—selectipn bias. This condition can be ensured
only in social experiments where treatments arelassigned fo units randomly i.e., when there is no
self-selection bias (Caliendo and Kopeinig, 2008; Dillon, 2008). In non-experimental studies one
has to introduce some identifying dssumptions tg solve the selection problem. The following are

two assumptions to solve the selection problem.
Assumptions:

Assumptionl: Conditional-Independence (un confoundedness): There is a set X of covariates,
observable to thé wesearcher, such that after controlling for these covariates, the potential

outcomes are independent'ofthie treatment status
(Y1, Yo)LD/X

The potential outcomes are independent of the treatment status, given X. Or, in other words after
controlling for X, the treatment assignment is “as good as random.” This property is also known
as unconfoundedness or selection on observables. The CIA is crucial for correctly identifying the

impact of participation, since it ensures that, although treated and untreated groups differ, these
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differences may be accounted for in order to reduce the selection bias. This allows the untreated

units to be used to construct a counterfactual for the treatment group (Heinrich et al., 2010).

Assumption 2: Common support (Overlap): This assumption rules out perfect predictability of

d given X. That is
O<P (D=1/X) <1 o e, 8

This equation implies that the probability of receiving treatment for each value of X lies between
0 and 1. By the rules of probability, this means that the probability gfinot receiving treatment lies
between the same values. Then, a simple way of interpreting this-formmulais thé following: the
proportion of treated and untreated individuals must be greatet than zero, for ‘every possible value
of X (Caliendo and Kopeinig, 2008; Heinrich et al., 2010). “The-second requirement is also
known as overlap condition, because it ensures ghat there is)sfficient overlap in the
characteristics of the treated and untreated units| to“find”adequate matches (or a common
support). When these two assumptions are satisfiedjythe tréatment assignment is said to be
strongly ignorable (Rosenbaum and Rubin, 4983). Given th¢ above two assumptions, the PSM

estimator of ATT can be written as:
TaTT=E (y1-yo/D=0,P(X))=E(y1/D=4P(X))-E(yoR=0.P(X))

Where P(X) is the propensity scote computed-on the covariates X. Equation is explained as; the
PSM estimator is the meaf differéficesiir/outcomes over the common support, appropriately

weighted by the propensity score'distribution of participants.

Estimation of standaxd “efror:Testing the statistical significance of treatment effects and
computing their standaf@perrors is not a straightforward thing to do. The problem is that the
estimated variance of the treatment effect should also include the variance due to the estimation
of the propensity score, the imputation of the common support, and possibly also the order in
which treated individuals are matched. These estimation steps add variation beyond the normal
sampling variation (Heckman et al., 1998). For example, in the case of NN matching with one

nearest neighbor, treating the matched observations as given understate the standard errors.
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Bootstrapping: this method is a popular way to estimate standard errors in case analytical
estimates are biased or unavailable (Caliendo and Kopeinig, 2008). Each bootstrap draw includes
the re-estimation of the results, including the first steps of the estimation (propensity score,
common support). Bootstrap standard errors attempted to incorporate all sources of error that
could influence the estimates. Because analytical standard errors are not computable for the
Kernel density matching methods, Bernard et al., (2007) have used 100 bootstrap replications
to compute robust estimates for standard errors of the outcome indicator. Thus, the bootstrapped

standard error must be reported on the ATT.

3.7. Description of Variables and their expected 2&7

3.7.1. Dependent variables \

Table.3.2. Definition of dependent variables C \
/

R. Dependent variables Symb ype \_/ Measurement
No \

1 Level of technology adop &FVA Dummy 1 if adopting and O

(improved seed variety,4chemical otherwise

fertilizer, row

pesticide used)

Outcome variables

2 Annual Income Level AIL Continuous Birr

3 Income from legumes Crop IFLC Continuous Birr




The main variables that intended to be measured in this study were level of technology adoption
and income change entertained from technology adoption. Level of technology adoption is the
rate at which the intended package of technology implemented by farmers'. It tells us to what
degree the adoption rate could vary by a unit change of various impacts. Participating in
technology adoption is a dependent variable in impact analysis using PSM with outcome

variables of income of households.
3.7.2. Explanatory Variables

The objectives of this study were to relate technology adoption with farmers'fificome and how
the level of technology adoption is influenced by various impacts¥The definition of variables and

the respective hypothesized effect on adoption presented as follows:

Access to credit (CREDIT): most literature defined coedit, aceess as the supply side
phenomenon of the credit market because mostly it\is the'lefider syho decides whether to access
or not the credit (Okurut and Schoobe, 2007). This happensiin-area where there is limitation in
accessing the credit service due to fewness @f crediting agents. Economists usually view lack of
credit as an indication of market failuge. Improving crédit access often regarded as the key
element for increasing agricultural productivity and’Has been an effective strategy to increase
smallholder productivity and alleviate poverty (Adugna and Heidhues, 2000). It enables to relax
the liquidity constraints that spdallholder fagmers’ face to improve their risk bearing capability,
influencing adoption of) hew \techmelogy.-€redit access can have positive influence on level of
adoption. In this study’credit refers-to the availability of loan to afford technological packages
under consideration. dMany ‘adoption/studies considered credit availability with respect to the
presence or not thé credit service;/However, farmers are sensitive to the cost of money, delivery
the credit and returns of‘investment. Credit access was expected to influence level of adoption

positively.

Access to technology (TECH_ACC): getting improved agricultural technologies close to the
farm or near by the farmers' village, particularly improved seed, and chemical fertilizer is the key
constraint that affect farmers' desire to adopt (Solomon et al., 2011). This is mainly due to
imperfections in local input markets and lack of availability of the inputs in the desired quality,

quantity, and time. There is a considerable shortage of improved seed in Ethiopia. Despite good
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reasons to invest in this market, private sector investments are not observed to the expected level
(Hussmann, 2015). Accessibility in this context is the presence of the intended technology in the
vicinity of the farmers and the farmers able to avail same at the required time without resourcing
visible cost for mobilization and transportation. Accessibility supposed to have positive impact

on level of technology adoption.

Development agent advice (EXTEN): Advice of development agent refers the involvement of
agricultural experts in developing the general cognitive ability of farmers via training, experience
sharing and practical help. Thus, any assistance that emanate fromddevelopment agents for the
proper implementation of the intended technology considered as development dgent advice in
this study. Farmers' Knowledge included the general coghitive “ability jtHat obtained from
training, formal education and experience that expected to, generate-from development experts. If
farmer get knowledge or help that enable him to put the technology into operation, we can say

DA advice is there (Berihun, 2014).

Education level (EDUC): the accruement of knowledgeéyvia formal education is supposed to be
important factor in a way that education would have the-capacity to adopt the technology in a
proper way and can assure the end targét expectéd from the technology. As a result, education
presumed as an important explanatory-factor mhouse¢hold decision-making towards favoring the
adoption process. Education levgl of heusehold can be captured scale wise which ranges from

illiterate to high school and above \grade of accomplishment (Bihon, 2015).

Output market acceSS{UMKT ACC): Getting secured market for improved product at
acceptable price couldybe-a riddled issue in the marketing front. There is significant limitation in
terms of value additien of legume crops in Ethiopia where exporting may be difficult in raw form
of the legume crops. Onithe consumer side, taking legume products cultivated via improved
technology sometimes being perceived as losing of organic nature (own case study). Farmers
sometime, are reluctant to invest time and money in crops which have no guaranteed market. So
far the atomized structure of small producers did not organize common efforts to open new
marketing channels. As a result, accessing appropriate market can be considered one of the

factors for technology dissemination process. The inaccessibility of market for legume products

42



is proposed to affect the adoption of seed and fertilizer technology adversely. The presence or

absence of output market can be captured as dummy (Zenaye, 2016).

Membership in farmers’ cooperative (ASSOCI): it is a dummy variable referring to whether a
household member is an active member of farmers’ cooperatives or not and is expected to
influence the adoption of improved food legume technologies positively. The positive
association is expected because the farmers’ cooperatives are expected to provide members with

necessary input and help farmers access more rewarding markets (Kassie et al., 2014).

Farm size in hectare (LANDSZ): it is a continuous variable thatiindicatesfithe size of land
owned by the farm household. Farmers with larger land sizegs6anatford the’ €xpenses on new
agricultural technologies and can bear the risk in case of failure-of crop\production. This means
that farmers who have relatively larger farm size will\\be moreyinitiated to adopt legume

technologies and the reverse is true for farmers with less-land (Kibront, 2014).

Household head participation in off farm activities (OFFFARM): this is dummy variable that
shows whether the household head participates in off-fatmy activities or not. It is expected to
affect the adoption positively as participating‘in off-farm'activities can solve liquidity problem
(Berihun et al., 2014). However, the positiverole of off farm activities may not hold true in all
cases of deciding to adopt agricultural technologies. Where the production crop is labor

intensive, it adversely affects th€ adoption byataking away the labor from farming.

Livestock holding (TLU): thisivariable i/ measured in terms of Tropical Livestock Units (TLU)
(Storck et al., 1999) and 18,hypothesized that as ownership of livestock increases, adoption of

legume technologigs inereases (Debelo, 2015).

Gender of household head (GEN): It is a dummy variable 1 if gender of the household head is
male and 0 otherwise. Male-headed households would have better opportunity to adopt legumes
technologies since they are exposed to new information and tend to be risk takers (Adebiyi and
Okunlola, 2013). In such instances, negative sign was hypothesized while adopting chemical
fertilizer due to their reluctant behavior and higher probability of adopting manure as a proxy for

chemical fertilizer; whereas positive coefficient was expected for legumes technologies adoption.
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Plot size of legumes crop for cultivated purpose (PLTSZL): it is a continuous variable that
indicates the plot size of allocated for legume crop cultivated purpose the farm household.
Farmers with smaller plot size allocation for legumes crop can be not conducted on new
agricultural technologies. This means that farmers who have relatively smaller plot size
allocation for legumes will be not initiated to adopt legume technologies and the reverse is true

for farmers with larger plot size allocation (Kibrom, 2014).

Table.3.3. Independent variables

R.  Independent Variables Symbol Type

No

1 Gender of household head GEN Dummy “gender for male and 0

2 Education EDUC Continuous

3 Farm Size LANDSZ Continuo

4 Plot Size on legumes PLTSZL Continuous

5 Distance main Market access MKT ACC 1 if a household head the market access
for out put to get travel near from the residential area,

0 otherwise
6 Off-Farm Participation OFF Du + lif a household head participates in off-

9 Membership to 1 Dummy + 1 if a household will be a member of a
certain farmers’ cooperatives association
and 0 otherwise.

farm activities and 0 otherwise.
7 Access to Credit C Dummy + 1 if household will be get credit access
and 0 otherwise.
8 Extension Agents’ Contact E Dummy + 1 if households with extension services by
development agents and 0 otherwise.
T

X
C
10 Tropical Livestock Unit LU Continuous + Countable number

11 Access to technologies TECH_ACS Dummy + 1 if technology distributors organizations/
institutions and 0 otherwise
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3.7 Reliability and Validity

Cronbach’s alpha reliability coefficient normally ranges between 0 and 1. However, there is
actually no lower limit to the coefficient. The closer Cronbach’s alpha coefficient is to 1.0 the

greater the internal consistency of the items in the scale.

Based upon the formula = rk /[1 + (k — 1)r]

Where k the number of items is considered and r is the mean of the inter-item correlations the

coefficient and a reliability coefficient.

&
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CHAPTER FOUR
RESULT AND DISCUSSIONS

The result of descriptive statistics and econometric model results and discussions are presented
in this chapter in two sections. In the first section descriptive statistical results and main survey
observation of household are presented and explained. In the second section, econometric model

results for haricot bean chick pea faba bean and grains are presented and explained.

4.1. Descriptive Statistic Results
4.1.1. Demographic characteristic of farm households V
The survey was conducted in three woredas of Gurage % e ,Gumer and Sodo

¢ to have an insight about

woredas. Prior to conducting the formal survey, case

linkage of the community with the intended research Qbj : demographic information of
the sample household with respect to adopter on- s is summarized in the table
below.

&
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Table.4.1. Demographic characteristics of sampled farmer

Character Total Sample Adopters of Non-adopter of t-value
technology(improve Technology (improve
seed fertilizer row seed fertilizer row
planting  inoculants planting inoculants

&chemicals) &chemicals)

Mean st.dv Mean st.dv t-value

Age 37.25 6.681 35.392 6.842 4.1259
Family size 5.647 1.751 5.411 1.951 1.931
Farming Experience 16.015 6.538 14.04 6.865 4.492
Off farm .098 298 .156 195 7.982
Source: Own computation from survey data

The average age of the sample ho with a standard deviation of 6.681. The
average ages of the adopter of legume were 35.392 years and while the non-adopters
have a mean age of 39.11 le in the respectively. If the farmers a year of age

nologies adoption increases. This result is consistent

with Kibrom (2014).

In terms of the nu ember, a household has an average of 5.88 family members.

There was no signi nce between adopters and non-adopters in terms of household

family size.
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4.1.2 Education status of sample farm households

Table 4.2. Education levels of sampled household

Education Level Total Sample Adopters of Non-adopter of
technology(improve seed Technology (improve seed
fertilizer row planting fertilizer row planting
inoculants &chemicals) inoculants &chemicals)

Number % Number % Number %

Illiterate 20 9.8 5 20 15 75

Traditional/Religious 28 13.7 5 17.9 23 82.1

Elementary (1-6) 76 323 37 46.7 89 51.3

Junior level (7-8) 48 23.5 31 64.6 17 354

High school(grade9-10) 32 15.7 24 75 8 25

Source: Own computation from survey data (2019)

The educational background of the sampl€ household_shows that 20 (9.8%) household heads
were not formally or informally gettingsthe.education €xcept that of the experience derived from
farming activity out of the enumerated houscholds;”13.7 % were getting traditional education
(mostly religious education) but snot enrelleéd.in formal education. Comparing the education level
between the adopters and non adopters, 20% of the adopters were illiterate while the percentage
grown to 75 % for non-adopters.| Implicdtion if the farmers more perform educational back
ground increases the legume techmelogies adoption increases. This result is consistent with
Zenaye (2016).
4.1.3 Farmingsystem and characteristics
4.1.3.1 Land use pattern

The overall average farm size was 1.982 hectares per sample household, of which 0.591 ha is
allocated for legumes crop cultivation purpose is (29.8%). Cereal crops take the largest portion
of land in the cropping scheme in which 50.8% of the total landholding has been given for it.
Leguminous crops are the second crop which takes the next largest proportion of land where
chick pea was cultivated on 0.5ha (25 %) of land while 0.492ha (24.8%) was allocated for
haricot bean production field pea & faba bean were .308 (15.5%) & .285 (14.4%) hectares
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production of land respectively of the household technology adoption status in the production

s€ason.

Table.4.3. Land use pattern of household

Farm size on
average in

legumes crops

Landholding

Land for

haricot bean

Land for faba

bean

Land for chick

pea

Land for field

pea

Land for other

crop

Total Sample Adopters of Non-adopter of Technology t-value
technology(improve (improve seed fertilizer row
seed fertilizer row planting inoculants
planting inoculants &chemicals
&chemicals) \
Mean Stdv N Mean Stdv N Mean St. / N
1.928 936 204 2205 1.122 102 590 102 4.403
492 215 78 .59 236 \ 132 39 4.544
285 123 126 338 11 .109 63 5.277
500 210 410 131 39 4.1658
306 .143 48 222 .109 49 7.2400
1.399 8 1.067 102 1.219 .542 102 3.0263

Source: Own comp

Survey data (2019)
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4.1.3.2 Cropping system

Though there are various crops growing in the area, cereal (mainly wheat, maize, barely & teff)
spice (red peper) dominate the farming activity. There are two main cropping seasons; one is the
main Meher (June to September) season the other Belg (March-April) season. In these two
cropping seasons, the farmers are engaged in cultivation activity such as land preparation,
planting, weeding and field management, cultivation and finally harvesting.

Farmers use oxen for draft power for cultivation of crops in the area. However, sometimes rented
tractors and combine harvesters from nearby seed enterprises are used based on the urgency of the
need to perform farming activity. Most of the time tractors and cOombine harvesters are used in
case of cereal crops while cultivation of legume crops is done usingdraft powet

More than 99% of chick pea, haricot bean and faba beanfpreducer farmers used draft power
(oxen) to plough the land. Considering the planting season, 100% of legumes crops produced
farmers say chick pea haricot bean & faba bean in sedsongThepwhole chickpea production was
made in meher season using residual moisture singé chick-pea neéds comparatively less moisture.
Row planting and broadcasting methods are used “impchick” pea, haricot bean & faba bean
production. Row planting methods used of adopter for.chick pea, haricot bean & faba bean were
24.2%, 24.2% & 40.8% respectively while the'nien. adopter have a percentage of 1.3%, 6.4% &
3.1% for chick pea, haricot bean &gfiaba beanrow/planting methods used in respectively. Both
haricot bean and faba bean farms need'weeding of at least two times in adopter a planting season
while the whole chick pea somciharicot bean & faba bean farms need weeding of at least once a
times in non adopter a planting scasoniiGenerally, the legume agronomy summarized in the table

below;
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Table .4.4 agronomic activities of legume production

Agronomy Total Adopter Non adopter
activity sample

Num % Numb % Numb % Numbe % Num % Num % Numb %

ber er of er of r of ber of ber er of
of respon respon respon respo of respon
respo dents dents dents ndent respo dents
ndent s ndent

s s

Tracto 1 0.4 1

N/

S

89 31.6 71

\ N/
Broad 124 4.1 - - Z -
cast

T

102 363 W\

234 S8 46.

Two - 38
&

More

Y
Source: own computation from survey data result (2019)

While considering the cropping system of the farmers in the study area, the three Woredas have
difference with respect to legume production. Abeshge is known in haricot bean, chick pea and
lentil farming while Sodo & Gumer are mostly known in faba bean and field pea production. Out
of the average cultivable land of 1.928 ha, about 45% (0.870ha) was allocated for wheat

production. As mentioned above, more land is allocated for cereal production like wheat, maize
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barley, and teff.

Table.4.5. Plot size production of major crop

Major crop Pletisize of major crops on averagéDev

Wheat 0.870 0.791

Maize 0.788 0.552

Barely 0.641

Chick pea 0.500

Haricot bean 0.492

Teff 0.457 .

Red pepper 0.422 \7

Field pea 0.307 0.142

Faba bean 0. 0.121

Sorghum 0.326
A 4

Source: Own computatio m s ata (2019)
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4.1.4 Adoption of technologies in legume farming

4.1.4.1 Input supplying parties

There are various parties involved in distribution of farm inputs; improved seed, fertilizer,
inoculants and chemicals of pesticides and herbicides. These technologies are distributed since
long with various extents which vary along with the time and the advancement of the technology.
The distribution channel; sometimes differ with respect to the technology. Development and
multiplication of seed technology mostly performed domestically by research organization while
other farm inputs like fertilizer and chemicals are imported from the international market.
Improved Seed development in case of leguminous crops (pulses) is under takefiby the Ethiopian
Agricultural Research Institute, Ethiopian Seed Enterprise, andsSNNR Secd Efterprise. These are
the main sources in seed distribution for the SNNP SeédEnterprise |in general. In case of
fertilizer, regional government imported fertilizer and distribute to‘the farmers along with chain of
the organization. Pesticides and herbicides chemicals are distributed both though governmental
organization and private traders. Out of the household considéred in this study 46 % of the
households were preferred governmental organizationlike-agficulture office at different level to
distribute farming inputs. Input distributienythrough ceeperatives and union takes the second
ranked in farmer input distribution. Thefe are public.cooperative and union which are working to
distribute farmer inputs. Adimas udion, Walta. & "Edget input distribution and mechanization

service is one of the unions working in the,area.
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Table.4.6. Households’ preference of institution for input delivery

Input delivery institution Number of sample house Percentage (%)
households

Government  organization 198 46

(Agricultural office,

Development agent ...)

Cooperatives & unions 178 418
Research institution 20 20
Traders 11 2.6
Community association(Idir 2 0.4
& Equb)

Development partners 22 3.1
(NGO)

Source: Own computation fromgurvey data-(2019)

4.14:2, Trait preference of farmers

Taking traits like level of yield; eelor, taste, drought resistance, maturity, disease resistance and
storability as compariSemn parameters,farmers preferred improved variety than local varieties in all
comparison paranieter-exeept taste of the crops. About 58.3 % of the farmers have been preferred
improved legume variety as the yield level is quite higher compared to improved variety. Farming
households preferred local varieties for its favorable taste. Out of the considered traits, color is not
as such mattering where the households’ shows almost equivalent preference for local and
improved varieties of chick pea, haricot bean, field pea and faba bean varieties. Farmers’ response
regarding taste and drought resistance, 31.8% and 22.5% of the sample households preferred
improved seed to local verities. Table 11 further shows the farmers varietal preference towards

the various traits of chick pea, haricot bean, and field pea & faba bean variety.
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Table.4.7. Variety's trait preference

Grain traits Improve variety Local variety

Number % Number %
Yield 119 58.3 12 59
Color 80 39 36 17.6
Taste 101 49.5 65 31.8
Storability 92 45 20
Early maturity 97 47.5 1 9.3
Drought resistance 98 48 \46 22.5

Diseases resistance 100 49 C ) 14.2

farming techniques implemented ison adopter & non adopter. About 50% of the

farmers are quite higher compared to seed & farming techniques from technology

adopter household head:
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Table.4.8. Agricultural input adoption status

Current adoption status

Agricultural input Adopter Non adopter
Number % Number %
Improve seed 102 50 - -
Fertilizer 101 49.5 9 4.4
Inoculants 92 45.1 14 6.9
Chemical 93 45.5 19 9.3
Farming techniques 102 50 14 6.9

Sources: Own computation from survey data (2019)

4.1.6 Farmers’ typological arrangement
Dissemination of technology dependshiiot only) on the types of technology but also on the
characteristics of the end users;in, this researchcase farmer. Heterogeneity of attitudes of farmers
affects the level of adoptiofiyand fhimssleads to categorizing the farming community in various
forms. A farm typology ‘¢an be“used to classify farming households based on farmers' current
position of adoptionWof technology/ Classifying farmer adoption status can exhibit different
behavior of farme@ss with\regard’ to the technology. The current adoption position has been
measured using adoption“imdex. Adoption index measures the extents of utilizing a particular
technology per recommended unit (Umar et al.,2011). Based on the level of adoption and current
status, it is possible to draw a typology of farmers with respect to status of adoption.
v TECH_ORIENTED: these are households who have future plan to adopt technology but
currently they are not in a position to do so. Tech oriented farmers are farmers who have
information about the technology but need further assurance and practical proving from earlier

adopters. They are in need of time that enables them to focus on future particularly on how to
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achieve the future goal through adopting improved farm inputs in one hand. On the other
hand, tech oriented farmers would like to assure the success/failure story of previous adopters.
Solving the limitation of knowledge gap and demonstration in particular and smoothing the
barriers in general will bring these farmers to the tech fledgling cluster.

v TECH_FLEDGLING: households who participate in technology adoption and these are
new entrants to the adoption process. These adopters can be forced to utilize the technology
but may not be sure about the outcome of the intended technology on their livelihood. In case
of fledgling adopters, the adoption index is low. The tendency of continuity of the adoption
status of these farmers mostly depends on the outcome of the teChfielogy. Impressive outcome
will lead the farmers to adopter stage. Fledging adoptessmineludesyfarmers adopting a
technology for trial purpose.

v" TECH_ADOPTERS: households who are ddoptinghtechnology in the previous
cultivation seasons and continuing the adoption (procéss ean be clustered to technology
adopters. Theses farmers are normally disposed. to take fayorable events from technology
consumption. As the farmers have familiar attachment with technology, they are not easily
convinced by a spot bad adverse outcome of technology. Looking the adoption level, the
index can increase to 100% in the addption ndex scale.

v' TECH_DROPOUTS: houscholdsswho aré adopting a technology in the past but
terminated the adoption process atithis juncture. There could be dropouts both from tech
fledglings and tech adopters:|Usually, technology impact can be slow while once farmers
incurred costs, expecting outcomespare/automatically in the coming harvesting season. But
such expected outcome\might not sealize immediate to as planned by the farmers. Reasons
associated with bréader\farming system, community believe change getting alternative
technology; fammly-and, community pressure could contribute for the farmers to be lagged
from the adoption process. The adoption categorization of the study area with respect to

adoption of various technologies presented as follows:
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Table 4.9. Adoption status of sample households for main farm inputs

Agricultural inputs Current Adoption Status

Tech_ Fledgling Tech_ Adopters Tech-Dropouts Tech_ Oriented

N % N % %
Improve seed 16 7.84 102 50 79 38.72
Fertilizer 19 9.3 102 50 &3 37.74
Inoculants 10 4.9 102 92 39.7
Chemical 9 8.82 102 50 5 7.35 78 38.23
Farming 9 4.4 0 50 17 8.33 93 45.58
techniques

Source: own computation from's ateyl9

The survey result re ¢ total sample households using improved seed since

long and still contin tion process. About 3.43% of the seed technology adopters
have been dropo seed technology. Out of the total non-adopter of seed
technology, 3 ouseholds were oriented to adopt improved seed. About 50%
of sample househo using fertilizer for legume production. There was no dropouts'
status in case of adopting fertilizer technology. Inoculants are bio fertilizer where the adoption
is started recently.

Generally the time period where inoculants started to be applied in the legume production in
the study area is not more than four to five years. Currently, only 50% of the sample
households brought the inoculants technology in to their farm in previous years. About 92

households (39.7%) have a plan to adopt inoculants in the coming production season. To
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summarize, the sample survey results revealed that, taking farm inputs (seed, fertilizer,
inoculants row planting and chemicals of pesticides and herbicides) as a package, the overall
adoption rate reached to 50% while the termination rate is 5.39%.
4.2. Econometric Analysis
Before taking the variables into the propensity score matching model, some assumptions were
tested among the explanatory and dependent variables and there is no serious problem of
propensity score matching assumption to be violated. The test results of some of the propensity
score matching assumption has been described as follows.
Heteroskedasticity Test: Brusch pagen /cook Weisberg / Thejexistenc€of problem of
heteroskedasticity were tested by using Brusch pagen/cook MWeisberg hettest. This test result
shows there was not heteroskedasticity problem with chi’ ¥alue-0.03 and the corresponding p —
value of 0.85 which reject the null hypothesis that acceptsthe alternative/hypothesis.
HO: constant variance
Variables: fitted values of LTA
Chi*(1) =0.03
Prob>chi’ = 0.853

4.2.1. Determinants adoption of legume technologies

Attempt was made to examine factor§yaffecting adoption level of improved seed, chemicals,
inoculants, fertilizer & agricultdral techniques'technologies adoption using econometrics analysis.
Many variables may influenCe thefadeption/of technologies. The model estimation was projected
in a way that the adoptiomof imptoved seed and fertilizers given that haricot bean, chickpea, field
pea and faba bean asflegume crops’dggregated as legume packages. Variables with statistically
significant odd ratios-were thef/identified so that it can measure the level of importance to
determine were proposed“toyaffect the adoption. The result of the logistic model on determinant

level of technology adoption is summarized in the table 4.9.
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Table.4.10. Determinants adoption level of legumes technology

Explanatory Coeff. Std. Error t-value p-value Odd
variable ratio
GEN -0.979%* 206 -1.78 0.075 0.375%*
EDUC 0.539% 329 1 .005  1.714*
LANDSZ 0.993* .904 2. 0.003 2.701*
PLTSZL -2.160%* .102 2 0.016 0.115**
MKT_ACC -0.131 \ 31 0.759 0.876
OFFFARMP 1.386%* 23 / 1.89 0.056 3.999**
CREDIT 1.550% v’ 3.66 0.000 4.714%*
EXTENS 1.420% 3.25 0.001 4.139*
ASSOCI 1.753%* 4.29 0.000 5.772%*
TLU 384* 3.85 0.000 1.468%*

TECH_ACS -215 \ 317 -0.55 0.585 0.806
CONS -6.293 " !(\7 .002 -5.10 0.000

LR ch”? (11)=113.8
Prob > chi’ = 0.000

PseudoR* =0.402

log likelihood = - 84.494

Source: Logistic result of own survey result (2019)

* **% and *** refers significant at 1%, 5% and 10% respectively.

60



Gender ,educational level, land size of for cultivated purpose, off farm participants, credit
accessibility, agricultural extension services agent, participants of farmers cooperative association
, tropical livestock units are registered expected signs where as plot size for legumes crop of
cultivated purpose , market accessibility & technologies accessibility are unlined with expected
signs.

Education Level of household head (EDUC): Educational level was found significant at 1%
level of significance. The odd ratio of education shows that, a one more year of education,
increases the probability of odd ratio of legumes technologies by a factor of 1.714 on average.

It is observable that in the farming community, the higher the 4academic qualification of the
household member will exposed to leading position in most of the. hierarchy of the kebele
administrative units. As a result, they will be the first community) organs that receive the
technology and initiated to be taken as the role model for the highertuling organ. Besides, they
will have better chance to get the technology. Thi§'finding in line’with Asfaw et.al.(2011)

Extension Agents’ Contact (EXTENS):- Agricultural extehsion agent service is significant at
1% level of significance positively influenced legume' technologies adoption, scientifically
derived, often complex input supplied to fatmers by’ organizations with deep technical expertise
and hence development agent advisewwas hypethesized to have significant effect towards the
improving the adoption level of technologymwThe probability of legumes technologies adoption
are about 4.139 times greatet'for ythefarmers get access of extension services than that farmers
are not get access of extension gervices” This is the finding reported by Zinaye et,al.(2014) in
relation to the factorsaffecting adoption of chick pea in Oromia region.

Off-Farm Participation \(OEEFARM): Off-farm participation is significant at 1% level of
significance positively influenced legume technologies adoption. The probabilities of odds being
legume technologies adoption are about 3.999 times greater for the farmers Participate off-farm
activities than that farmers are not participate off-farm activities. This could be because off farm
activities takes away the labor from farming which will have a direct bearing on legume
production which is entirely dependent on human labor in study area. Hassen (2014) and Asfaw et

al. (2011) have reported similar findings.
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Membership to an Association (ASSOCI): Farmers cooperative association are in principle
established and operate based on the common interests of members; and are expected to provide
production input at relatively lower price and better market for members to improve their
bargaining power. Membership to an association is significant at 1% level of significance
positively influenced legume technologies adoption. The odds of being legume technologies
adoption are about 5.772 times greater for the farmers a membership of farmers’ cooperative
association than that farmers are not a membership of farmers’ cooperative association. This is in
line with the finding reported by Kassie et al. (2014) in relation to adoption of maize varieties in
Tanzania.

Tropical Livestock Unit (TLU): Livestock are important souseesof. incomes, food and traction
power for crop cultivation generally in Ethiopia. Liveste€k possession 1S also an important
indicator of household's wealth status in rural Ethiopia. This variable.is significant at 1% level of
significant, if the farmers have to get more tropical livestoek unit, holding the probability of the
odd ratio of adoption of legume technologies by 16468 on-average. This relationship implies that
household with more livestock possession might haveithe capacity to generate cash income to
purchase input and could be able to také.more risk associated with adoption of legumes
technologies. Studies by Debelo (2015)fon thetadeption of Quncho teff in Wayu Tuka district,
Oromia region and Berihun et al. (2014) ongadoption of chemical fertilizer and high yielding
variety in Southern Tigray reported similar positive influence of livestock holding on agricultural
technology adoption.

Land Size (LANDSZ): L.andisize s Significant at 1% level of significance positively influenced
legume technologies adoption. Theyodds of being legume technologies adoption are about 2.701
times greater for the fatmersshave large landholding than those farmers have small landholding
for cultivated puppose.This can be further interpreted as small land size can limit the adoptability
of legumes technology. The more the farmers having cultivable land could able to adopt higher
adoption rate of improved seed, fertilizer, chemicals & others than the one who has less land.
This finding is in lined with Asfaw et al. (2011) reported for determinants of adoption of
improved variety of chickpea in Ethiopia.

Access to credit: Access to credit is significant at 1 % level of significance. The probabilities of
odds adoption of legume technologies are about 4.714 times greater for the farmers get access

credit services than that farmers are not get access credit services. The result shows that, the
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impact of access to credit on adoption, and a good deal of it showing that credit has a positive
effect on adoption. This finding is in line with Cornejo and McBrid (2002) highlighted that credit
access is one of the key factor affecting technology adoption not only for legumes technology but
also for most of agricultural innovation. The result of this study also proved that farmers' adoption
level significantly improved given that the credit is available. However, case study result shows
that there is a big limitation in delivering the credit service for the legumes crops farming.
Household access to financial service influenced by the location, conditions to deliver the credit
and the priority area that financing institutions steered. As the area is dominantly wheat and maize
growing, the farming culture is cereal focused and the creditorspays more effort in financing
cereal based farming activity.
Plot size of legumes crop (PLTSZL): Plot size of legum@s crop s significant at 1% level of
significance. The odds of being legume technologies adeption arelabout/0.115 times less for the
farmers to allocated smaller plot size of legumes crop/for culfivation purpose than that farmers to
allocated larger plot size of legumes crop for cultivated purpose. The logit regression resulted that
plot size of legumes has a negative impact on the adoption of"legumes technology. This can be
further explained that farmers are larger plot size allocated the other cereals crop relatively to plot
size of legumes adoption level. The findifig is inline with' Menale et al. (2012).
Gender of household head (GEN)yGendemis.significant at 1% level of significance. The odds
of being legume technologies adoption ate about 0.375 times less for female household headed
than that of male household headed. The result shows that, impact of gender on adoption has
household headed partigipantia negatiesintluence of adoption legumes technology sign. Female-
headed households wouldyhave netybetter opportunity to adopt legumes technologies since they
are limitation to new infermation and tend to be risk advers (Adebiyi & Okunlola, 2013). A
negative sign was'hypothesized while adopting chemical fertilizer due to their reluctant behavior
and higher probability of adopting manure as a proxy for chemical fertilizer.

4.3. Impact of Adoption of Legume legumes technology
Identifying the factors behind adoption of agricultural technologies is not enough for the study
that aims to the adoption of legumes technologies and their income impact of farmers. This
section of the thesis discusses the impacts of adoption of legume technology, which was estimated

by using Propensity score matching (PSM). The income indicators that the study focuses on are
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annual income, income from legumes crop, income from other crop & income from non
agriculture.

4.3.1. Estimation of propensity score

The PSM is one of the non-parametric estimation techniques that do not depend on functional
form and distributional assumptions. The method is intuitively attractive as it helps in comparing
the observed outcomes of adoption of legume technology with the outcomes of counterfactual
control that is non-adoption (Heckman et al., 1998). The PSM technique enables to extract from
the sample of non-adopting households a set of matching households that look like those who
adopted in all relevant characteristics. In other words, PSM matches ea¢h>adopter/household with
control household/s that has/have (almost) the same characterisfics.

In the estimation of the propensity score, the focus is not ‘enythe effects of covariates on the
likelihood of adoption (propensity score) as the intentipft-18' developing an index that can be used
to match the two groups of sample households adopters,and non-adopters. However, the choice of
covariates to be included in the first step (propemsity score-estimation) is an important issue.
Heckman et al. (1997) argue that omitting important_vasiables can increase the bias in the
resulting estimation. Here, pre-interventien eharacteristics that bring variation in outcomes of
interest among adopters and non-adopters.wercused,/In other words, variables which are not
affected by being adopter or not @r,those coyariates which are fixed throughout are used as
explanatory variables. Accordidgly, different/ demographic, socioeconomic, institutional and
location factors were considered.|The study is going to estimate Average Treatment Effect on the
Treated (ATT), which ¢oncentrates only on the effects of adoption of legumes technology on the
adopters.

To estimate propensity scotesfor.adopter and non-adopter households, logit regression model was
used. The treatment @mythe. dependent variable of the propensity score model is binary; i.e.,
adopter or non-adopter. The/result of p-score estimation shows the estimated model appears to
perform well for the intended matching exercise. A low Pseudo R2 value confirm that adopter
households do not have much distinct characteristics overall and as such finding a good match
between adopter and non-adopter farm households becomes easier as well, the Pseudo R2 is 0.40.
The results indicate that the propensity to adopt legume technology was considerably influenced
by plot size legumes crop, gender & household headed participation in off farm activity presents

(Table .4.10.) (Figure.4.1.) the distribution of the sample households with respect to the estimated
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propensity scores. In this case, most of sample households are found in the left side of
distribution, which indicates the lower propensity score of adoption of legume technologies. Most
of adopter households are found in the upper right side of the distribution and partly middle of the
distribution. On the other hand, almost all of the non-adopter households were found in the down

left side of the distribution.

Source: own survey da

Figure 4.1. psgraph propensity sc atc ibution adoption of legumes technology
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Figure .4.2 propensity score before matching legumes on

As Table .4.11. Below illustrates the esti score varies between 0.003 to 0.0.998
with mean of 0.5 and standard deviation average p-score of adopters is 0.727 and
ranges from 0.119 to 0.998 while pters ranges from 0.003 to 0.878 with mean of

0.272.
Table. 4.11. Distribution

Group Std Min Max

Total hh 0.342 0.003 0.998
Adopter 0.256 0.119 0.998
Non adopter 102 0.272 0.255 0.003 0.878

Source: Own survey data result (2019)

4.3.3. Common support condition

After estimating values of propensity score for technology users and non-users the next step in
propensity score matching technique is the common support condition. Only observations in the

common support region matched with the other group considered and others should be out
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of further consideration. Once the region of common support is identified, sample households that
fall outside this region have to be dropped and the treatment effect cannot be estimated for these
sample households. The propensity score graph estimate in figure-2 revealed that the distribution
of the total sample households in adopters, and non-adopters of sample household with respect to
estimated propensity scores.

The common support region would then lie between 0.119 and 0.998 it excludes treated units
whose propensity score is higher than the highest propensity score of the control units and control

units whose propensity scores are lower than the lowest propensity score of the treated units.

Therefore, households whose estimated propensity scores less th
were not considered for the matching exercise. With this restrietion ouseholds from
ndition obliges to drop

.998. Accordingly 89

adopter side were discarded from the analysis. The com
down observations with probability of participatio
observations from the participants and 102 participants dopters groups satisfy the

common support condition.

0 2 4 .6 .8 1
Propensity Score
B Untreated IR Treated: On support

I Treated: Off support

Source: own survey data result (2019))

Figure-4.3. Propensity score graph propensity score matching distribution adoption of legumes
technology after match.
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In case some extent to which distribution of propensity scores in treatment & comparison group
overlap. Deleted individuals outside of the range of common support 13 households from adopter
or treaded individuals will be deleted after psmatch2 can run p score (pc_p score) to visualize of

individuals it will be deleted. Individuals marked by green will be deleted or treated off support.

.8

matching

————— control
4

ually inspect and show the closeness of the two groups and overlap
ing.

The point of graph
between them before

After matching, common support looks acceptable. The figure 4.2 and figure 4.4 show that the control
group has higher max p score before matching but not after matching. Visual inspection suggests that the
densities of the propensity scores are more similar after matching. The plot also reveals a clear overlapping
of the distributions.
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4.3.4. Choice of matching algorithm and matching

Alternative matching estimators can be employed in matching the treatment and comparison
groups in the common support region. The final choice of a matching estimator can be done by
taking selection criterion either of balancing test, pseudo-R2, and matched sample size.
Accordingly, a matching estimator which balances all explanatory variables (i.e., results in
insignificant mean differences between the two groups), a model which bears a low pseudo R2
value and results in large matched sample size is a preferable matching algorism (Dehejia and

Wahba, 2002). The nearest neighbor matching that matches a treated unit to all control units

weighted in proportion to the closeness between the treated unit and t

&
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Table.4.12 Performance of different matching estimator

Matching estimate Performance criteria

Balancing test* Pseudo R®  Matched sample size Mean bias med bias
NNM
NN(1) 11 0.066 191. 15.7 11.1
NN(Q2) 11 0.031 191 10.5 11.1
NNQ@3) 11 0.013 191 6.6 6.6
NN@4) 11 0.013 191 6.3 6.4
NN(5) 11 0.007 191 3.4
KM
Band width(0.1) 11 0.012 191 \ 2 2.8

Band width(0.15) 11 0.012 19 C/ 5.8 4.6

Band width(0.25) 11 0.014 — 6.4 6.5
Band width(0.2) 11 0.012 191 6.1 5.1
CM

cal (0.1) 11 0.0 11.2 9.3
cal (0.15) 11 4 191 8.6 5.6
cal (0.25) 11 0.04 191 10.1 8.6
cal (0.2) 11 0 191 10.1 8.6
Radius

Rad (0.15) 1 0.015 191 6.7 4.8
Rad (0.25) 0.019 191 7.1 7.8
Rad (0.2) 11 0.014 191 6.5 5.8
Rad (0.1) 11 0.013 191 59 3.4

Source: Own survey data result (2019)

N.B. Number of 11 explanatory variables with no statistically significant mean differences

between the matched groups of user and non-user households after matching.
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4.3.5. Testing the balance of propensity score and covariates

This kind of test is carried so as to know whether there is a statistical significant difference in the
mean values of covariates between adopter of technology and those of non-adopters. The higher
the Balancing test in this context is a test conducted to know whether there is a statistical
significant difference in the mean values of covariates adopters and non-adopters of technology.
The higher the covariates with minimum mean difference after matching is the more balanced
covariates. Keeping other selection criterion, the balancing test indicates the quality of the
matching algorithm implemented.

While evaluating treatment effect, the major econometric problem 1 ction bias as stated in
d 85 % while after

ow the critical level of

Maddala, (1983), percentage of bias before matching is in the 48
matching, percentage bias lies between 0.6 % and 10.2 %,
20%. In all cases, it is evident that sample differences i data significantly exceed

those in the samples of matched cases. The process thus creates a high degree of

covariate balance between the treatment and sa that are ready to use in the
estimation procedure. Similarly, t-values show that atching nine of chosen variables
exhibited statistically significant differe matching all of the covariates are

balanced (no statistical difference).

&
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Table .4.13.Pscore and covariates balance

Variable Before matching After matching

Treated Control % Bias T Treated Control % Bias T
GEN 813 .892 -22.2 -1.58 .850 .846 0.9 0.05
EDUC 3.667 2.802 80.4 5.74 3.383 3.346 3.4 0.18
LANDSZ 2.204 1.651 61.7 4.40 1.842 1.857 -1.7 -0.12
PLTSZL .624 558 25.0 1.78 .594 0.45
MKT_ACC 745 .686 13.0 0.42
OFFFARMP 0.156 0.039 40.2 -10.2 0.51
CREDIT 0.735 0.433 64.5 4.2 0.22
EXTENS 0.745 0.579 47.9 1.4 0.08
ASSOCI 0.754 0.362 85.5 -3.6 0.19
TLU 6.018 4.695 66.9 0.6 0.03
TECH_ACS 0372 0.480 -21.8 k 3.8 0.18
Source; Own survey data result (2019 /
The joint significance test and the pse 2 also good indicators of matching quality (Table

4.14). The low pseudo-R* a insignificant likelihood ratio tests (indicated by the higher p-

value after matching) esis that both groups have the same distribution in

covariates X after matchin

Table .4.14. Chi-squar joint significance of variables
Sample /LR chi p>chi’ mean bias Med bias
Unmatched 0.408 11536 0.000 48.1 47.9
Matched 0.007 1.21 1.000 4.2 34

Source: Own survey data result (2019)
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The chi-square test result shows that the covariates in the unmatched and matched groups have
been balanced. The result is important to compared observed outcomes for adopter of technology
with those of non-adopter have shared a common support region.
4.3.6 ATT estimation of impact of technology on HH income

Farm income enables household to purchase its basic needs of life. Before proceeding to estimate
the treatment effect of technology, we have to be sure that reliability of participants and controls
to have uniform distribution on its observed and non-observed characteristics of sample
households. The average treatment effect measures the average difference on the household
income between the matched adopters and non-adopters of the intefidéd technotegy. The ATE for
the matched adopters and non-adopter has been found using neasestiieighborniatching at of 5.

Table 4.15.Treatment effect on HH income

Matched Variable Treated Controls Difference SE T —stat

estimator

Nearest Annual income 76,486 40,807 35,679 4339 8.22

neighbor

match Income from 30,965 3,701 27264 2104 12.96
legumes

Source: Own survey data result (2019)* Cegume [cfop income refers the income earned from
sales of haricot bean, chickpea,, ficldypea and faba bean *statistically significant at 10 %

probability levels.

The estimation result in‘table 16,provides supportive evidence about the effect of technology on
household welfare performance. The study basically focused on impact of technology on the total
income and legume, crop income-of household. Income of household indicates that the ability of
household to purchaselits)basic needs of life and hence it ultimately shows the livelihood
performance of the farmers as stated in Nguezet et.al. (2011). Results of the analysis farm income
of the sample household who were adopting the improved seed and fertilizer technology earned
Birr 76,486 while those non-adopters earned Birr 40,807 on average basis. In particular, the
annual income that earned from sales of legume grains of chickpea, haricot bean, field pea and
faba bean is Birr 30,965 for adopters while it is Birr 3701 for non adopters. The impact analysis
of the PSM result showed, after controlling for pre-intervention differences of the adopter and

non-adopters of improved seed , row planting ,fertilizer and integrated pest managements
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technologies use full packages, the gross income of adopters has been increased by 46.6% (to Birr
35,679 on average basis and the legume crop income increased by 88% (Birr 27,264) . The PSM
result shows that adopting farming technology has significant contribution on both the annual
income and income from legumes crops in particular. The t-test analysis revealed that the mean
difference of income level between the two groups was statistically significant at 10 %probability

level.
4.4. Average treatment effects (ATE) with test

To attain the main objectives of this study, on this section evaluated the programs impacts on the
outcome variables for their significant impact on legumes technologies. adoptet; after the pre-
intervention differences were controlled. The impact indicatérsBwhich“€ensider as outcome
variables are annual income, income from legumes crops4and income\from other crops. Their
estimated average treatment effect (ATE) is annual inceme (38,232:62), income from legumes
crops (30,784.97) & income from other crops (9815.20)\(Table.4716.).

Table .4.16. Average treatments effects

variable Sample Treated Controls Difference S.E T- state
AIL Unmatched 93389.1863 36809.1765 56580.0098 7315.84321 7.73
ATT 93389.1863 5820317853 35185.451 10335.5057 3.40
ATU 3680911765 7808579608 41279.7843 - -
ATE - z 38232.6176 - -
IFLC Unmatched 32230.7451 28496.3725 1550.86585 18.37
ATT 32230.7451 28794.6765 1614.09628 17.84
ATU 373437255 32775.2647 - -
ATE & 30784.9706 - -
IFOC Unmatched 62278.951 29406.1569 6965.6124 4.22
ATT 62278.951 8266.76471 10087.08 0.82
ATU 32872.7941 11363.6373 - -
ATE - 9815.20098 - -

Source: Own survey data result (2019)
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4.5 .Matching estimators of the ATT based on the propensity score outcome

4.5.1. Nearest neighbor matching (attnd.ado)

The most straightforward matching estimator is nearest neighbor (NN) matching. The individual
from the comparison group is chosen as a matching partner for a treated individual that is closest
in terms of propensity score.

Attnd AIL LTA EDUC LANDSZ PLTSZL MKT ACC CREDT EXTENS ASSOCI TLU
TECH_ACS,comsup boot reps(100) dots logit

The program is searching the nearest neighbor of each treated unit.

This operation may take a while.

ATT estimation with Nearest Neighbor Matching method (ra ersion)

Analytical standard errors.

Table.4.17. ATT estimation with nearest neighbor matchi anddrd errors

n. treat. n. contr. ATT T
102 31 35185.451 35.506 3.404
Note: the numbers of treated and controls refer to nearest neighbor matches.

Source: Own survey data result (20

ATT estimation with Nearest method (random draw version)

Bootstrapped standard

Table.4.18. ATT esti nearest neighbor matching bootstrapped standard error

/4

n. treat. ATT Std. Err T

102 31 35185.449 9337.035 3.768

Note: the numbers of treated and controls refer to actual nearest neighbor matches.

Source: Own survey data result (2019)
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The nearest neighbor example only 31 different controls have matched to the 102 treated
analytical standard error (10335.5) & bootstrapped standard error (9337.03) ATT is both of them
are equal. These results are very close to the ones obtained by Dehejia & Wahba(1998).

4.5.2. Radius matching (attr.ado)

Dehejia and Wahba (2002) suggest a variant of caliper matching which is called radius matching.
The basic idea of this variant is to use not only the nearest neighbor within each caliper but all of
the comparison members within the caliper.

ATT estimation with Radius Matching method.
Analytical standard errors.

Table.4.19. ATT estimation with in radius matching analytical standard error

n. treat. n. contr. ATT Std. Exr T

102 102 56580.010 7315.843 7.734

Note: the numbers of treated and controls refer to actual matehes with in radius.
Source: Own survey data result (2019)

ATT estimation with Radius Matching methed.

Boots trapped standard errors.

Table.4.20 ATT estimation\with.in radius;matehing bootstrapped standard error

n. treat. n. contr. ATT Std. Err t

102 102 56580.012 7218.796 7.838

Note: the numbers of treatedland-controls refer to actual matches with in radius.
Source: own computed data result (2019)

In radius matching all treated as well as controls (in the common support which has been imposed
here) are used in this result analytical standard errors (7315.8) & bootstrapped standard errors
(7218.7) ATT both of them are equals. The estimate of ATT is greater than to the one obtained

with kernel matching.
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4.5.3. Kernel matching (attk.ado)

The matching algorithms discussed so far have in common that only a few observations from the
comparison group are used to construct the counterfactual outcome of a treated individual. As
Smith and Todd (2005) note, kernel matching can be seen as a weighted regression of the
counterfactual outcome on an intercept with weights given by the kernel weights. Weights depend
on the distance between each individual from the control group and the participant observation for

which the counterfactual is estimated.
ATT estimation with the kernel Matching method.
Boots trapped standard errors.

Table.4.21. ATT estimation with in kernel bootstrapped standard-€sters

n. treat. n. contr. ATT Std. Err t

102 62 45545.750 9037020 5.040

Source: own computed data result (2019)

In kernel matching only 62 different coutrols have.beén matched to the 102 treated analytical
standard errors cannot computed. The-bootstrapped’standard error (9037.02) then the estimate of

ATT is less than to the one obtained withiradius/matching.

4.5.4. Stratification matching (atts.ade)

The idea of stratification matchingis to,partition the common support of the propensity score into
a set of intervals (strat@)pand to calculate the impact within each interval by taking the mean
deference in outgomes-between treated and control observations. This method is also known as

interval matching, blocking'and sub classification (Rosenbaum and Rubin, 1983).
ATT estimation with Stratification Matching method.

Analytical standard errors.
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Table.4.22. ATT estimation with the stratification analytical standard errors

n. treat. n. contr. ATT Std. Err t

62 102 34485.611 4572.530 7.542

Source: Own survey data result (2019)
ATT estimation with the Stratification Matching method.
Boots trapped standard errors.

Table.4.23. ATT estimation with the stratification bootstrapped standarderrors

n. treat. n. contr. ATT Std Err t

62 102 34485.609 4370138 7.891

Source: Own survey data result (2019)

In stratification matching only 62 different treated haye been/matched with stratification out of
102 treated. The analytical standard errots (4572.5) & bootstrapped standard errors (4370.1)
estimate of the ATT is quite close to ghe onelebtained with nearest-neighbor matching. But
overall the results obtained attnd, attryattk &\atts area’positive range (34,486.6 to 56,580).
4.6. Sensitivity Analysis

There may be hidden biases against the result of matching estimators and hence testing robustness
the result is recommended‘ As it 1S nofipossible to estimate the magnitude of the selection bias
with non-experimental data,\the problem can be addressed through using sensitivity test.

The basic issue in testinggsensitivity is to check whether the treatment effect is due to unobserved
factor or not. Rosenbaum(2002) proposes using Rosenbaum bounding approach in order to check
the sensitivity of the estimated ATT. The results shows that the impact of legumes technology
adoption is not changing through adopters and non adopters' households if it is allowed to differ
odds of being treated up to Gamma=3. That means for the outcome variable estimated, at various
level of critical value of gamma, the p-critical values are significant which further indicate that
consideration of important covariates that affected both adoption and outcome variables. We
couldn’t get the critical value gamma where the estimated ATT is questioned even if we have set

gamma largely up to 3 in (Appendix I.11) show the result, which is larger value compared to the
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value set in different literatures which is usually 2 (100%). Thus, it can be concluded that the
impact estimates (ATT) are insensitive to unobserved selection bias and are a pure effect of
income due to technology adoption.
4.7. Consistency Testing
4.7.1. Cronbach’s Alpha

In most empirical research Cronbach’s alpha is estimated to obtain a measure of reliability of a set
of question items (Henson, 2001). Cronbach’s (1951) refers to the internal consistency as the

proportion of the test variance that can be attributed to a group of ite

to the variance for all individual item scores: In (Appendis the alpha test before
standardizing and the total result Show 0.2587(25.87% nsi with questionable) and that
is less consistence. So to increase the reliability or consistence must standardized and
(Appendix I .9) shows the total result 0.7156(71: Goo sistency) that explains the more

internal consistencies as well as the reliability measurem

@
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CHAPTER FIVE

5. Conclusions and Recommendations

5.1. Conclusion

This research paper examined the underlying impact of technologies adoption on legumes
producing farmer’s income in Gurage zone, Ethiopia. The logit regression result showed that
educational level of household headed, land size for cultivated purpose, off farm participants of
household headed, TLU, access to credit, contact with extension wotkers and/membership of
household headed participants cooperative association were found tQ¥be positive in determining
technologies adoption on legumes producing farmers adoption‘decision} Besides, gender and plot
size of legumes crop for cultivated purpose were gtatistically Significant while influencing
technologies adoption on legumes producing farmers adoption decision negatively. Furthermore,
the effect of technology on the livelihood of smallhelder farmefs basically reflected on its annual
income and income from legumes crops., Impact of ‘teéehhology on income of households
estimated using propensity score matcHingiThe iffipact analysis result revealed adopting
technologies has significant role on the“mprovement of level of total income and it has so
impressive impact on crop incomeflt.shown that total annual income of adopter improved by
46.6% and 88% improvement ofl|the cropiincome relative to non adopting farmers. So based on
this result the government focus_especially agricultural sector, research institution and other
stakeholder in the studyjarea“should give more emphasis dissemination legumes technologies
adoption give special attention as a full package form.

The study brought loutithatfadopting agricultural technology has a considerate impact on the
improvement of liveltheod of farming community. It is also observed that population density in
highlands of the country is concentrated in which the cultivable land holding became small. One
of the important strategies to meet the increasing food demand is boosting the production within a
limited resource through the adoption of improved farming inputs.

According to the PSM estimation, the adoption of legumes technology has a dual impact on
household wellbeing; yield increasing then increasing annual income. With this respect, allowing
farmers to interact with farming technology not only have a direct impact on the income but also

has a direct substitution effect on other livelihood aspects. This leads to a conclusion that
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adopting technology will be one of the basic instruments to enhance the leaving standard of
farming community. Technology effect tends to optimized by addressing the possible influencing
determinants.
5.2. Recommendations
v" Access to credit can enhance technology adoption provided that the time, the condition of
lending, and the cost of the money (interest) properly addressed. For farmers getting upfront
cash at the time of harvesting is quite limited. As a result, credit availability became the
outermost choice. With this fact, designing special line credit for, purchase of farming inputs
will be expected from policy makers.
v Farmer’s agricultural adoption status as full packaging apptopiiate improve seed varieties,
chemical fertilizers, inoculants, pesticide & fungicide as‘apackage form is critical for decision
making towards the adoption of technology there in désigning apolicy that enable to attain the
target around a particular cluster. Status of adoptienafariedyamong farmers due to various
factors. Generalized decision will not be effeétive whilefanmers belonged in different status
of adoption. Thus, technology shall improve provided 'that decisions are given based on
farmers' typical clusters of uniformity.
v’ If the female farmers were negafiye impagt.of Jegume technologies adoption this problem
solved by governmental organization espéeially Woman and children affair office, agricultural
and natural resource development offiee, nongovernmental organization and other stakeholder
more emphasis always comtinuous training and awareness creation give for farmers
community.
v' Plot size for legume, cropsiissmegative impact of adoption of legume technologies this
impact solved by“\géwernmental organization especially agriculture and natural resource
development“offiee_and norigovernmental organization = more focus attention land use
planning rule and regulation, land allocation for crops proportional, double cropping system
and land management continuous training for farmers community.
v" Tropical livestock unit is positive impact of adoption of legume technologies adoption this
impacts shows mixed farming is important for agricultural technologies so minister of
sciences and technologies and agricultural research institution focus appropriate improve

varieties searching, adapting then release for farmers societies and minister of agriculture
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more emphasis for farmers community give training and practical implementation as a
demonstration on farmer training center.
v Education is a positive impact of legumes technologies adoption farmers’ communities
has getting formal and non formal education by minister of education and minister of
agriculture more focus practical training.
v Agricultural extension services agent is a positive impact of adoption of legume
technologies so government more emphasis especially minister of agriculture establishment of
strengthening the institutionalizing extension linkage among different stakeholder at
researchers, regional, zonal, woreda and kebel level and allocating adeguate funding for
linkage activities at all level.
v" Membership of cooperative association is a positive~impact of adoption of legumes
technologies so the government more attention espeeially agmcultural and natural resource
department and cooperative office give always short teum training’and awareness creating for
farmer’s community and nongovernmental Jrganization supports financial, logistic and
training gives for each cooperatives associations.
v The impact of adoption of legume téchnologies-annual income of household headed from
legume crops the results inspiringfso gowernment focus especially agricultural sector,
research institution and other stakeholder. in the study area should give more emphasis
dissemination legumes technologies adeption give special attention as a full package form.
v The household headedto participate”in off-farm activities to the positive impact of
income on the farmers and \legiimes’ technologies adoption. So based on this result the
government especially\ministeypof-agriculture and rural job opportunity agency to facilitate
entrepreneurship trainingy there ‘farmers have diversity of skill to give continuous and
sustainable trdinimg-the farmers community.
Finally, technology is dynamic by its nature; it ever changing with a time and hence impacts
continued to vary in similar pace. So, researcher should contemplate future possible impact of
adoption in each particular period. In doing so, the stakeholders engaged in input development
and distribution should identify the main concern of the farming community before releasing the
technology. From cases study, Farmers are observed to have been better trust on the government

organizations and hence tempting those organs will improve the intake of technologies.
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5.3. Areas of Further Study

There is need to carry out a comprehensive future study on the following.
v The access technology problem needs further investigation on governmental institution
especially research institution.

v The market access for output problem needs further investigation on other group.

S
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Appendix.I Table of results
Appendix Table.1. Standard conversion factors to compute Tropical Livestock Unit (TLU)

Animal category TLU

Calf 0.25

Weaned calf 0.34

Heifer 0.75

Bull 0.70 \ ?’
Cow/Ox 1.00

Camel 1.25 \
Donkey (young) 0.35 C /
Donkey (adult) —
Mule

Horse

Sheep & Goat (young) 0.

Sheep & Goat (adult) \ A3

Chicken 0.013

Source: Storck, et al. ( a in Atéga and Rashid,2005)
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Appendix Table .2 Logits result of PSM estimation

Explanatory Coef p>value
variable Std. Dv

GND -0.979%* .550 0.075
EDUC 0.539* 192 0.005
LANDSZ 0.993* 336 0.003
PLTSZL -2.160%* .893 0.016
MKT_ACC -0.131 427 9
OFFFARMP 1.386%* 719 0
CREDIT 1.550* 426 0
EXTENS 1.420* 437 .001
ASSOCI 1.753* 408 / 0.000
TLU 384 .099 0.000
TECH_ACS -215 0.585
CONS -6.293 :233 0.000

LR ch” (11) =113.8
Prob > chi’ = 0.000

PseudoR’ =0.402

&

log likelihood = - 84.494

Source: own computation econometric data result (2019)
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Appendix Table.3 Odd ratio after logit result

. logistic LTA GEN EDUC LANDSZ PLTSZL MKT ACC OFFFARMP CREDIT EXTENS ASSOCI TLU TECH ACS

Logistic regression Number of obs = 204
IR chi2(11) = 1138
Prob > chi2 = 0.0000
Log likelihood = -84.494976 Pseudo R2 = 0.4024
LA | Odds Ratio Std. Err. 1 Pz [95% Conf, Intervall
GEN | .3755135  .2067809  -1.78 0.075 1276149 1.104968
EDUC | 1.71429¢ .3293213 2,81 0.005  1.176432  2.498066
LANDSZ | 2.701478  .9042432 2,97 0.003  1.401799  5.206154
PLISIL | 1152423 .1029517  -2.42 0.016 0200074 6637937
MKT ACC .8768836 3748694 -0.31 0.7%9 .3793601 2.0269
OFFFARMP | 3.999998  2.879425  1.93  0.054 .9757006
CREDIT | 4.714088 2.010499  3.64 0.000  2.043483  10.87468
EXTENS | 4.139699 1.811551  3.25 0.001  1.79%817 ;
A§S0CI 5.77262  2.360077 4,29 0,000 2.590406  12.8640
TLO | 1.468285 1466443 3.85  0.000 1.20 1785763
TECH ACS .8063058  .3179253  -0.55  0.58% 746334
_cons 0018486 .0022804  -5.10  0.000

Source: own computation eco

etric dat
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Appendix .4 Marginal effects after logit

Explanatory Coef Std. t- p-value
variable Dv value

GND -0.231 ** 117 -1.97 0.049
EDUC 0.134 * .048 2.81 0.005
LANDSZ 0.248 * .083 2.98 0.003
PLTSZL -539%** 223 -2.42 0.015
MKT_ACC -0.032 .106 1 0.758
OFFFARMP 307%* 127 V 0.015
CREDIT 368%* 091 0.000
EXTENS .339% ..094 \ 0.000
ASSOCI AlT* .086 C/ 4.87 0.000
TLU 095* : v 385 0.000
TECH_ACS -.053 098 -0.55 0.585

<

Source: own computation econome

&

datar
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Appendix.5 Propensity score and covariate balance

Covariates

GEN

EDUC

LANDSZ

PLTSZL

MKT_ACC

OFFFARMP

CREDIT

EXTENS

ASSOCI

TLU

TECH_ACS

Mean % bias reduction T-test

sample Treated Control % Bias Bias t p>t

U 813 .892 -22.2 -1.58 0.115
M 850 .846 0.9 95.7 0.05 950
U 3.667 2.802 80.4 5.74 .000
M 3.383 3.346 3.4 95.8 0.18 .860
U 2204 1.651 61.7 4.4 .000
M 1.842 1.857 -1.7 - 908

U .624 .558 25.0 1.78 0.076
M 594 617 0.45 .651

U 745 .686 0.93 0.354

M .766 733 0.42 0.676

U 0.156 2.87 0.000

M 0.100 -74.5 0.51 0.610

U 0.735 4.61 0.000

M 0.616 93.4 0.22 0.610

U 3.42 0.001

1.4 97 0.08 0.852

85.5 6.11 0.000

0.633 -3.6 95.8 0.19 0.852

4.695 66.9 4.78 0.000

534 5.522 0.6 99.1 0.03 0.978

U 0372 0.480 -21.8 -1.56 0.121

M 0433 0.416 3.8 84.5 0.18 0.855

Source: own computation econometric data result (2019)
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Appendix.6 Joint significance test (likelihood ratio test)

Matching sample Pseudo R? LR Chi p>Chi’ Man bias Med bias
estimate

NNM

M 0.066 11.01 0.442 15.7 11.1

M 0.031 5.10 0.926 10.5 11.1

M 0.013 2.17 0.998 6.6 6.6

M 0013 217 098 Se3 )/ 64
10007, a2 1/ 19.9

115.36 0,000 . 481 479

115.36 10,000\ 7 48.1 479

M 0.007

1.21

Bandwidth (0.1) U 0.408

0.408

Bandwidth
(0.15)
Bandwidth U 115.36 20:000 . 479
(0.25)
Bandwidth (0.2) 536 wa0:000 479
Bandwidth (0.3) 1536 7/ 0.000 479
cM D)
M 0.056,| 6. . 9.3
ML\ 00440\ 4.88 8.6 5.3
M g 0040 459 10.1 8.6
Mg\ 0.040/ 59 10.1 8.6
Rad(0.1) U 0/408 115.36 48.1 47.9

Rad (0.15) U 0.408 115.36 0.000 48.1 479

Rad (0.25) U 0.408 115.36 0.000 48.1 479

Rad (0.2) U 0.408 115.36 0.000 48.1 479

Source: own computation econometric data result (2019)



Appendix .7 variance inflation factors

Variables VIF 1/VIF
PLTSZL 1.34 0.745
LANDSZ 1.30 0.769
EDUC 1.26 0.791
CREDIT 1.15 0.866
OFFFARMP 1.14 0.879
ASSOCI 1.12 0.894 ?
TLU 1.12 0.895
TECH_ACS 1.06 0.945 \
EXTENS 1.04 0.962 C/
GND 1.03 0.970 —
MKT_ACC 1.03 0.974
Mean VIF 1.14 K
Source: own computation econometti 9)
Appendix .8 multi co linearity
. corr LTA GEN EDUC LANDSZ PLTSZL MKT ACC OFFF, TLU TECH ACS
(obs=204)
LTA _ACC OFFFARMP  CREDIT  EXTENS  ASSOCI TLU TECH_ACS
LTA | 1.0000
GEN | -0.1107
EDUC | 0.3745
LANDSZ | 0.2959
PLTSZL | 0.1245 1.0000
MKT ACC | 0.0652 0 0.0182  1.0000
OFFFRRUP |  0.1978 0 . -0.0413 -0.0115  1.0000
CREDIT | 0.3082 -0.0421 0.1726 0.1199 0.3184 0.0404 0.0780  1.0000
EXTENS | 0.2338  0.0279 0.1116 0.1164 0.1228 0.0603  0.0463 0.0567 1.0000
ASSOCT | 0.3949 -0.0902 0.2586 0.1321 0.0931 0.0747 0.0937 0.1702 -0.0018 1.0000
LU | 0.3185  0.0390 0.1797 0.2434 0.1580 0.0883 -0.0201 0.0762 0.0096 0.0799  1.0000
TECH ACS | -0.1090 0.0222 0.0132 -0.1734 -0.0880 -0.0937 0.0490 -0.0352 -0.0003 -0.0722 -0.1436 1.0000

Source: Own computation econometric data result (2019)
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Appendix.9. Consistency test

Test scale = mean(unstandardized items)

average
item-test  item-rest interiten
Tten Obs Sign correlation correlation  covariance alpha
AIL 04+ 0.9779 0.5674 604.1879 0.0003
IFLC 04+ 0.7270 0.5674 1667.878 0.0001
LT3 04+ 0.5994 0.5993 1795763 0.2602 ///;::;;>
GEN 04 - 0.0568 0.0568 1796018 0.2602
EDUC 04+ 0.2929 0.2929 1795728 0.2602
LANDSE 04+ 0.7049 0.7049 1795435 0.2602 \\
PLTSIL 04+ 0.3964 0.3964 1795941 0.26 (::j
HKT ACC 04+ -0.0029 -0.0029 1796038 02 _,,/’/”—

OFFFARIP 08+ 0.02% 0.029%6 1796029
CREDIT 08+ 0.1871 0.1871
EXTENS 08+ 0.0756 0.0756
ASs0CI W+ 0.2382 0.2382
110 0+ 0.3538 0.3338
TECH ACS 0 - 0.1521 0.1
4

Test scale \\ \--...____§€§;}17 0.2587

/4
Source: Own computation‘€cono data result (2019)
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Appendix .10 standardized consistency test

Test scale = mean(standardized items

average
item-test item-rest interitem
Iten Obs Sign correlation correlation correlation alpha

AIL 208+ 0.6493
IFLC 208+ 0.7876 L1165 0.1253 0.6506
LTA 204+ 0.7434 L6607 0.1290 0.6581

0
0
0
GEN 204 - 0.2313 0.0784 0.1714 0.7289
EDUC 204+ 0.5192 0.3922 0.1475 0.6923
LANDSZ 208+ 0.5539 0.4345 0.1445 0.6871
PLTSIL 208+ 0.5183 0.3911 0.1476 0.6924 \\
MKT ACC 2048+ 0.2495 0.0973 0.1699 0.72 C
0

OFFFARIP 204+ 0.247 .0954 0.1700 0.427 “’//”’—

.5451 0.1368 0.6732

CREDIT 204+ 0.4424 0.3053 0.1539 ~
EXTENS 208+ 0.3050 0.1557 0.1653
ASSOCI 208+ 0.4540 0.3184 0.1529

L0 200+ 0.4571 0.3218

TECH ACS w4 - 0.2987 0.1491

Test scale

Source: Own computation econ ric data result (2019)

98



Appendix.11. sensitivity analysis gamma test

rbounds income from legumes crops (IFLC) , gamma (1 (0.25) 3)

Rosenbaum bounds for [IFLC (N = 204 matched pairs)

t-hat-

Gamma sigh sig-  t-hatt
1 0 0 15845.5
1.25 0 0 14252.5
1.5 0 0 13102.5
1.7 0 0 10934
2 0 0 9160
2.25 1.1e-16 0 8024
2.5 2.4e-15 0 0974
2.75 4, 1e-14 0 6100
3 4.3e-13 0 5287.5

15845.5
18412.5
20900
22720
23973.8
24750
25395
26012.5
26575

13635.5
11033
§658
1060
5677.5
4684
4562.5
£315.3
4137.5

t-hat+ - upper bound Hodges-Lehmann point estimate

t-hat- - lower bound Hodges-Lehmann point estimate
95)

200475
22620
202775
25327.5
262173

27015 ‘7
27687.5

28395 \\

29330 C

* gamma - log odds of differential assignment due to unobserved factor “’/i:ij:
sigt - upper bound significance level
sig- - lower bound significance level
CI+ - upper bound confidence interval (a= . $

CI- - lower bound confidence interval (a= .9

Source: Own computation eco

etric

t (2019
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Appendix .12 before & after match summary of the distribution of the abs (bias)

Summary of the distribution of the abs(bias

BEFORE MATCHING

Percentiles Smallest
1% 13.00399 13.00399
5% 13.00399 21.82868
10% 21.82868 22.17298 Obs 11
25% 22.17298 24.9749 Sum of Tgt. 11
50% 47.86332 Mean 48.08404
Largest Std. Dev. 25.37687
75% 66.86457 64.48324
90% 80.37443 66.86457 Variance 643.9853
95% 85.54441 80.37443 Skewness 053038
99% 85.54441 85.54441 Kurtosis 1.595809
AFTER MATCHING
Percentiles Smallest
1% 6076273 6076273
5% 6076273 9423518
10% 9423518 1.415089 Obs 11
25% 1.415089 1.710092 Sum of TWgt. 11
50% 3.415913 Mean
Largest Std. Dev.
75% 7.368927 4.243413
90% 8.931717 7.368927 Variance
95% 10.24132 8.931717 Skewness
99% 10.24132 10.24132 Kurtosi
Sample Pseudo R2
Unmatched 0.408
Matched 0.007 00

>%

~——g

Source: Own computation econometric data result (2019
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Appendix .13 location map of study area.

Location Map of Study Area

Ethiopia Map SNNP Map Guraghe Zone Map . e .
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Appendix. IT Questionnaire

Wolkite University
College of Business & Economics

Department of Economics

Questionnaire

ollecting information on the

¢s. For this purpose your

For all closed type questions please put <X>mark where ropriate and please strictly follow the

instruction given in each part of the questionnaire
Interviewer (Enumerator) Name:
Tell: (\7

Name of PA:

1. Demographic & geo

1. Sex: Male

2. Marriage status: married.. . /.........., I:I Divorced....... I:I Unmarried............ I:I

3. Farming experience years
4. Religion: Orthodox Christian...... Muslim........... Protestant................... Others
(specify): covvvrrnnnee.

5. Household size (number of family members in a house hold)
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6. Age of the household head:

7. Education level of the respondent of household headed

a) No education (illiterate)

b) Traditional education (Mosque or church education)

¢) Elementary education (1-6 grades)

d) Junior level education (6-8 grades)

e) Others:
8. What is the house you owned and live in?

Grass roofed and muddy wall...............

Y

Corrugated tin roof and muddy wall...... /
Corrugated tin roof and Bullock wall.......... y
Other (please specify)......coevverrren o0

I1.Socio-economic characteristics

1. what is the source of ingome

Farming (crop cultivation)i.............
e Animal husban
o Crafts man......... W\ ...
e Employed (sa

e Trading.

e  Other (please spe

/4
2. Landholding status (Timad):
2.1. Total landholding:

2.2. Total cultivable land:

2.3. Land allocated for legume production:

ehold (more than one answer is possible to give

UL

2.4. Land allocated for other activity (please specify):
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3. Have you produce of legume crop? Yes lo

4. Ifyes, for Q#3 What are the main use of legume grain for you

Use of legume produced % (from annual production)

For consumption

For sale

Source of livestock

For soil fertility purpose (crop rotation)

For other purpose (Please
SPECify)...cccviecriiieiiieiiiieanns
5. What are the main crops you cultivate in your farm and how rea i$ allocated for each

crops? Please fill the requested information here below:

S

Main crop Area cultivated (Tmad)

2008 E.C Meher | 2008 E.C B

eher | 2009 E.C Belge

6. Would you expect that of fa like improved seed, fertilizer, inoculants, pesticides

role on yield of legume crops?

ould you give your response for the following information:

me | Purchase price/unit Quantity purchased/Year
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8. What are the farming cultures that your implement in cultivation legume grains crops?

Practice Faba bean | Haricot Chickpea | Field pea | Others
bean

Land plough (tractor/oxen)

Frequency of ploughing before
sowing (once, twice, three times)

Planting time

Planting method (raw or

broadcasting) \

Weeding frequency A\ —
Harvesting time | W 4
Other activity (please

SPECIY it )

I11. Adoption status of agricultural technology

1. Have you ever used improved seed varieties ,of

2. Ifyes, for Q# 1, where do you get these seed?
Research center...........cccecveeevevveneennen.
Government SUPpPLY.......ccoeverveennne

Purchase from market

[ ]
[ ]
[ ]
L]

production? Yes. | | | |

Quantity utilized per cropping | Purchase Price per/Qt
season

5. Have you ever been utilized chemical inputs like herbicides, pesticides, and fungicides in production of

grain legume? Yes No.

6. If yes for Q#1, 3, 5 why you using these improved farm inputs?
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Improving yield performance |:| Increasing income............. |:|
Reducing cost of production ] improving soil fertility..... I:I
Offsetting environmental effect I:I food security..........cccoe...... ]
Other (please specify...)

1. If you say no for Q#1,3,5, why you are not in a position to use these farm inputs?

High purchase price........cccceevevieeervenrenens |:|
Accessibility problem...........cccccvvevieceniiennnnns I:I

Incompatible weather condition....................... I:I
Other (please SPECITY).....ccvverierierierierierieeeeee e seere e eseeenes

2. What is your current state in utilizing farm inputs (improved see rt emicals...) in your
legume production? Put
1-if you started adoption recently, \
2-if you continued adoption with increasing rate C
3- If you adopting with decreasing rate /
4- If you terminated adoption ~
5- If you have a plan to adopt
N

Farm inputs ption status

\ 0
Improve seed \ \ Vv

Inoculants

Fertilizer

Chemical (pestici é{,
Farming technique

9. Do you face a

nge in adoption process of farm inputs (fertilizer, chemicals, seed, row
planting)  Yes L]

No.

10. If your answer is Yes for Q#9, what are the major challenges that affect the use of these farm

inputs?
1. 3.
2. 5.
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11. Which of the following ways is/are better to address farm inputs (seed, chemicals, fertilizers)
to the farming community? Please rank the ways of inputs dissemination from best (first) to worst
(the last)

Input dissemination institutions Rank

Through gov't organization (Agri office, DA, kebele...)
Through dev’t partners (NGO...)

Through community associations (Idir, equib, ...)

Through cooperatives, unions

Through traders

Through research institutions

Others (please specify...)

12. Do you think the improved legume inputs is better thaf le i in terms of the following

Traits/characters Faba bean Field pea

Local | Improved Improved Local | Improved

Yield

Colure

Taste

Drought resistance

Maturity period

Disease resistance

Storability

Other (please Ny
specify......) \

14. Have you used weed, disease & pest control? Yes |:|) I:I
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15. If your answer is yes question # 14 which method controlling system used?

Traditional ------------------ |:| Biological |:|
Mechanical ---------------- I:I Chemical I:I

16. Based on question #15 which controlling method prefer ? Why

IV. Issues on factors of technology adoption V
1. Do you have extension agent (DA) advice to @egume production? Yesl:l

No [

2. If your answer is yes, for the question #1, h idj the extension agent contact you?
Weekly basis........cccceevervvecvennnnnne... Twice permonth....... xamd ...
Monthly basis........ccccereeieeerieriennne e of cultivation....
Other (please SPeCify.......covvevvereeee il ceveesvatBiotnad Lo eieeienieennens
3. Ifyes for Q#1, how can the devel you for the effective application of farm inputs?

Other
4. If yes for ou evaluate the assistance given by the development agent service for
the succe of farm inputs (improved seed, fertilizer, pesticides, herbicides. farming

techniques etc)?
Excellent I:l Very good I:Pod I:Pr |:|
Other source (please SPecify)......ccoovrvererviriienreieieerereeeene
5. If your source of fund is credit for Agricultural input & the whole farm management practice
cost, do you easily get credit? Yes ... I:I\Io. I:I
6. If No for Q#5, What are the major problem you face to get farm input on credit? Absence of
the credit agent..........ccoeceeeveuenene.

high interest rate ...........coceevereeciecerenenen. (Interest rate..... %)



Problem of timely affording the credit.........

Bureaucratic nature of the credit process...........

7. If your farm is operating with credit for purchase of farm inputs, which of the fowling are

source of your credit?

Commercial Bank of Ethiopia |:| Agricultural office I:I
Local money lender............. I:FIGO (Development partners) I:I
CoOoperatives........oeevveveeveereenennns Ijers (please specity)

8. Would the government encourage you to use farm inputs in your previous legume production
activity? Yes |:| No. |:|

9 . If your answer is yes for the Q#8, in what way the government-can ?

Through giving subsidizing the inputs I:I

Through giving incentives
Through easily availing the inputs on time

Other (please specify...)

1- if participated, 2 - if not

Social participation

Idir

Equib

Farming cooperatives/un

Trade unions

Religious associations

Females associations

Other please specify

12. Do you expect any risks to be driven due to devoting technologies in legumes production? Yes I:I

Nol:l
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13. If yes for Q# 12, what are the failures (risks) noticed in the adopting farm inputs in the legume
production?

Reduction in yield........... I:I Increase in cost of production........ I:I

Loss output market.......... |:| other (please specify...)

Pollution of environment..... I:I

14. Would you have faced any agro - ecological problem in your legume farming activity? Yesl:l

Nol:l

Infertile nature of rain fall I:I Disease occurrenc

15. If your answer is yes the above question, what is the existing problem you faced in your previous
legume cultivation? V

Shortage of rain fall I:I Snow @

Excess/erratic nature rain I:I other please specify - N\

V. Issues on Impact analysis /V

1. What is your total farm income in annual basis (please pu ponse in terms on Birr)

Crop sale.....coceeeeneeneeeieieneene

Sales of fruit & vegetable........... ;
Livestock sal€........coovveevvrevrnnnnnn \

Livestock products (e.g. butter or'milk)..................c.....

Off-farm activity (busine
Remittance.................... :
Rental income......., R W
Other (please specify)...........

2. What was your total farming and consumption expenditure in annual basis (please put the expenditure in
terms of Birr)

Consumption expenditure...........cccceeeeeeeeenen.
(Expenditure for food, cloth, other...)
Labor (any labor cost related farming activity)...................

Purchase of farm tools................
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Purchase of fertilizer
Purchase of seeds
Purchase of chemicals inputs
Draft power........cccoeveeveeenene.
Rent of farm machinery

Other expenses.........ccccveeeenne.

3. If you are user of farm inputs, how much you produced from a hectare (4 -Timad) of land.

—

Legumes With inputs A\ V/
Yield (qt) In 1rr

Haricot bean /4 \ V/

Faba bean N )

Chickpea /i

Pea/ Field pea y/

Other legumes i

Legumes

Income (Birr

Haricot bean

Faba bean

Chickpea

Pea/ Field pea

Other legumes

5. Have you faced marke

roblem in selling of your product that produced using improved farm

inputs?
Y [N [
If your answer is yes for the above question, what is the challenge you faced in selling of your

harvested legume crops?

No surplus product for sale I:I distance of market I:I
No potential Buyer |:| other (please specify)

Poor price offered I:I
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7. Give your response on the level of your argument on the marketing problem you faced in legume grain

market as given below

Challenges for marketing | Very big | Big Fairly big | Small Not a
of legume products problem problem problem problem at all
Distance to market is very
far
Very few buyers
Transport cost is very high
Prices offered is low V
Impassable roads ﬂ\ /
There is oversupply of the /4
commodity in the market \ >
Quality not acceptable to @ : /
buyers \ / 3
Other (specify) /
\
7. Please fill the level of production that can e ough using improved farm inputs and the level

of income earned as requested here :

A

Type of | Plot

crop hectar

Consumption

(Qt)/annum

Sold

Qt

Birr
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8. If you are use Irrigation? Yes I:l\lo I:I
9. If your answer is yes question #8 what source of water do you use for growing crops?
Stream |:| community pond I:I
Lake I:I dugout I:I
Deep or shallow well------- -I:I other
Small pond---------------- I:I
10. If your answer is yes question #8 which crop growing? — 7
Vegetable i
Cereals \
Oil seed C
11. ;
One------------------
Three------------------
12. erage irrigation on crop types & annual
income.
Type of Crop Selling price in | Total price per
quintal annual
13. Livestock production and/marketing
Livestock ownership and estimated market value
Ro.No | Livestock type How many [...] do you | What is the current market price of
currently own? your [...]? (Birr) (if more than one
livestock, take average price)
1 Milking cows
2 Non milking cows
(mature)
3 Trained  oxen  for
plowing
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4 Bulls

5 Heifers

6 Calves

7 Mature goats

8 Young goats

9 Mature sheep

10 Young sheep

11 Donkeys

12 Horses

13 Mules

14 Mature chicken
15 Traditional bee hives
16 Modern bee hives

Selling

Have you
sold any
[...] over
the last 12
months?

1 =Yes2=
No

Quantity sold

months?
1 =Yes 2=
No

Quantity
bought

Average
price
(Birr/unit)

1 Milking cows .

2 Non milking cows \
(mature ) \

3 Trained oxen for 4 >4

. =

plowing

4 Bulls ——

5 Heifers /4

6 Calves

7 Mature goats

8 Young goats

9 Mature sheep

10 | Young sheep

11 Donkeys

12 Horses

13 Mules

14 | Mature chicken

15 | Traditional  bee
hives

16 | Modern bee hives
Animal products

1 Milk and Yoghurt

2 Butter

3 Cheese

4 Eggs

5 Beef
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Mutton

Honey

Hide

Skin

=IO |00 (|

0 Manure

15. If you are influenced by the technology adoption, please indicate your level of agreement with respect

to the following traits?

Item Strongly Disagree | Neutral | Agree | Strongly agree
disagree \ \)
Increase in my yield level from legume | 1 5
production /
More income generated from legume | 1 4 5
production
I got more respect in my community | 1 4 5
after adopting legume technologies
I opened a small shop in a town 1 4 5
I built a nice house 1 4 5
I save more money than before 1 \ 4 5
I started to diversifying my activities 4 5
after adopting the new technologies ( \3
Other impact (please specify....) \\ 1 >~ 2 3 4 5
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