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ABSTRACT

In Ethiopia agricultureis the backbone of national economy and source of
livelihoodfor mostof the populationDespite its importancehe agricultural sector in
Ethiopia is characterized by low productivigue to soil nutrient depletion and low
external agricultural inputsThe main objective of this study waentifyingthe key
determinants farms€decision to adopt soil fertility managent technology and its
effect the adopted technologies on rural households€ farm income ifcBsga
Damot district. The study was relyingn crosssectional data from 222 randomly
selectd households from different agr@ogies and key informant inteews. The
data were analyzed using Heckman 4stage models and simple descriptive statistics
using STATA software
The first stage of probit regression results tfe study show that the adoption
decision of soil fdility enhancing technology wadriven byhouseholdsé@ge, farm
size,size of family, number ahe labor force position of land@&ducation, acces®
credit, livestock,farm experience anawareness at a statistical significarscel he
study finding confirmedthat both partial and complete SFM adoption lead to
significant increases in farm income and net crop value. In moister kebele,
complementing improved varieties with inorganic fertilizer seems magsbrtant,
while in drier kebeleenhancing it with orgawi fertilizer appears crucial. SFM is
related to higher labor force, but also significantly increases farm income. These
findings imply that SFM can contribute to improve farmers€ livelihoods by breaking
the nexus between low productivity, enmimental degadation and poverty.

The second stage result show tisail fertility enhancing technology adoption
increaseshouseholds farm incomger timad. This implies that farmers should be
encouraged to adopt soifertility enhancing technologyTherefore, the study
suggested that, thpolicies makers should bexpandd the accessibilityof credit
service, dissemination of productive agricultural technology information, and creating
opportunity of education fofarm house hld has potential to increassoil fertility
enhancing technology adoption decision and strengthen the leaeloptionamong
smallholder farmers.

Key words: Timadsoll fertility, technologyadoption,enhancement
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CHAPTER ONE

INTRODUCTION
1.1Background of the study

In Ethiopia Agriculture contributedor about 52% of the GDP and 85% of the
population is dependent directly or indirectly ibr{(Debebe, 2019)While agriculture
is growing at 1.6% per annum, the population of the country is growia@%t rate
andthus,is expected to double biye year 2020(Debebe, 2019his indicates the
need to increasthe productivity of agrculture to keep pace witthe population to
ensurean adequate supply dibod in the future Accordingly, the government has
startedon a massive agricultural extension program since 1994/8ildate the use
of improved crop production technologies, keey component of which is chemical
fertilizers (Biru, 2016) However the adoptionand intensity of fertilizer application,
by smallholders remained very low despite government efforts to promateits

Ethiopiais one of the fastesgrowing economiedrom developing countrief
Africa. In the last decade, the EthiopiBconomyregistereda growth of 11 percent
per annunon average in Gross Domestic ProdugbP), (MoFED), 2014) compared
to 3.8 % for the previous @cade (World Bank, 20} 2s cited in(Biru, 2016). In case,
it is rated as one of the fastest growing {adnexporting economies irthe world.
Accordingly his growth has beebasically supported by relativelyrigh growthin
farming (MoFED, 2012).Hence the role of agriculturein the Ethiopianeconomy
cannot baunderscoreBut, it is undermined by land degradati¢shibiru, 2010)

Land degradationn subSaharan countries is largely an outcoafighe existing
agricultural production system which is sources of poor agricultysehctices
characterized byncertain rainfall and low inherent land productivity
(Alelgn, 2011) Agriculture-basedlow-income countriesreversethe decline of land
productivity resulting from environmental degradation, and ensuringquade food
supplies to the fagirowing population is adifficult challenge. Agricultural
technologies playan immense role in increasing food productivityherefore,
agriculture is useful to examine the adamti of technologies among households

Agricultural technologies are said to include all kinds of improved technigods
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practiceswhich affect the growth bagricultural outputJain 2009.

Agriculture is the dominanteconomic activity and is characterized by low
input, low output farming. The farming system incorporates crops and livestock.
Thus, the adoptionof soil fertility managementechnology is the best solution to
increasing households€ income by impmg\wsoil fertility and to reducinghe use of
organic fertilizer(Jain, 2009) The adoption of composthemical fertilizer, manure
technologies and sustainableagricultural practices that enhance agricultural
productivity and improveenvironmentaloutcomesremains themost practical
option to increasehouseholdséhcome food securityand poverty alleviation. The
adoption of composand manuregechnology is very important fasmalkholder
farmers by reducing theost offertilizers (Biru, 2016) The objective of this study
will to assesghe determinarg of soil fertility managementechnologyadoption

behavia of smallholde subsistenefarmers and its impact omouseholds€ income

Dega Damotworeda is a comfortable place and the main source of
households€ income Bn agricultural product. But agricultural productivity is
reduced gradually due the shotage of adoption of new technology by cause of
poor soil fertility. Othe factors identifiel included lack of awareness; labor force
effect education, age, land quality, seemnomic factor and the like affects
agricultural productivity. Despte the achievemerg in addressig thes
constraints fertilizer use amorg smallholde farmess remainedbelon expectations
thus necessitatig further investigatian into the emergirg determinarg of fertilizer

use amorg smallholde farmessin the highland of Ethiopia.

1.2 Statementof the problem

In SubSahara Africa(SSA) countriesJow and declining ofsol fertility dueto net
nutriert extraction by crops and soil erosiomare responsitké for low agriculturd
productivity and food insecuriy (Hassan 2010; Nakhumwa and Hassan 2012)
According to Sancheet al. (1997 indicatal tha among othersthe breakdown of
traditiond soil nutrient managemeénpractices becauseof population pressures
responsike for nutrient depletion in SSA But, different researchersargue that



populatian pressue inducehouseholdto strengtienagriculturd production inved
inlandimprovemens and devel@ land savinginnovatiors eventualy resultingin

enhancedesoure conditiors and possibl improvedwellbang (melese, 2018)

Farmers in rural areas of Ethiopia have been facing the challenges of declining
agricultural productivity. One of the key reasons for this is decreasisgil nutrient
degradation due to poaoil fertility managementSince the 1970s;the Ethiopian
government has intervenedtime agricultural sector to overcome this problem through
the promotion of various land ansbil managemerttechnologies such asompost and
manure However soil degradtion has continued leading to decline in agricultural
productivity (Alelgn, 2011) Low agricutural productivity, poverty angdoil erosion
areclosely related problema Ethiopia Farm productivity inEthiopiais very low asa
result of lack of agricultural inputs, due tooutdated farming, deforestation,
overgrazing, decliningoil fertility, and continuous soil erosion, depleti@inorganic
matter, uncertain land tenure and recurrent droughts, all in combinatitim high

population pressure ( Algh 201).

West Gojjam is naturally endowed with ample natural resources and good
potentialto producescosystem service$he basin is suitable for the growth of a wide
range of tropical, subtropical and temperate crops. However, the area has been
continuously exploited for the historical development of agriculture and human
settlement and the present condition is very afBimane el 2016). Soil resource
under intense pressure from population groswiti poor management, asdil erosion
are very serious and its adverse effattagricultural production has been continuous.

As a result, the livelihood of the farming comnity faces sever constraints related
soil erosion, soil acidity, the decline of soil fertility, water scarcity, and shortage of

livestock fodder.

DegaDamot woreda i®ne of the marginalized woredas found in west Gojjam.
The woreda ischaracterizedby high soil erosiondue to poor soil management
coupield with rugged topography. The farmers in this woreda have been used the land
for different purposes without considering sustainability of the topsoil resources. As a

result, the productity of the soil hagbeen abjectly declining the last few decades

3



and without fertilizer most land does not produce good agricultural products.
Moreover, some land gigeoff their service to the community. Theport of the
district agricultural develapent office showed that fertilizer the land ratio in the
district was 810 kuntal organic fertilizer petimad whereas the recomended level
was 1520 kuntalorganic fertilizer and above 100 kg inorganic fertilizer perad.
This is another rason whith has made this ardse chosen for the study to identify
constraints of soifertility enhancing technologgdoption However, there is a dearth

of information on the determinants of low adoption of this specific technology,
involved as well aghe effect on household incomesd the usage and adoption of
those technologies are below the recommendaiionfill this gap this paperwas
intendng to evaluatewhich factors affect the adoption of soil fertility management
technologyand the impact of soil fertility enhancing management technologes

householdsé&gricultural incomen DegaDamot district.

1.3 Objective of the study

The objective of this study is to examine the determinants of solil fertility
management technologies and their impact on households€ agricultural income in
Dega Damot district. The qualitative and qualitative research design was employ for
this study.For the attainment of objectives key informants€ interview, document

analysis and observation was used as a source of information as described hereafter.

1.3.1 General objective
The main olgctive of the study was examinefactorsaffecting thedecision to

adopt soil fertility enhancing practiceand itsimpact on household€sgricultual
incomein Dega Camotdistrict
1.3.2Specific objective
0d To idertify the factors that affectarmers€ecisionto adoptsoil fertility enhancing
technologies
0 To evaluate the impact of soil fertility management practicehaumseholds€ farm

income

0d To identify soil fertility managemeréchnologies used by householdsE.
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1.4Research question

The main research questions seb¢éoaddressed by this study are;

ou Whatare soil fertility technologies used by farmers in Dega Damot district?

oU What are thdactorsthat affectfarmer€decision to adopof soil fertility management
technologies in Dega Damot distfict

oU To what extentsoil fertility management technologiesigtion improvehouseholds€

cropincomein Dega Dama?

1.5 Significance of the study

Farmers are not always adopting the newly introduced technologies that come to
them fromany extensionorganization as it isSo understanding #se factors is
important forscientists to develop and generate agriculturalneldgies, which suit
the current conditions of farmers. There are several reasaalyancan studying the
adoption of soil fertility managementechnologies.These contain improving the
effectivenessof technology generation, to asse$® effectiveness of technology
transfer, understanding the role of policy in the adoption of rgmcultural
technology, andsignifying the impact of investing in technology generatidine
participationof farmers in technology development throutjie provision of their
preference and incorporation of local idea was very limited otherwiseexistent.
Therefore the study tried to identify important factors which hinder succesthén
adoptionand its inpact on agricultural income.

1.6 Scope of the Study

The study wasssessed to identify the kdgterminants ofarmer€glecisiors
on theadoption ofsoil fertility enhancingnanagement technologiease(compos,
manure and chemical fertilizers) ants impact on households&gricultural

incomein the rural area of Dedaamot district

1.8 Limitation of the study

The researcher had encountered the following limitations:



0 The absence of the previous research on related problem on study area.

0d Thestudy was faced time and financial constraints.

1.8 Structure of the paper

This study is organized into five chapters. Chapter one is introduction and it
comprises the background, statement of the problem, research objectives, research
guestions, ignificance, scopelimitation and organization of the study; chapter two
about review of related literature. Chapter three tries to introduce description of the
area and research methods which discusses location, demographic aretsnormic
profile of the study area; research desand approach; types and sources of data;
sampling techniques and data collection tools; and techniques of data collection.
Chapter four contain with result and discussion. Chapter five consist conclusion and

recommendation



CHAPTER TWO
Theoretical literature Review

2.1 Definition and concepts soil fertility management practice

In this study the researcheeviewsdifferent existing researas which are done
ontheadoption of soil fertility management practices and theories that have been used
to know this behavior. While several studies have been conducted to exytgin
farmers (disadopt new practices, there seems to be growing concern suggesting that
focus shold be tailored towards local contexts that reflective of potential adopters.
We review this literature focusing on farmers€ local context regarding their
local knowledge; practice characteristics; farm and farmer characteristics and the

institutional factors that influence farmer adoption behavior.

Farmers have developed traditional approaches to enhancing soil fertility and
conservation such as: the use of organic manure (mainly from livestock and compost);
fallowing; mulching;and intercroppingBwambale, 2015jnaking their knowledge in
soil fertility management a subject of interest. Although practices such as fallowing
can no longer be extensively used in many areas due to the competing land use
demands as caused by increased industrial growth and popubaéissures, a
combination of manure application, mulching and intercropping with scidrasstd

approaches to soil fertility management remains plausible.

Various studies have been conducted to understand factors that motivate farmers
to adopt mproved soil fertility management practices (Baumgzsetz, 2008{Pulido,
2014) In addition, theoretical frameworks have been used to understand and explain
the adoption behavior of farmers including the diffusion of innowati (Rogers,
2003), planned behavior and reasonetionFishbein, 201Q)However, in spite of all
these studies and theoretical frameworks used, there remains a lack of consensus on
which elements could be the primary drivefsadoption. Besides, efforts to relate
farmers€ attitudes and behavior to personal, contextual and farm attributes have largely
failed.



Therefore, the study argue that farmer decisi@king to adopt new soil fertility
management practices is a qadex process contingent on multiple factors:
biophysical, economic, social and psychological. These can only be understood by
using a holistic approach that integrates farmsbaracteristics, farm attributes,
contextual factors and farmeoerceptions aboutthe specific practices that they

consider adopting.

2.1.1 Definition and concepts of technology adoption

Technology defined as the knowledpat permits some tasks to be accomplished
more simply, some service to be rendered or the manufacture of a product.
Technology, therefore, is aimed at improving a given situation or changing the status
guo to a more desirable level. It assists the applicant to do work easier than he would
have in the absee of technologyBonabanaVNabbi, 2002)

(BonabanaNabbi, 2002) defines adoption of technology as the decision to
accept that technology i.e. the decision of an-@s&l to accept an introduced or
existing technology. Adoption of an agricultural technology accordin@emabana
Wabbi, 2002)has two dimensions, thus: adoption intensity and the rate of adoption.
Adoption intensity deals with the level of adoption whiles the rate of adoption deals
with the number of adopters over a given period. The rate of adoption is the relative
speed wih which farmers adopt a technology. The technology could be an entirely
new idea or an already existing qiBnabanaNabbi, 2002)

The concept of technology adoption could be better conceptualized through
understandinghe difference between technology adoption and diffusion, which are
highly interrelated but distinct concept#gricultural technology is a specific
mechanismintended to facilitate production in agricultural activityTechnology
adoption is an &tion degyned to improve preexisting means of agricultural
production. For that reasgnagricultural technology is one of the resources in
agricultural productionTechnology adoption is measured at one point in time while

technobgy diffusion is the spread akw technolgy acrosshe population over time.



Technology is described as an idea, practice, or object that is perceived as new
by an indvidual or groups oociety. Technology adoption tise use or nonuse of a
new or improved technology bgn individual or farmer at a giverepod (Bonabana
Wabbi, 2002) Additionaly, technologydistribution is defined athe process by which
a technology is communicatdatiroughoutcertain channels over timieetweenthe
members ofsocial systemsit signifies a group of phenomena, which suggests how
technology spreads among users. It takes place at the individual level and is the mental
process that starts when an individual first hedrsut the technology and ends with

its final adoption or rejectio(Biru, 2016)

If the objective of the farming community is to increase agricultural production,
it is clear that adoption of agricultural technology is the key instrunmsiead
of simple expansion of agricultural land which migbkt hazardous toneironmental
conservation.In support of this,several studieshown that sufficient agricultural
technologies are available in developing countries ibcrease agricultural
productivity. Although literaturgooints out tothe existence of sufficient agricultural
technologies in Susaharan Africa to increase food production, an appropriate policy
environment coupled with an active technology transfer program haslddeng
(Biru, 2016) To improve this, several studies have been conducted suggesting the

importance of agricultural technologies for better agricultural productivity.

2.1.2 Components of technology adoptiomnd Sustainable agriculture

According toTagel (2018)he definition of technology diffusiosummarized by
using the following four core elements: The technology that represents the new idea,
practice, or object being defused, Communication channels which represent the way
information about the new technology flows from change agents suppliers (extension,
techmology suppliers) to final users or farmer, The time period over which a social
system adopts a technology and the social system. Over all, the technology diffusion
process essentially encompasses the adoption process of several individuals or farmers
overtime. Further, another study l§yagel, 2018defined 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 te telement of time irthe

adoption of a given technology to the farmers.

Sustanable agriculture isin agricultural system involvingraixture of sustainable
production practices isombination with the discontinuation atite reducedise of
production practices whickare potentially harmful to the environme(Bhekani,

2020) Thisideais concerned with developirggricultural technologigwhich do not
adverselyinfluence the environment, effective anelsily accesible to farmers and
results inthe improement of food production and haubsitive effects on the
environment(Bhekani, 202Q) Sustainableoroduction systems must be developed to
meet current food requirements and also preserve the important natural resource base
that will ensure that future production is not hapaixland hence, meets future
generation€s food deman(Rorter, 2011) This generally means that the current
generation can meet their needs without compromising the ability of future
generations to meet their own needs as well. As noted by Francis and Ratigr (2
sustainability implies thamaintainng economic productivity whilst being concerned
with naturalfoundation, social implications, and impacts of farmaxgivity. Thus,

this involves developing production systems that are resilient and hence, can continue

for theindefinite future.

2.1.3 The use ofsoil fertility managementand its impact onfarm income

Fertilizers are inorganic or organic plant foibkht may be liquid or solid used to
amend the soito improve the quality and/or quantity aefops produced. They are
materials thaare added to the soil to supply elements needed for plant gfltrt,
2013 They raise soil fertility thus thability of the soil to provide plant nutrients and
resources that support growth mcreasingplant nutrients duringhe cycle of growth
and decay. Theganalso reduce the cost of production since they can raise yield with
marginal increases in total cost per hec{&abert 2013.

There are two broad groups of fertilizers: 1) organic fertilizers, and 2) morga
fertilizers. Inorganic fertilizers are from inorganic sources whiles organic fertilizers
are mainly from natural organic sources or manufactured using mainly organic

materials(Alimi, 2006). The term forganic, means carbonaceous material or material
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containing carbon. Fertilizer is defined as any material, organic or inorganic, natural or
synthetic, that supplies plants with the necessary ntariear plant growth and
optimumyield (Bhekani, 202Q)The use of fertilizer has a significant contribution to
enhancing agricultural productivity. Consequently, the demand for fertilizers all over
the world continues to grow higher and without fertilizer use, farmersniyl be able

to produce half of the required staple food crops and as a result, there will not be
enough food to feed the growing world population which is anticipated to be more
than double by the year 2QBbbert, 2009)Agricultural productivity can be achieved

by producing more per unit of land with agricultural inputs or via expansion of area
under cultivationHailu, 2014) However, land expansion is less possible gigsnes
involving urbanizéion, poor infrastructure and technologgnvironmentalconcerns,
political issues,and increased population pressure and hence, agricultural output
increment is expected to emanate from producing more from the less available land
through agricultural intesificationBhekani, 202Q)

Agricultural intensification is defined ascreased average inputs of labor or

capital on a smallholding, either cultivated land alone or on cultivatecyeaming

land, to increasing the value of output per hectgBhekani, 202Q) Therefore,
agricultural intensification can be defined as an increment in agricultural production
per unit of inputs (for example, land, labor, fertilizer, etc.)cieally, intensification

is achieved whethe total production is increasbdcaus®f enhanced productivity of
inputs or when agridtural production is sustainedhile otherinputs are reduced
(FAO, 2004). Agricultural intensification can be achievedrahgh either of the
following: a) increased gross output in fixed proportions as a result of a proportional
increase of inputs, b) transmissionwyds more valuable inpytstechnical

improvement which enhances land productiy@arswell, 1997)

According toAlimi (2006), agricultural intensification is a critical way of ensuring
sufficient production in smallholder farmingventhough agricultural intensification
can be viewed as a tool for simultaneously alleviagiogerty and food security, it is

also believed to pose severe threats to the environment through natural resource
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degradation, and hence, agricultural intensification can be viewed as both an

opportunity ad a threat to the environmegtdimi, 2006).

Even ifthere are no external inpuapplyto repairnutrients consumed by crops

and washed away by soil erosion, plots of land require to be rested wmp&fughed

for longer periods. Bwever, due to increasing demands for food in Africa, this has
become more difficul{Bhekani, 202Q)As a result, this necessitates the application of
mineral fertilization as one of the important inputs in crop producti@nbt@ancecrop

yield and soil fertility. The nmeral fertilization process involves the use of manures
and inorganic or mineral fertilizers which supplement plant nutrients to soils
characterized by low ropoor fertility and it begarabout the year 1880,ebame

practiced commonly in the 1920s and it was adopted largely sinceR8$02006)

2.1.4 Implications of using inorganic fertilizer

Inorganic fertilizers are usually processed and produced from mineral deposits
(e.g. lime, potash or phosphate rock) or industrially prepared through chemical
processes (e.g. urea), (HussaifG&ipta, 2014)Inorganic fertilizers are also known as
mineral or chemical fertilizers, and they have relativejnmutrients that are released
quickly for plant uptake as compared to organic fertilizers which require time for
decomposition before they are consumed by the crop |Matris e. a., 2007)
Examples of inorganic fertilizersommonly used are straight fertilizers made up of a
single nutrient, mostly nitrogen (N), phosphorus (P) or potassium (K) and compound
or mixed fertilizers including one or more macronutrients or some traces of zinc and
boron elementgMorris e. a., 2007)Inorganic fertilizers require to be applied at least
two times within the growing seasagither basally during planting or tajressed at
the vegetative growth stage and they are usually available to crops immediately for
consumption),(Husain &upta, 2014) However, chemical fertilizers are also
notorious for their high cost and the negative effect they impose on the environment
after some time which often involves the damage of soil struenudetexture which
consequently leads to soil erosion and notadeaching (Morris et a007). Hence,
the use of inorganic fertilizer in smallholder farms is low due to poor purchasing
power (Husain &Gupta, 2014)
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2.1.5 Implications of using organic fertilizer

Organic matter encourag#ise formation of crumb soil structure thus improving
soil drainage, infiltration and aeration. The dark colors€ that form with increasing
organic matter content improve so@niperature relations with an effect of boosting
important microbial activities and root developmédtganic fertilizers include
manure and compost. Manure is mainly from farm animals and other livestock. They
are the droppings of poultry, ruminantsdaother animals that are rich in nutrients
(Bary, 2004)

Organic materials are decomposed in composting plants under controlled
conditons to produce the end prodwehich is used as a fertilize€ompost caralso
dissolved into a solutiorgalled compost tea and given to crops. The quality of the
compost will depend on the quality of materials used in the process. Compost can be
obtained from the market or sgifoduced by farmers. There are available manuals
that farmers canse to make theitcompost.Composts are quite common and easy to
obtain(Bary, 2004)

According toBary (2004),uncomposted manure is sometimes difficult to spread
and has a higher potential to degragater quality than compost. Manure is more
likely to contain weed seeds but requires a lower investment of time and money,
manure has the potentialrfbigher pathogen levels bl#ss expensive to purchase or
acquire compared to compostlors€sometimesose a problemBoth compost and

uncomposted manure improve the tilth of the soil.

Organic ertilizers mainly constitutanimal manure, compost, animaaste;crop
residues, green manure etc, and they supply nutrients and also add soil quality by
enhancing the soil structure, chemistry and biological activity in the soil.
Consequently, smaficale farmers who are concerned with ensuring environmental
sustainablity, use organic fertilizers for sustaining the health of their crops as well
(Husain &Gupta, 2014)(Bhekani, 202Q)Organic manure is applied to crops through
the following methods: broadcastinganding, and spot application and consistent
application of organic fertilizers improve soil organic matter, reduce soil erosion, and

improve soil water holding capacity, increase soil biological activity (Husain
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& (Gupta, 2014) Thus, Q@ganic fertilizers enhance lortgrm productivity and soill

biodiversity and thus, environmental sustainability.

Organic fertilizer adoption positively influences agricultural productivity, and
those farmers who choose to adopt orgdeidilizer obtain higher yields which

indirectly result in increased household incorttésilu, 2014)

2.1.6 Factors affecting technology adoption

From the extensive review of the literature on technology adoption in developing
countries, by(Tagel, 2018)the various factors that influence technology adoption ca
be grouped into the followinghree broad categoriestactors related to the
characteristics of producerdactors related to the characteristics and relative

performance of the technology and institutional factors.

The factors related to the characteristics of producers include: education level,
experence in the activity, age, sex, household size, level of wealth, farm size, labor
availability, risk aversion and capacity to bear risk, etc. The factors related to the
characteristics and performance of the technology include food and economic
functions of the product, the perception by individuals of the characteristics,
complexity and performance of the innovatiantechnology, its availabilityand that
of complementary inputs, the relative profitability of its adoption compared to
substitute technologs, the period of recovery of investment, the susceptibility of the

technology to environmental hazards, etc.

Similarly, a study byTagel, 2018)dentified assets, vaerability, and institutions
asthe main factors aéicting technology adoption. Assets deal withethe farmers
have the requisite physicdlmateria) and abstract possessions (e.g. Education)
essential for technology adoption. Lack of assets will limit technology adoption and it
is recommended that devplag countrieshould promote technologies with low asset
requirements as they are likely to have higher adoption eatesigpoor farmers.
Opennesdactors deal with the impact of technologies on the level of exposure of
farmers to economic, biophysical arsbcial risks. Institutionscomprise all the

services to agricultural development, such as finance, insurtauiities and
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mechanisms that enhem farmers access to productive inputs, produ

informationspreading, embedded norms, behaviors and practices in society.

According to(Tesfaye, 2008)he Sshaped curve implies that few farmers initially
adopt new technologies. However, as time goes, an increasing number of adopters
appear. In the end, the trajectory of the diffusion curve slows and begins to level off
attaining its apexHas also a similar idea but he underlined the importance of
information. He noted that because of fear of risks associated with the introduction of
new technologies, at early stages, few adopters acquire full infornfatsfaye,

2008) Hypothesizedthat the Sshaped diffusion curve is meaningof the extent of
economicvalueof theoriginal technology, the amount of investment required to adopt
the new technology and tHevel of ambiguity associated with the new technology
(Tesfaye, 2008)

2.1.7 Importance of Agricultural Technology

Agricultural technologyis an action designed to improvexisting meansof
agricultural production. Therefore, agricultural technology is one of the resources in
agricultural production (Chi and Yamada, 200Phe aim of technological change is
to maximize output by increasing agricultural production in order to meet the high
food demand. Adoption of new agricultural technology has long been recognized as
one of the key factors in increasing productivity in the agricultural sector and therefore
farm productivity will tend to remain low for as long as farmers continue to use lo
yielding-inputs and technology. Adoption of innovations refers to the decision to
apply innovation and use it (Oladele 2005). On the other hand, the intensity of
adoption refers to the number of technologies practiced or the extent of adopting a
specifictechnology by the same farmer. The extent of adoption is determined by the
farmers knowledge on a new technology and (gideje0t®cision tc
The objective of the farming community is to increase agdtical production, it is
clear that the adoption of agricultural technology ihe key instrumentfor the

improvement agricultural productivity.

In shore upof this, severalstudies have shown thaufficient agricultural

technologies are available in developingountries to increase agricultural
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productivity. Although literature pointout the existenceof sufficient agricultural
technologies in Sulsaharan Africa to increase fopdoduction,an agpropriate policy
environment coupled with an active technology transfer program has been lacking
(Makokhaet al., 2001 as cited inBiru Gelgodube in 2008 To improve this, several
studies havébeen conducteduggesting the importance of agricultural technologies
for better agricultural productivity.

According toUaiene etl. (2009) the issue of improving agricultural productivity
can beaddressed bthe adoption of better agricultural technologi&$ey argued that
unlessnew technologies are adoptedn increase in production will be slow posing
rural poverty toremain widespread. Due to this, in most parts of Ethiopia,
intensification of agricultural technologies continues to be necessaryethance
agricultural productivity. To ensure this sustainaltiyyas importanto address core
problems related tthe availability of agricultural technologies for farmers. This helps
to ensurethat smallholderdave access tthe right technologies inhe form that is
appropriate to their local conditions accompanied whghright information (IFDC,
2012).In Ethiopiafarmers have little chance to adopt new agricultural technologies on
their farmsdue to several constraints such as low human cagitahrily low level of

farmers€ educatidispielman et al., 2010).

2.1.8 Factors influencingthe choiceof soil fertility enhancingtechnology

The aoption of soifertility enhancingtechnology has been linked &everal
factors. These are broadly categorized into econonutora and no+economic
factors. Economic factors mainly focus on price, costs and/or returns to factors of
production while noneconomic factors include social, cultural, community,
institutional and plitical factors. Few variables consistently explain why farmers
adopt(dorthy, 2017) Some variables explain adoption in specific studies. These
include concern for environmental threats, the soil erosion ratencorde.
Others, such athe level of education and steepnesstlo¢ slope, are frequently found
to influence adopton. Some variables, such as farmer age and farm size, are
positively correlated with adoption in some studies but negatively correlated in
others.
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2.1.81 Economic factors

Economic factors that influence fertilizase among others inadesthe price of
fertilizer, price of other inputs that complement (for example, seed) or substitute
fertilizer use, price of crgprevenueand opportunity costselatedwith production and
marketing rsk. The enpirical literature suggests that fertilizer use is sensitive to
changes in its price awell as the price of crope whichit is applied.In
particular demand fol particular typéorand of fertilizer €.9. nitrogen) is derived
demand, price elastic and influenced by the ceriof other types/brands of
fertilizer (dorthy, 2017) The price and/or availability of other inputs that complement
and enhance fertilizggroductivity, for example, hybrideedand irrigaion, also play
an important role irfarmer...s decision to use fertilizer. Similarly, the price and/or
availability of other inputs that substitute a variety/brand of feetilas well influence
its use(dorthy, 2017)The wedge between the high price of fertilizer on the one hand
andthe low price of output onthe other, especially fdarmers inSSA is one of the
major factors that make them reluctant to deeibput.(Morris M. V., 2009 Observe
that demand for fertilizer is often weak in Africa because incentives to use fertilizer
areundermined by the low level due tagh variability of crop yields and thieigh
level of fertilizer costgelative to crop priceSmaling, 200Gndicate for example
that farmers in Africa require 611 kg of grain to purchase one kg of nitrogenous
fertilizer compared with about-2 kg of grain in AsiaHigh fertilizer prices in SSA
are mostlyattributed to hightransactn costs of fertilizettrade arising from high

transportation costs, high interest rates and low volume of purcftasesory, 2017)

The decisiommaking process to adopt new agricultural practices depends on both
intrinsic factors such as knowledge, perceptions atitbdesand extrinsic factors
such asthe characteristics of the farmergé education, social network&rming
experience), biophysical characteristics (soil quality, farm size, slope), farm
managemet characteristics (land tenure, labor source, wealth) and the external

(contextual) factors (information sources and type, market accesggdetthy, 2017)
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2.1.82 Non-economic factors

According to (Langyintuo, 2005) noneconomic factor€Categorize which are
influence farmers decisions to use agricultural improved inputs as farmer
characteristicsinstitutional factors and characteristics of the inplauseholdand
institutional chaacteristicanclude sex, age, educatidmusehold size, farm sizand
farmers€ organization access to information, access to credit, and access to
infrastructures. Characteristicef the factor input relate to the subjective atites of
the input as perceivdaly the farmer(dorthy, 2017)

Gender of householplays an important role in farmsg decision othe adoption
of soil fertility managementechnologies. A recent study kMayenga, 2008)ndicate
that use ofagricultural inputsincluding inorganic fertilizer in Uganda is more

prevalent in male than femateadedouseholds.

2.1.9 Soilfertility management technologypractices

Soil conservation measures have been promoted by researchers and extension
agenciesin Ethiopia (W/Mariam, 2005) However, technolgies have not been
practiced byall farmers in different parts of theourtry with variety of reasam
including lack of awareness afne application of technologies, lack of tools or
material to practice thergShibru, 2010) This is true in the study area, during the time
of field survey sample households were asked vargnik fertility maintenance
technologies whether they use or nithe mostcommon practices and the constraints

on their implementation are outlined below.

Fallowing: The traditional method of restoring soil productivity is fallowing, or
mistigao. According to (Shiferaw, 2010)Farmers said that yields on irrigated land
decline if they continuously grow three crops a year without any fallow period. The
decision to leave a field fallow is not a matter for an individual farmer cmden. It

is agreed by a group of farmers, who select a site where they want to create a uniform
piece of grazing land for the village herds. Fallowing thus also has an important
function in the livestock production systeiirhe timespan offallow periodis varied
according to thenatureof soil. Reguidsoils were commonly left fallow for one year,

while rekik soils were left for two to three yegShiferaw, 201Q)
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Crop rotation : As fallowing, crop rotatioris no longer possible they now rotate crops

on the fields away from their homesteads, whotiain very little manure. Farmers
choose which crops to growing rotation according to how they adapt to the soil and the
rainfall pattern.According to(Shiferaw, 2010the major crop rotations practiced by

the farmers we interviewed arBarley, wheat, barley Teff , barely/wheat teff,

Teff, vetch, teff, Barley, chickpea barle

Most farmersassumehat starting the rotation with teff or other cereals and then
planting chickpea or vetch improves crgpeld more than rotations based solely
cereals However, crop rotations in the region are dominated by cefdashoice of
crop rotation is mainl influenced by the desire to reduce tieed forlaborintensive

land preparation or weeding.

Manure: It is practiced in the study area by all local farmers in three selected kebeles.
Farmers explain that animal manure is the best form of organic matter when added to
the solil. It improves or sustains soil fertility, texture and structure and increases wate
holding capacity(W/Mariam, 2005) Even those farmers have not livestock they
collect dung from communal grazing land and use it on their farm land to increase
their land fertility and productivity. However, discussion wigyknformants revealed

that the application of manure on all plots is impossible because of the lack of fodder
for animals and decreasing livestock number. Therefore, the production dung is very
low. In addition, the majority of the local community usesva dung for domestic

energy.

Livestock hasvarious functions in the production system. Oxen are essential and
indispensable for preparing land and threshing grain, and farmers keep cows, sheep
and goatsas a source of stable income. Poultry previdod and cash, and donkeys
are used fortransport. The existing livestock management system does not include
practicesfor improving the quality of manure roManure is an important input for
maintainirg and enhancing solil fertilityfFarmer€ distingush between two types of
manure;zikereme dukie or hussend zeykerenaukieor alebgShiferaw, 2010) The

first type of manure is gatherehd allowed to decompose durititge rainy season.
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The Alebamanure is collected dung thedry season and does notdecompose as

much as the other type of manurehdsless direct effect on cropelds.

Compost: It is an excellent soil fertility building technology which supplies a wide
variety of plant nutrients. It also creates a favorable environment for soil -micro
organisms(W/Mariam, 2005) Even though all respondents knowledgeable of this
introduced technology as it maintain soil fertility, all farmers did not implement it in
their farm field. According to Algin (2011, farmers prepare it from livestock dung,
plant leaves, various weeds,usehold waste produces, straw, top soil, water and other
organic materials that available in their surroundings. Farmers describe the reasons
why all farmers apply it. Thesare lack of awareness and labforce about
preparation system it is a cause of thisease (locallynich ena gunifansince it has
high evaporation and bad oddalfote ena kirifate during its preparation time and
compost preparation is taking a long period a minimum threethwounntil it
fermented. Compost is prepared aboveghmurd (heap during thewet season and

below theground fit) during the dry season (Shelemew, 2005) and (Alelgn, 2011).

2.1.100Overview of soil degradationin Ethiopia

Ethiopia isone of the least developed countries where agriculture had always
played a central role in the country€s econoBwen thoughagriculture has always
been thebasisof the economy, its characterized by stagnant growth rate and a
declining trend. Thiss mainly the result of the low productivity of the sector. The
rapidly increasing population has led to a declining availability of cultivable land and
a \ery high rate of soil erosion {@mayehu assef2007) The farmers€ perception is
not in agreement ith scientific knowledge that acknowledges livestock vaittabove
carrying capacity ofjrazing areas and deforestation as major causes of soil erbsion.
is also impotant to discuss various factocausinga differencein perceptionabout
causes oboil erosion among locgbeople as thisvill most likely lead to solvingor
arresing problens considered not critical withmost of the rural community.
Education is one factahat appears tmfluence on local people€s perceptafrthe
causes of soil erosmo Soil erosion is a major cause of land degradation in Ethiopia
(Fikiru, 2009; Fitsum et al., 2002%0il erosion reduces soil productivity mainly by
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harmfully affecting soil nutrients, infiltration of water and air into the soil, soil water
holding capaity, soil tilts and the surface arrangement of the soil. The amount to
which soil losses affects its productivity depends on many factors, among which the
most important are the land use type, management and the capacity of remaining soil
to support plangrowth. Despite variations in such factors, soil erosion generally
removes the more fertile portions of the soil as result of the productive capacity of the
remaining soil is usually lower than it was before ero@teign, 2011)

To gain further insight ifarmers€ knowledge of lamgtoductivity and how it
was affected by erosionfarmers wereinterrogatedon what criteria they used to
determineGoodsoils. Discussion with key informants proved that farmers in the study
area divided their land into several plots for various purpdsasersclassify fields
based on certain critical criteria. In this study ostyl fertility enhancementriteria
were consideredspecifically level of soil fertility and crop incomeln the study area
most field holdings tended tirict (W/Mariam, 2005) from the ‘ery steep hill slope
to Gentleslope segments. Therefore farmers were in a positonexpress their
perceptions for each slope positi@hibiru, 2010) The degradation antbss of soll
resulting from soil erosion atlver the country was estimated to be ab@uillion tons
per yeaEHRS, 1986), of which arourtb percenbccurs o crop farmlands and 21
percent occurs oovergrazed rangelandshibiru, 2010)

2.1.11 Soil fertility and crop productivity
Soil fertility is a complicated quality of soils that is closest to plant nutrient

management. Soil fertility is the component of overall soil productivity that deals with its

available nutrient status, and its ability to give nutrients out of Wwe ceserves and

through external applications for crop production. It combine a number of soil properties

(biological, chemical and physicalall of which affect directly onndirectly nutrient

dynamics and accessibility. Soil fertility is a controllabdeil property and its

management has greatest importance to optimizing crop nutrition on botheshoend

long-term source to accomplish sustainable agricultural productivity. Soil productivity is

the ability of a soil to support crop production deteraai by the entire range of its

physical, chemical and biological attributes. Soil fertility is only aspect of soil

productivity but it is a very important one to increase households€ farm income. For
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example, a soil may be very fertile, but produce ontielvegetation because of a lack of
water or unfavorable temperature of a season. Even under appropriate climate conditions,
soils vary in their capacity to create a suitable atmosphere for plant roots. For the farmer,
the decisive property of soils isdin chemical fertility and physical condition, which
determines their potential to produce crops. Good natural or improved soil fertility is
essential effective agricultural productivity. It is the foundation on which all ibpséd
high-production systes can be building.Soil scientists classify soils by different
classification systemdn earlier times, the classifications at national level were be based
on easily familiar features and relevant soil properties for croppingtypainames were
generdly well understood by households€. Even on a higher classification level, the
partition into zonal soils (mainly formed by climate), int@nal soils (mainly formed by

close relativematerial or water) andonal soils (young alluvial soils) was easy tamwn
Modern and globascale classification systems are based on developmental aspects and
resulting special soil properties. A common one is the system of soil types developed by
FAO and the United Nations Educational and Scientific Cooperation Organizatio
(UNESCO) used for the World Soil

2.1.12 Conceptual framework of adoption of agricultural technologies

The aloption of agricultural technologies is influenced by several interrelated
components within the decision environment in which farmeperate. For
instancgKebebe, 2015)identified lack of credit, limited access to information,
inadequate farm size, insufficient human capital, tenure arrangements, absence of
adequate farm equipment, chaotic supply of complaary inputs and inappropriate
transportation infrastructure as key constraintth&rapid adoption of innovations in
less developed countridsarmers witha bigger land holding size are assumed to have
the ability to purchase improved technologies #ral capacity to beaherisk if the
technology fails Some new technologies are relativelpdasaving and others are
laborusing. For those labor using technologies, like improved varieties of seeds
compost, manure and fertilizer labor availability ygasignificant role in adoption
(Kebebe, 2015)
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Figure 3. 1 conceptual framework of the studgdapted from(Tagel.2018)and
(Kebebe.2015)

2.2Empirical literature review

2.2.1 Soil fertility management technologypractice

Soil fertility is declining in many parts of s#®aharan Africa (SSAjMitiku,
2010) One of the major constraints to crop production faced by smallholder
subsistence farmeiis the inadequa supply of nutrientgMitiku, 2010). The use of
mineral fertilizers is declining as they are increasingly beyond thensnef most
smallscale farmergMitiku, 2010). Erosion and sere runoff are extra depleting
existing soil nutrient reserves, while levels of smigjanic matter igleclining when,
land is subject to oveuse. Sustaining soil fertility has become a major issue for
agricultural research and developmentEihmiopia (Mitiku, 2010). In the past, most
research consisted of trials to determine the appropriate amount and type of fertilizer

needed to obtain the best yields for particular soil types and specifieegapical
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locations. Sincehien, research has gradually shifted towards an approach based on
Soil Fertility Management (SFM), which combines various existing soil fertility
management techniques. This approach is based on a thorough scientific
understanding of the underlying biologicprocesses of SFM and aims to promote

options that make the basde of locally available inputs.

2.2.2 Agricultural incomemeasurement

Agricultural incomeis a measure of the efficiency with which inputs are used in
agriculture to produce aoptimal output (EEA 2002, Ruttan 2002Lrop incomeis
said to be optimal when the combination of inputs produces a maximum output. Its
measurement is an important tool for planning and developmertdiatexfendalew,
2011). Increased production is important if it is a result of impropextiuctivity. The
most conventional measure of productivity is to divide total output by a composite
index of all inputs used in the production process (EE@22DayaRuttan 2002, cited
in (endalew, 2011)However, it is difficult to aggregate variety of outputs and inputs
into a single index to nasure productivity This approach also overstates or
understateshe productivity of inputs when inputatios change whout a technology
change Gebreeyesus 2006, cited(@sdalew, 2011)

2.2.3 Factors affectingfarmer€sknowledge and perceptions orsolil fertility

managementtechnologiesin Ethiopia

There are different literatures Ethiopia about determinants of farmers€ adoption
of soil fertility management technology in different parts loé tountry written by
differentresearch organization&s different literature reveals that, there are different
factors that affect farms€soil fertility management technology adoption decision
Some of the factors that affect farmers€ decision on soil fertility management
technologypractice are explained bellow.

Awareness about thesoil fertility enhancingtechnology adoption is often
influenced by farmers€ access to information (Bart@etz, et al2012 Lambrecht,
Vanlauwe, Merckx, &Maertens, 2014; Prokopy, et @008) and social networks
within which the farmers interact (Greiner, et al., 2009; Knowler & Bradshaw, 2007,
Pannell, et al., 2006). Access to information increases farmers€ awarenesge¢hgmb
Vanlauwe, Merckx, et aR014) and evaluative capacity of existing soil mamagnt

practices (Prokopy et aR008, cited agNaboth, 2015) This in turn influences
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farmers€ views about the practices (perceptions) based on their felt needs and prior
experience Besides technology attributes, studies suggest that farmers€ perceptions
towards adoption of soil fertility management practices #&@ngly linked to their
experiences and knowledge about the practices in question (Meijer, et al. 2015;
Reimer, et al. 2012 For instance, (Meijer, et al. 2015) argue that the knowledge
farmers have about a new practice closely relates to their perceptiwards such a
practice which together frame the farmers€ attitude as whether to adopt the practice or
not.

Farmers€ perception about the performance of agricultural technologies
significantly influences the decision to adopt thé@wangi M. a., 2015) Farmers
might identify that the performance of the technology being introduced is better than
the earlier technologies. However, though they hapesitive perception about the
specific technology, thegnay not adopt ibecause of a lack of knetwow to use the
technology, financial shortage or other constraints. Thus, positive perception is not a
guarantee for a farmer to adopt a given technology. The results of a study comucted
shashemeron adoptiomof agricultural technology showed that a farmer with low plot
fertility has a positive perception toward adoption of farm technology. This might be
due to farmers€ expectation of better returns ftbenadoption of this technology.
However, in Ethiopia, specifically iDegaDamot woreda, though the plots of some
farmers are not fertile they have never adopted soll fertility enhancing technology.

In all these studies there is a consensus thahers€ perceptions towards
technology attributes influence their adoption behavior of those technologies.
Farmers€perceived characteristics of the conservation practices were a powerful
prediction of adoption within two watersheds in the United Statddwést region
(Naboth, 2015)

Livestock: The results of a study conducted in shashemeni on adoption of
agricultural technology showed thatreasehe availability of manure, which may be
applied to the soil to increaseil fertility. However, specialization on livestock rather
than cropping may reduce investment in crops in terms of soil managémemietu,
2011) In different studieslivestock, ownership was assumed to incredse

availability of manure and Hypothesized that ownership of cattle incretmes

25



likelihood of adoption of manure and its integration with inorganic fertilizers. Income
from off-farm labor (Offincomes) may compensate for missing and imperfect credit
markets by poviding ready cash for input purchases as well as for other household
needs thus increasirtge probability of adoption. In addition, efarm income may
increase the ability of households to bear the risk associated with technology adoption.

The major constraint tahe adoption of organic fertilizer was found to be low
livestock holding. This was reported by about 26.58 percent ofmteure fertilizer
nonadopters.They reported that they do not own enough livestock which may
provide them manureThis shows the importance of livestock holding in organic
fertilizer adoption where the low livestock ownership could be the cautdee tdw
adoption rate of organic fertilizer.

Lack of adequate laborwas the second constraint tioee adoption oforganic
fertilizer. Organic fertilizr adoption is relatively labantensive requiring more labor
both for its preparation and application on the farm compared to chemical fertilizer.

Thus, lack of adequate labor for its preparation could decrease |iscedi@te.

Inadequate knowledge related to organic fertilizer adoption in terms of compost
preparation was another constraintthe adoption of organic fertilizer. This was
reported by about 69.68 percent of the 1adlopter household¢Biru, 2016) noted
that the preparation of organic féi#er is knowledgeantensive. This implies that low
skills related tothe adoption of organic fertilizer could limit adoption of organic
fertilizer as farmers may face difficulty ipreparing this fertilizer, specially,
composting which has been commonly used in the study area. High transaction costs
associated witlthe adoption of organic fertilizer weralso one of the reasons reported
as constraints of organic fertilizer adoptidinis was primarily for those farmers who
lack livestock and tend to find this fertilizer from other sources. For such farmers, high
transaction costs coupled with their low capacity to provide finance couldthmit

adoption of thidertilizer.

Education: of the farmer is considered pmsitively influence the farmer€s likelihood
of adopting a new technology or practice because farmers with better education have

more exposure to new ideas and information, and thus have better knowledge to
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effectively anajze and use available informatiofNaboth, 2015)While most studies
consider education in terms séveralyears of formal education, the categorization of
education by (Baumgafbetz et al. 2012) seems more appropriate. Intrest to

formal education, it reflects knowledge farmers attain through other means such as
extension programs, workshops, and field days. Meijer et al. (2015) consider farmers€
perceptions as their views of a given technology in terms of their felt a@eldgrior
experiences. In relation to land degradation, Pulido and Bocco (2014) define farmers€
perceptions as the causes and status of land degradation as detected and expressed by
farmers on their lands.

The decision of farmers to adopt sodnservation practices begins with their
perception of erosion as a problem. These perceptions are shaped by fpersenssl
characteristics (e.gage, education, conservation attitude, norms beliefs) and the
physical characteristics of the latelg.slope).Most of thestudies havevaluatedhe
household heads€ educatibrlevel as the main determinant ofoil fertility
managementechnology adoption. However, even though the household head is not
educated, if the education level of any of familymber is higher than that of the
household head, this may affect their decision to adopt new tech(ileiggn,

2011) Thus, there is a need to evaluate technology adoption based on the highest level
of education of any of thhousehold€s family members. In cont(Bst, 2016)stated

that providing a platform for regular interaction of agricultural experts with farmers
could enable farmers to adopt new technologies to boost their production. He
explained that this is valuable as it helps in gaining insights and sharing experiences

amongst farmers and experts.

Farmer€ personal characteristics such as age and education also play a critical role
in framing their perceptions towards adoptidkthough this aspect of perceptions
towards technology adoption has been widely studied, there is a dearth of literature
aboutthe influence of farmer perceptisnowards adoption dfoil fertility practices,

thus warranting furthanvestigation(Tsehaye T. , 2008)

Most researchers believe a priori thedlucation of the household heasl

positively related to technology adoptioMany studies report that education has a
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positive impact in the adoption of inmgwed natural resource conservation
technologiegAlelegn, 2011) Education was measured as years of formal schooling of
the household head. Because the survegetinologies are knowledgetensive,
higher education iexpected to increaghe probabilty of the adoption of soil fertility

enhancing technologyractices.

Age: Other investigations done by Biru (201&)n farmers€decisionto wards
adoption of technology show thage of the household head (Age) in explaining
technology adoption is somewhat caversial in the literatureOlder people are
thought to be reluctant to change their old ways of doing things. The influence of age
was analyzedfrom perspectives of riskvarsion rather than time lag (planning
horizon) because the technologies under the study yield bendfiesrelatively short
term. Therefore, because the use of inorganic fertilizers andoitshination of
inorganic andorganic fertilizers is a relatilg new phenomenonthe age of the
household head is expected to be negatively associated with the adoptions. However,
age is expected toe positivelycorrelated withthe relatively traditional practices such
as manure and compost, whidre usedto increase soil fertility asa result of

agricultural income

Off-farm income: as Alelgn(2011)suggested thatff-farm incomeis positively
associated wittlthe adoption of soilfertility management technologyAccording to
Tagel (2008) offfarm income is a dummy variable that denotes whether or net off
farm income was the main source during two crop growing sedmjose the2006
long rain season. Because all the surveyed inputs either require cash for purchase
(inorganic fertilizers) or for lming laborto apply the inputs, it was hypothesized that
off-farm income would be positively associated with the adoption of inorganic

fertilizers, manure, compost and theambinations.

Most studies agree thdabor scarcity (abor) is often an ogrative constraint in
farming systems. The effect of tlaboravailability often depends on whether the new
technology idaborsaving orlaborusing. When facindabor shortages, farmers may
be less likely to adodaborincreasing technologies and thengerse would apply to

adoptlaborsavng technologies Ratz, ET. al. (2003) He stateshat Kenyan dairy

28



farmers, who facdabor shortages, were unlikely to adopt dairy technologies that
require mordabor. Labor availability was measured as the proportion of household
members who contribute to farm work. The practices studied hetalamantensive
and high availability oflabor whether household or hirddbor is hypothesizedo
increasehe probability of theadoption of all the studieBFMT practices.

Extension service several adoption studies have shown the significance of
extension education dhe adoption of landmproving technologies (Pattanayak et al.
2003).According to (Bonabona et al, 2006 Informatisnmportant forthe adoption
of complex innovations such as IntegatPest Mnagement (IPM)Access to
extension is indexed as a dummy denoting whether or not the household access to
extension services wilh five yearsbeforethe study. This variable wds/pothesized
to be positively associated with the adoption of the relatively ...new€ practices such as

inorganic fertilizers and a combination of rganic with organic fertilizer.
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CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Description of the study area

The study area is drained by bagmporal and permanent riveisis the sources
of many rivers and streams. As it is the high land relative to its neighboring District
this makes its rivers are outflow into its neighboring Districts. The major permanent
rivers areGimbara, GumaraFendila andKkechem These and otheivers and streams
are used for both human domesind livestock consumption. T&@me extent rivers
and springs are used for irrigatiphlelgn, 2011)

Figure3. 2 Map of the studyrea (prepareftom Ethio-GIS database)

3.1.1Soll
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As it has been explained by the District rudalvelopment experts (2011) well
known type of soil found in the study area include, nitosols (locally known as key
shekilama afer which typically found inhighland of the District and the other soil
types is camisoledbrebor afej this kind of soil also by and large foundwiona
degaand in steep slope areas it is not as much of fertile. The other familiar solil type is
vertisoil (locally merery owalika afer) this soil type mostly covered the low land
region inthe vast kolla agroclimatic zane. This soil property is quiettrying and

logging by its nature.

3.1.2Climate

Climate is one of the major physical factor that shédggehuman way of living,
human activities, human settlement pattern and type or species and distribution of
animals and plants. The major climatic factors that affect environmental phenomena
are rainfall and temperature. As the study area has great ard#marnaopography
its climatic zone also differenh altitude such that the major ageimatic zones of
the study are 75 percent Dega(Temperate), 20 percent Woina DedJa{pidal) and
the remaining 50 percent Kolla(Tropical) (DDDRDO, 2013).

According to natural resource expertise (2011) temperature is decreasing when
altitudeincrease within the District. Thearimum tenperature is occurring from nid
March to midApril where as the coldest temperature is on the other hand occurs in
July and Augst because the skg covered by clouds throughout the d®ega
Damot District has a unimod&rm of rainfall distribution.This means that the rainy
season ranges from June to September or it has one rainy season in a year. Sometimes
it may be exteneldto October and December. From June to September for the study
area is summeikiremit) season and the mmaagricultural activities takelace during
that time. The average maximum anntehfall occursin July with the amount of
25.3 mm and the mininm annualrainfall also occuren February with th@amountof
0.13 mmfrom 2016 to 2020The rainfall distribution isliverse with in different agro
ecological zone so that Dega part has better rainfall\fth@inaDegaand in asimilar
way Woina Degds also better thaKola region.

Table3. 1: Average maximum and minimum monthbinfall distribution of Feres
Town from20162020in mm
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Month Sep |Oct | Nov Dec| Jan | Feb | Mar | April | May |Jun |July | Aug
Minava |3.38 |[0.92|1.08 |0.08 |1.42|0.13|0.86/0.82 |0.72 |4.43|11.66|9.51
Maxave |8.83 |4.64 3.85|142 |0.08|1.13|7.09|10.22|10.22|14.4|253 |14.2

Sources: District municipal office, 2021

3.1.3Natural Vegetation

The study area has dissimilar agreologic climate and topography there are a
variety of vegedtions that covered lantbrms. However, the extent of natural
vegetation has been much reducing, due to expansion of agricultural land; overgrazing
and cutting of trees for construction and domestic fuel consumption. As a result, land
cover change is increasing and natural vegetatemoiing reducing in number and
species.

The indigenous natural plants in Dega Damote District inclugabmoo
(Kerkeha), SchefleraGetem), Acacia(Gim, Ficusvasfa (worka), FicusSkolla),
Oliva (woira), Haginia (Kosso), Polystcha (Anfar), BemsaAzamerd, Fobia
(Korich), juniprusfid), Albniza (Sesa), Mesozoygia (Injori), Rosa Abyssina (kega)
and other shrubs and grass vegetation are found in the study area by scattering in
different places. Especially, indigenous treesmostly concentrateth churches and
river banks and some trees also fanend on farm lands and communal grazlagds.
Bamboo forests are the dominant indigenous forest thas plgseat role for financial
sources for the District because it is exported to other citiesegiohs. Kossois rare
spices among the most endangered spices trees in the study area, which is becoming
extinct now form different places. Eucalyptusrests have been the dominant
introducetrees for the last three decades because it can adapt alnakagioc
ecological zones and by its nature is fast growing and multiplying easily (Animal
dung and crop residuals are the major souotetomestic energy next to fuel wood.
No other alternative source in all rukabelesven urban has got eclecpower since
2011(DDDRDO, 202}

3.1.4Land Use Pattern
The land use pattern in Dega Damot District is dividing irséweralfunctions.

These include: crop land constituted 38.4 percent, uncultivated land also
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accounts10.5percent, Settlement (for housing and institution constriction)1§hare
percent, forest cover 11.5 percent, bush land also contains 5.9 tpgastare land
constitute 18.%ercent and other like road, water and swamp lands @9gvercen

This figure shows crop land share large amount of land area and fowestisalso
relatively better tharthe national forest coverage because countries forest cover
accounts from total land only 3 percent.

Table3. 2 Dega Damot land coverage

Land use Area in hectare | percent
Uncultivated land 6876.4 10.5
Crop land 25262 38.4
For housing 6883.3 10.5
For institution 1093 1.7
Grazing land 12179 18.5
Forest land 7581 11.5
Bush land 3912 5.9
Other like road, 1940 2.9
Water,swamps lande..

Total land 65726.7 100

Source:Dega Damot district agriculture office.2021

3.1.5Population and Settlement Pattern

According to DDDRDO the total population of the District is 101, 236. From this
total population 99.95 percent Amhara ethnic group, 99.97 Amharic speakers and
99.95 percent ofnihabitants practiced EthiopianrtBodox Christianity. Among the
entire p@ulation 98.23% are rural and (1.76 percent) urban dweller. Of the total rural
dweller, (49.9 percent) are male and (50.1 percent) are female where as from the total
urban 3351 people 1482 (44.23 percent) male and 1869 (55.79 percent) are female.
From theabove figure it can conclude thihie sex ratio is proporticste meaning the
number of male and female almost equal. Total male 49.81 % and female 50.23%.

Total household head also 39726 and average house hold size is 6.38. The proportion
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of urban and rier population proportion has greatfdifence. This indicates thatost
thepopulations found in Dega Damot District are rural dwellBopulation settlement

in Dega Damot District is scattered and dispersed. The majority of the population is
settled infoot hill side by forming small village with small number of people and the

average population density is 27 person per ha.

3.1.6 Economic Activity

Agriculture is merely economic activity excegor urban dwellers. Almost all
people depend on tensive agricultural activities. Evethoughthe majority of the
population depends on this sector, gneduction level is very low. Due to back ward
agricultural activity, low technology, soil erosion, deforestation anarmahg
population growth. As asult of this the per capita income of the geap very low
and decreasing an alarming rate (DDDRDO, 2021

Agricultural production system in the gty area is crop and livestacKhese
systems are the predominant activities that exist imwadr the district (DDDRDO,
2013). Different types of crops are producing in a great extent in the study district but
vegetation and fruits are producing in some amo8ame of the dominant crops that
are producing includesereals (wheat, barley, tefand maize-), pulses (bean,
Pea--), and oil seds (nug, fteliba,, Cabage

3.2Data types and source

Both primary and secondary data sources were tosgelt relevant information for
the study.The primary datafrom field observationwas collected to answer the
reearch questions which are cleseded and opeended items andchievethe
objectives of this study. The primary source of data could be the number of rural
farmers engaged in farm activity amtho reside irDega Camot woredaat the time of
the survey. And secondary data sourgeas any published and unpublished written
materials such asreport, journals, articles€ apdpers a well as internet sources that
containavailable information abouhe determinants of soil ferti{i managemenand

its impact on households€ income for the study used.

3.2.1 Sample size and Sampling procedures
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For this studythe researcher were used multistage sampling procsdummgling
techniqueto selectthe sample household# the first steppurposively sampling
technique was used to select the study area. In the second stage stratifying sampling
technique used bgtratifying degadamot woredan three agreecolayy criteria and
then select the thrdeebelefrom each and aftahis sampléhouseholds@&asselectby
using the formula which is raised beldwm thethree stratunkebele determine the
total sample size from eadiebelestratumand then finally used random sampling to
interviewed by giving equal chance because of ubehold homogeneous
characteristics by any aspegis suggested byamane {967) sincethe population

number (number afrgetedpopulation)is known in the study area.

Table 3.3 total sample size of the household

The selected kebeles | Target populatiorf Sample size
in each sampl¢ of the
selecteckebele household

Zikuala wogem 192 85

Fenkatit 174 77

Arefa medehani alem | 136 60

Total 502 222

The following formula can best provide the required sample size for this study.

= = C ):n:222

Where; n is sample size, N is the population size (total number of the households in
the threekebele} e is allowable margin of error (level of precision) ranging from 0.05
to 0.1. Margin of error shows the percentage at which the behavitbre cdample
deviates from the totgbopulation The smaller the margin of error the more the
sample is representative to the population at a given confidence level. Therefore, for
this study, allowing the smallest possible margin of error (e 5)0tfe btal sample

size wa222households
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To calculate the sample size of the thkebele

For Zikuala wogem —— =85
For Fenkatit - =77
For Arefa medehamlem - =60

3.2.2Data Gathering Instruments

3. 2.2.1Questionnaire

An appropriate objectivand subjectivaype questionsvere prepared for farmers
to collect dataDetail discussion was made with my advisor regarding¢hevance
and clarity of questionnairdseforefiled survey. The respondents€ in the study area
are Amharic speakers. Thus theestionnairesvere translated in to Amharic. As it is
estimated majority ofarmers€ irthe study area cannot read and undedstha design
guestionnaire and appropriately put their idea. &oymerators will beneededto
forward them. Therefore, three enumerators were hirediministeiquestionnairdor
the sample householgeads, forenumeratorgraining was given.This training was
helped them to aware of the content of gnestionersMethodsof data collection and
recording system and in addition how to approaching the household heads peacefully
to made them willing for the reasons. Thaestionerwere administeredby the
enumeratorso household heads at each selected kebeiksg§e (gots) in different
place such as at farm filedund construction placehurch, and at their home. When
the household head was not willing to answer the questitrer were shifted to the
next household headn the three selected kebeles, enumerators and the researcher
were collected datsimultaneously

3.2.2.2Key informant Interview

Detailed interview wasmade with keyinformants The keyinformants were
including leaders of religious and community, aged persobé&s and their
supervisorsandfemalehousehold headsatural resource experts of the district were
also the interviewees. The interview was forwarded by the researcher at different
places such as churdiea houseand orientatiorfmeeting) centers and farmers house.
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3.3Method of Data Analysis

The data collected from the field were summarized and organized by different
methods. Quantitative data were analyzed using descriptive statistical maticbdss
frequency distribution, mean, and the econometrics model and percentage with
different Tables while data gathered from interviews and observation were analyzed
and described qualitatively.

3.3.1 Analytical framework

To select theappropriag¢ analytical model that considerthe interrelationship
between the thre@puts, itis necessaryo start wih one basic assumption aboutdbe
inputs. The assumption wathe interdependence of the decision to use chemical
fertilizer on the decision tose manure or the decision to use manure on the decision
to ue compost orthe decision to use chemical fertilizer on the decision to use
compost and vice versdhis means that there reciprocal causation between the
three variables in affecting one another, and are also being affected by other factors
like farm characteristics, household characterisbestance of farm from farmers
homestead (kpfarm land size, household size anders.

3.4Methods of data analysis and modelecification
In this study, both descriptive statistics aseconometric model were used to

analyze the data.

3.4.1 Descriptive statistics

In this studydescriptive statistics such as mean, standard deviation, percentages,
frequency, 1 test, Chisquare andwvere used to analyzéhe dataand to compare
adopters and neadopters in terms of explanatory variables.

3.4.2 Econometric mode

The dependentariable in this model ia dummyconsisting of two outcomes, yes
or no and continuousIn this case, the use dhe Ordinary Least Square/OLS
technique for such variables shanference problems, and thus not appropriate for
investigaing dichotomouslependent variables. In thesndition maximum likelihood
estimation procedures such @isher logitprobit model are more efficient (Gujarati,
1995).
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Several investigators used different models for analyzing the determinants of
technology adption attheagricultural farm level. Viaous adoption studiaessel Tobit
model to estimate adoption relationships with limited dependent variables while,
others usethe doublehurdle modelHowever, it is possible to use Heckman€s (1979)
two-stage procadre in case ofhe anticipated problem of selection bias in the sample.
In one studySample selection bianight arise in practice for two esons. First, there
may be sekselection by the individuals or data units being investigated. Second,
sampleselection decisionsccurred,by data processonsork in the samemanneras
selftselection. Selection biaswas expeced in this study because among the
representative not all heaholds are believed to participatesmil fertility enhancing
technologyadoption due to individual problem¥he Heckman twsstep selection
model allows for separation between the decisioadmpttechnologyand the levebf
their application. The modleses in the first step a probit regressioanalyzefactors
that affect thesoil fertility enhancing technology adoptiaiecision and in the second
step usesdeckman twestep sample selection model determine theémpact of soil
fertility enhancing technology on farmers€ agricultural inc¢@reene, 2007and the

method correct sample selection bias.

The fundamentahssumption of this study was concentrate ofarmers€ choice
on the adoption of agriculturatechnologies to improvénouseholds&gricultural
income by improvingsoil fertility management.This implies that households€
agricultural income is a function of determinants of soil fertility enhancing technology
adoptiondecision.
Yik = tixi + Tik, y={k=1, 2, 3)seescecsecscecsce (1)
Y= {1if Y >0 and 0 otherwise
Y= latent variables which are not observable,
i=the number of farmers wHive in the district
k= the number of technologies which are adopted oradopted by} farmers who
lived in the distict those technologies are (1, 2, 3; l=compost, 2=manure and
3=chemical fertilizer)
" i=are parameters of the model,(t; 13 ..... Ty are the coefficients associated with

each explanatory variableg XX,eex i)
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e= the disturbance term which is unobserved
Xi = a vector of exogenous variables which affects thiimers€ choice to adopt or
not adopt from the three technologies to increase their income by improving soil
fertility in the district.

In the first stage of the model deals with the adoptiecision equation which can
beexpressear the probitequationsas:
di =t + 1 )

Where; ¢ is an unobservable choice of adoption decision and also known as latent
variable, xis a vector of explanatory variables hyipesized thaaffect soil fertility
enhancing technology adoptidecision, and;us normally distributed error term with
zero mean ah constant variance. Then, the observed soil fertility enhancing

technology adoption decision is:
DI = {1 If dl* >0 and 0 |f d <O}.OO....... (3)‘

Where;d;" is unobservable choice of the technology by ifAéouseholdand D;
representsobservable "I household decision to participate in technology adoption; 1
if arespondent descrits®il fertility enhancing technologyse and 0 otherwise.

3.4.3 Heckman sampleselectionmodel
James Heckman has proposed an alternative to maximum likelihooddmétrain
is comparatively easy. étkman procedure yields consistent estimates of the

parameters but they are not as efficient as ML estenate

Heckman modeluses the following assumptions:

That is both error terms are maally distributed with mean Oyariances as
indicated and the error terms are correlated whegeindicates the correlation
coefficient.

(%)) ~ N (0,0,5% Suo ),
The error terms are independent of explanatory variables.
(%) is independent oX
Variance of the error term in the population and the correlatefficient

between the errderms areequalto one.
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Varu) = $,=1

Sample selection problem The key problems that in regressing adoption on
characteristics for those in farm activity we are not observing the equation for the
population as a wdle. Thosan farm activity wergendingto have higher income than
those not in the adopters would have (that is why they araduagtingsoil fertility
enhancing technologyHence the results wertend to be biase@sample selection
bias) .rho = estimate o, indicates the correlation coefficient ieen error terms as
in equation The Heckmanselection equation should m@in at least one variable
which is not in he outcome equatiorThis variable is an irstrumental variable
Therefore were ensuringthat coefficients in the Agricultural income equation are

identified.His method consists of a twsiep estimating procedure.

In Stepone in this study estimate the probability of farmers€ soil fertility enhancing
technology adoptiodecisionby using probit modelln this stage the study shows the
probit regression and marginal effect of probit outcomes of factors which are influence
the likelihood of small farmers€ soil fertility enhancing technology adoption decision

In step tvo the modelestimatesthe Heckman selection model by adding it a
varnable (invers mills ratio/ lambdpwhich is derived from probit estimate.

In this study there are two question which are lfg@havioral (i.ethe respondents€
adoptiondecision) and2) selection (ifthe respondent adopt soil fertility enhancing
technology what will happen their agricultural income).

Heckman provide some flexibility by treating these two questions ( the mind of
the respondent) separately with potentially different set of Masadénd different set
of coefficients€ for predicting these two outcomes behavior Vs selectike,jones

www.bandicam.com) . eckman two stage regression model become
= +(GE(Z,’ ) + CIIIIITIIITTITTY T I (4)

Where(Eis the inverse mills ratio which is estimated from first stage probit
equation?f it is significant it implies that the selection probability term of this study
does not work in unconditional expectation.

The second stage deals with the outcameation which uses sample selection

model The equation helps to determine the impact of soil fertilityhacing
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technology adoption on farmer@sm income An explained variable that has a zero
value for a significant fraction of the observation rieggiacensoredegression model
(referred to as modified censorednodelin this casepecause standard OLS results is
a biased and inconsistent parameter estimates (Greene, PB@2¢nsored regression
model seems the probiimodel wasused to deal with thémpact of soil fertility
management technology practio@s agricultural incomegoutcome) equation which

can be expressed as follows:

Where, Y is adoption X; observed variables relating to the i€th person€s adoption
decision and;%s an error term in the sample. Y is observed only for adopters, i.e. only
people in adopting get higher farm income. Sample selection (i.e. Have higher income

so adoption is observed)

The Heckman twsstep approach is based on the assumptions tkasdlection
equation and the conditional equations are related to each other through their error
term. When there is no relation between the error terms, there is no need to perform a

Heckman twestep model as there is no sample selection.

3.5 Definition of variables and their expected hypothesis sign
This study hasonsideredseveralexplaratory variables in modeling afoil fertility
enhancingechnology adoption behavior of farmers in the study arearddearcher

simplifies briefly the variables argliggestshe expected effect under this section.

Household Sex dummy variable representing the sex of the head of the household,;
where, 1=male and 0= female. Although many previous works have indicated the
insignificance influence of gender oneagrated soil fertility management technology
use, since females are customarily undermined in their economic and social
participation in the study area, it is hypothesized that female headed households use
less soil fertility enhancing technologhan th& counter part of male headed

households.
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Household Age is the age of the head of the household in years and it is a continuous
variable. Though it is empirical question, age in the study area is hypothesized to have
a negative coefficient showing thgpunger head of households have baemgher

probability of usingsoil fertility management technology.

Household educ in this study education is a dummy variable representing the
eduation level of the head othe household. Wheréiterate household hads
representl) andotherwise(0). A positiverelationship between soil fertility enhancing

technologyuse and education of the headlod household is expected

Household size It refers to the total number of household members within the given
household. According to ted(@013, laborconstraints affechousehold€s ability and
willingness to adopt and use a new technology. The larger is the family size, the more
labor is expected within that household. Accordingly; though family size is an
emgrical question, it is hypothesized for this study that it positively affects
household€soil fertility enhancing technologwdoption. Additionally, household
family size has no impact on the adoption soil fertility enhancing techno(&gy (

2016)

Farm size: This is the total area goped by the household timad This includes
plots of the householdheaded owns & rents in to grow its crops. The relationship
between farm size amatoption of agricultwal technologies isn empiricalquestion.
However; for this study, a positive relationship between farm size amgtiad is
expected as larger farmezanexperiment with new technologies on portion of land
without severely risking their minimum subsistence fo@djuiremeniDebebe,
2019)

Credit access dummy variable representing availability of credit to households from
credit institutions; where availabilitypf credit. 1=yes and 0=no and positive
relationship is expecteds access to credit increases in the rural area, then the cost of
transaction reduce. It implies that farmers are motivated to adopt soil fertility
enhancing technology in their cultivated land.

Off-farm income: includes earned noffarm activities andinearred rivate transfer

like remittance and government transfer). It is belieted offfarm income can have
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a positive impact orthe adoption of soil fertility enhancing technologyhen
househt€sincome increase, their rigkking behavior also increasthis may leado

a higher probabilityof modern agricultural inputs use. Thus, a positiglation is
expected.

Tropical livestock units: the total tropical livestock unit other than oxen owned by
the household obtained by multiplying total number of animal$ winversion
factors. Though an empiricgluesion, apositive relation is expected because of the
potential ofapplying manug obtainable from the livestock.

Farming experience: Several stdies examined the effect of farming experience on
adoption decision of ISFM technologidsarmers&Experience inagriculturehas an
influence on planning horizon. For instance, short planning horizons are equated with
older and more experienced farmers whay be reluctant to switch from traditional
methods to new practices (Yirga and Hassan, 2008). As farmers€ experience increase,
their planning horizons shrink and so the incentives for them to invest in the future
productivity of their farms diminish. Meover, younger farmers may incur lower
switching costs in implementing new practices since they only have limited experience
and the learning and adjustment costs involved in adopting SFM practices may be
lower for them (Marenya and Barrett, 2007). Fagrexperience was measured as the
number of years a farmer has been in farming.

Multicollinearity Problem : To testvariance inflation factor (VIFwere employed.

VIF greater or equal to 10 is an indicator for the existence of serious problem of

multicollinearity.

One of the important parts in this section issfeecify and hypothesizthe
dependent and explanatory variables that were ustbe imodel.

Table 3.3 expected effect of explanatory variables on soil fertility enhancing

technology adoption

Variable Nature of variable | Variable definition and measuremen| Expectation
Soil fertility Binary 1 If household usesoil fertility
enhancing enhancing technology, 0 otherwise.
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technology

adoption

decision

Age of the farm| Continuous Age of the household headtimeyear +/-
household head

Farm size Continuous Farm land size in hectare +
Household Continuous household labor force or number of +
labor family in working age

Family Size Continuous Number of family members +
Sex of farm| Dummy Sex of farm household(if female= -
head otherwise,)

Educational Dummy Educationalstatuesof the househoilc +
status head(1=litrate,0=otherwise)

Participation ini Dummy Participation in farm activity(il +/-
none farm have=1, 0, otherwise)

activity

Distance from | Continuous Distance from the residence of -

the residence

household to plot landof the

household heaith km

Sourceown€expectatior2021
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CHAPTER FOUR

4. Results and Discussions

Introduction

This chapter includes analysis of the collected data and interpretation of the
findings. As already stated in the objective type clos® @pen ended questionnaires
were administered to 222 sample household heads in Dega Damot District in three
selectedKebelesand questionnaires were aldorwarded to key informants. In

addition te results from field observation in the three selekédxtlesare interpreted.

4.1. Demographic and SocikE=conomic Characteristics of respondents
4.1.1. Demographic Charactestics of respondents on dummy/categorical
variables

The demographic characteristic of householddheeludes, sexand marital
status idllustrated.Table4.1, Additionally Table 4.1 indicates that from adbof 166
male household heads7 4espondents were Neadopters soil fertility enhancing
technology practices and 119 respondents were implemge®+M practicesThe
results showed that the proportion of male headed households were higher both among
the adopters and neadopters of organitertilizer compared to that for female headed
households. Among the adopters of organic fertilizer, the higher proportion of male
headed households could be due to better exposure that the male headed households
have to different technologies and trairsraglivered byextension agents. de heads
are more likely to attend community meetings and visit demonstration plots or

research centers compared to female h@&tR1, 2012)

Additionally from 192 married responderit$l sample households are adopters of
soil fertility enhancing technology and 81 respondents are not adopt soil fertility
enhancing technology and from 30 unmarried sample household head 19 respondents
are not adopters but the reaming 11 respondents dagteas. The proportion of
married household heads was higher among the adopters compared to the non
adopters implying that respondents who are the heads as a result of being married are
more likely to adopt organic fertilizer. This could be due to theyeancern that the

married households have to improve output at minimal possible cost over the limited
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and competing resourceg®artey et ai, 2013photedthat marriage increases farmer€s
concern for household welfare thus increasing farmer€s participation in agricultural
technology adoptiorAs Table 4.4, shows, of the total sample household headed in the
study area, 74.77 percent were males where as p&28nt house hold headed were
females. Among the adopters of soil fertility management technology about 20.4
percent of the households were ferdadéaded and 79.6 percent are non adopters from

56 female sample size and 33.9 percent of thabeded are noadopters and 66.1
percent are adopters from 166 male sample size. The result showed that the proportion
of maleheaded households was higher both among the adopters aadoyers of

soil fertility management technology compared to that for ferhabee households.

Table 4 1. Demographic characteristics of sample household head

Explanatory| Category | soil fertility enhancing technologies
variables
Non Adopters  Total Percentage p-value
adopters of SFM number chi® test
of SFM
Sex of HHs | Male 47 119 166 14.77 0.000***
Female |51 5 56 25.23
Total 98(44.14) 124(55.86) 222 100.00
Marital Married | 81 111 192 0.03**
status  of [ unmarried| 19 11 30
HHs

Source: own survey data (2021)

*** And ** indicates thasignificant level at% and5% level of significance.

4.1.2 Description of the first variable/treatment variable

The researcher€s treatment variable is the adopti@oibfertility enhancing
(SFE) technology practices. Specificallgcus on the two core practices of soil
fertility enhancing technology, i.e. the use of organic and inorganic fertilizers. To

account for differences in locally available resources, organic fertilizer refers to
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having applied animal nmare, compostand nanureon crop land As shown Table
4.2, the threeKebles household respondents apply soil fertility management
technology to reclaim soil nutrient degradation. As interviewed the respondent
additionally as indicates from the above table the respondenesifferent SFMT
like intercrop, crop rotation and improved seed in some extent as the researcher
interviewed and the respondent most of the time use organic and inorganic fertilizer
for soil fertility enhancement.
Compost: farmers have a low perceptiabout compost preparation time, method and
place preference. According to a key informant interview, farmers prepare compost in
front of their home during sun shine. This might causes, for Varieties of diseases for
the people in the study area. In the gtadea 26.58 percent of the respondent used
compost technology.

Chemical fertilizer: This soil fertility maintenance measure is not indigenous and it
is practiced by 61.71 percent of the respondents and 38.29 percent of the respondent
dose not adopts emical fertilizer. During the field survey, interviewee farmers
explain different reasons why all farmers do not used chemical fertilizer. Some feared
that their land may adopt this fertilizer and unable to produce a crop without it. Others
also argued thadue to increasing its price and lack of money to purchase it hinder
them from applying on their cultivated land.
Manure: It is practiced in the study area by the majority of local farmers in three
selectedkebeles.As the researcher interviewed, mosttbé respondents who have
livestock, use manure more and some extent. Farmers explain that animal manure is
the best form of organic matter when added to the soil. It improves or sustains soil
fertility, texture and structure and increase wdtelding capacity (Shelemew,
2005). As Table 4.2 indicates, 30.32 percent of sample household respondents have
been using animal manure. Even those farmers have not livestock they collect dung
from communal grazing land and use it on their farm land toease their land
fertility and productivity. However, discussion with key informants revealed that the
application of manure on all plots is impossible because of the lack of fodder for
animals and decreasing livestock number. Therefore, the productidungfis very

low. In addition, the majority of the local community uses animal dung for domestic
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energy. According to key informants, there is additional soil fertility enhancing
technology practice listed below.

Table 4.2: Type of solil fertility enhanaig technology

Type of SFM practice Category Frequency Percent
Compost Yes 59 26.58
No 163 73.42
Total 222 100%
Manure fertilizer Yes 68 30.32
No 154 69.68
Total 222 100%
Chemical fertilizer Yes 137 61.71
No 85 38.29
Total 222 100%

Source: own survey 2021

As hypothesized the reseaettshows the adoption level of organic and inorganic
soil fertility enhancing technologies in each sample selected kebeles by using chart.

figuelfihe adoption level of each fertilizeininheeashudglacead kebele
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kebeles of sample household head

Sourceiown survey 2021
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From the above chart conclude that sample household head used more manure
from soil fertility enhancindechnology typeAs interviewed the key informants there
is additional traditional soil fertility enhancing technology.
Fallowing: It is an important traditional method of land management practice in
which land is leaving idle for a certain period until it recovers or restores soil fertility
or it can sow with grosses or legumes crops djikéto in study area. According to key
informants, this technology is abundant except in from of grazing land rather than the
aim of maintenance soil fertility because shortage of farming land to produce crops for
family feeding.
Crop rotation: It is an indigenous soil fertility maintenance methbdt is practiced
by all respondents widely in the study area. According to key informants in the study
area, if they grow cereal type of crops in the first year then they grow legumes crops in
the next following year and may return to cereal crops onthihid year or they
continue other like potato. Farmers explain that the choice of crop for rotation depend

on food consumption for family and its market prices.

4.1.3Descriptive statistics of average farm income of household€s

The researcher oudme variable is agricultural income, measured as crop output
in the secalled name quintal (100kg) pamad (kg/tim) and it is measured in ETB
annually. In this study average agricultural/farm income of adopters from the
respondents was abo61294.35in ETB per annumAmongst the respondents who
have adopted and na@dopted soil fertility management technology practice, the
average farm income was abdit294.35 and28601.02respectivelyin ETB. From
this finding the researcher concludes thedopters hee higher average farm income
than noradopters. Thismplies a significant difference between adopters and non
adopters of SFM technology. The majority of sample respondent farmers more depend
on agriculture makes them give more concern produciiniyeasing technology such
as organic, inorganic and other mechanisms which enhance soil fertility to increase
agricultural productivity.According to Alelgn 2011 a household whose income
depends on farm activities does not have enough capital to use chisrtitaér in
Kenya thus theyto use manure to compensate outflow of nutrients. Moreover, the

difference of the average farm incomes among the adopters and taglomprs of
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soil fertility management technologyere found to be significant at 1 percent

probability level

Table 4.3 The descriptive statistics of outcome variables.

Average adopter of SFM Non-adopter of SFM P-value
income  of Mean SD Mean SD

HHs

Agricultural | 61294.35 | 41989.72| 28601.02| 85736.57| 0.00"**
income

Total 66641.52 | 49532.28| 24450.94 24618.16/ 0.00***
income

Note SD = standard deviation.-\alue =statistical significance of differences in
means between those who adopt SFM and those who datn@fo level of

significance

4.2 SocicEconomic characteristics of respondents
In this section the researcher describasfferent socieeconomic characteristic of

the household head includes Education;faffn activity, and agricultural income of
the household head, land size aivédtock holdingaccess to credifThe response of
sample household heads has been categorized as continuous/discrete and
dummy/categorical variable and summarized in table below.

The age of the household is an important factor that affesfpondents€ their use
of soil fertility managemenilhe result shows that average sample household age was
59 and the minimum and the maximum age of respondent was 23 and 96 respectively.
This implies that household in the study area are middle ddexinean age of the
household heads who don€t adopt SFM land management practices were 57.18 and the
mean age of household heads who adopt soil fertility enhancing tegkinaractice
were 42.86. Thepalue indicates that, there assignificant mean differeze ata 1%
level of significance on age between household heads who implement and who don€t
implement SFM technology.
Farm experience is also one of the samtonomic factors which affect framers in

acquiring information and their skills in their life spaas it influences their
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understanding of farming activities. Farmers can observe success and failure in crop
production and other ways. This could help them to weight the performance of modern
and indigenous soil fertility management technology measurésadevelop more
confidence to take risk related to farming practice.

The researcher survey result indicates that the average livestock holding was
about 6.4 among the adopters and 4.90 among theadmpiers. Thdact that the
livestock has thegiential resources (animal manure) for organic fertilizer preparation
could make the number of livestock units to be quite important for adoptiogariior
fertilizer (Tefera et al2013). Due to this, the larger average livestock holding shown
among theadopters possibly had intensified specially for organic fertilizer adoption
compared to low livestock holding farmers. The difference was significant at a 1
percent probability level showing the importance of livestock in the adoption of soil
fertility management technology. The number of livestock owned was presented in
terms of the tropical livestock unit (TLU) giving different weights for different types
of livestock.

According to Runganetzger (1988), TLU is a unit that represents an animal of
250 kg live weight where, 1 is assigned for cattle, 0.1 for sheep and goat, and 0.04 for
chicken. The manure from animals used as sources of organic fertilizer in the study
area. During composting, farmers most of the time exclude the manure of animals
becawse these manures cannot be easily decomposed as those obtained from the cattle,
sheep, goats and chickens. Due to this, excluding donkeys, horses and mules, other
livestock€s such as cattle€s, sheep, goats and chicken were used as the potential
sources obrganic fertilizer in the study area.

As hypothesized farm size, soil fertility enhancing technology adopters own on
average, about 7#mad of farm land while the neadopters own about 6ténad of
the farm land. The current study had predidteat farmers with relatively larger farm
size are likely to adopt soil fertility enhancing technology. This could be primarily due
to lower marginal costs associated with the adoption of {aftensive technology on
the larger area of the farm land. Tiesults indicated that the households with larger
farm land were adopters of soil fertility management technology possibly due to lower

marginal costs. As hypothesized regarding to farm size, there is a significance
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difference between the adopters and ttwradopters of soil fertility enhancing
technology at 1 percent level of significance.

(Martey et ai, 2013)argued that an increase in cultivation plot is associated with
financial constraints for smallholder farmers in Ghana thus reducing adoption of
chemical fertilizer. Lower use of chemical fertilizer could possibly result in more use
of organic fertilizerin Ethiopia. Ketema (2011) claimed that manure use is negatively
correlated with application of chemical fertilizer in Tigrai region of Ethiopia as these
two types of fertilizers are substitute for each other. Moreover, majority of the
households (64.4 peent) own less than or equal to 0.75 hectares of the farm land.
About 7.1 percent of the adopters of organic fertilizer own 2 to 3 hectares of the farm
land while the corresponding proportionate for non adopters was 2.4 percent showing
that adopters owlarger farm land than neadopters.

Education enables farmers to engage in land management practice using various
ways of maintenance and adopting techniques with both traditional and introduced soil
fertility enhancing technologie&ducation ishe potential source of knowledge which
enables one tanderstand instructions access and comprehend information about the
new technology(Biru, 2016) Farmers€ educational level increases the awareness,
perception, knowledge nd skill about the causes, severity, indicators and
consequences of land degradation. Education enables farmers to engage in land
management practice using various ways of maintenance and adopting techniques
with both traditional and introduced soil congion technologies(Alelgn, 2011)

As the above table indicates that the majority of the thedelerespondents€ about
45.5% percent of the sample household head were totally illiterate and 55.5% percent
of the respondestwere attended education either formally or informally. Majority of

the respondents€ from literate sample household headed were educated formally.
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Table 4.4: Socieeconomic characteristics of the sample HHs continuous/discrete

variables
Variable€siame Soll fertility
management practice:
Adopter  Nob-
Adopter ~ P-value t-value
Min Max Mean Mean
Age of HHs 23 96 42.86 57.18 0.00***  6.46
Educational status 1 12 6.00 4.00 0.03**  -1.80
Number of labor force | 1 8 3.36 2.98 0.01** 227
Family size 1 9 5.02 5 0.15 1.01
Agricultural income 0 160000 32315.57 18244.45 0.00*** -4.5200
Off farm income 500 300 8930.56 8681.82 0.43 -0.18
Total income 1000 160000 40457.29 31969.03 0.00*** -3.53
Farm experience 2 58 19.77 20.96 0.82 0.93
Own land size 0 16 7.82 6.65 0.00*** -2.80
own livestock€s 0 16 6.4 4.52 0.00***  -7.23
Number of percale| O 12 5.38 4.18 0.00***  -3.04
used for crop
production
fragmented plots 1 2 51 41 0.05**  -1.59

Note, *** and** indicate significance at 1% and 5% probability level respectively

4.2.1 Awareness of farmers€ about SFM
According to these study farmers who are included in the sample size in the study

areas of the thre&ebeles,they have a good awareness about the use of SFM
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technology adoption. In the three kebele as the researcher interviewed as compared as
the previous time awareness of farmers€ about SFM technology adoption now a day€s
awareness is a better because farmemsnabout SFM technology adoption Practices

and which practices is better for which landform and soil type and also which practice
is good to produce more crop. Farmers€ who is not practice SFM technology adoption
are minimum because of different problelke small size land, farm experience of
farmers€ and low level of livestock.

Table 5, shows that farmers€ awareness level on the benefit of the of SFM
technology adoption. From the table 66.67 percent of the respondentsahave
awarenessbout the use of SFM technology adoption to the enhancement of soil
fertility to increase agricultural income and in the contrast 33.33 percent of the
household headed have not awareness. This implies that the majority of household
headed respondents€ Bayood awareness about the use of soil fertility management

technology adoption practice for the enhancement of soil fertilitsgraf land.

Table 4.5 the awareness level of farmers€ about benefit of adopting SFM practice

Explanatory variable Category Total Percent
number
Benefit of SFM Yes 148 66.67
No 74 33.33

Source:ownsurvey data (2021)

4.2.2 Major crop type

Table 6 indicates that each crop type and productivity of the crop. The result indicates
that average productivity @dopters and non adopters. As indicated from the above
table there is a significance difference on production of crop between adopters and non

adopters of sail fertility management technology practice.

Table 4.6: The major crop types cultivated in edabeles

Zigual Fenkatit Arefa Adopters Non-adopters

Major % % % average average Yield in
crop types Yield in (QUti)
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(Qt/ti)
Wheat 68.02 34.23 25.50 8.46 6.35
Barley 59.91 4211 8.27 6.86 5.99
Teff 17.43 26.61 55.96 6.33 5.11
Maize 26.28 32.12 41.61 1257 11.17
Potato 69.37 29.22 26.62 8.46 7.95
Legumes | 45.95 35.14 18.92 2.76 2.36

Sourceown survey 2020/2021

4.2.3Farm Fertility

According tothis study, farm fertility represents the househotgfision about the
level of fertility of their farmland The results presented in Talleshow that about
3.3 percent of the adopters believed that their farms were not fertile. In comparison,
the corresponding figure for neadopters was about 96.7 percent. Relativelyghdr
proportion of households who perceived that their plots are not fertile were found to
be adopters of organic fertilizer. Low farm fertility has been reported to be a major
constraint to agricultural production by an increasing number of farmershiapkz
(Biru, 2016)This shows that low fertility of the farm could be one of the reasons for
adoption of soil fertility management technology. The survey results of this study
further revealed that about 58.06 and 65.62 merad the adopter households
perceived that their farms were fertile and medium respectively. On the contrary,
about 41.9 percent and 34.38 percent of the-adopters were believed that their
farms were medium and fertile respectively. From 222 respos€lé® percent of the

sample size dose not describe theligrievel of their farm land.

Table 4.7 farm landfertility level

Characteristic Adopters Non-adopters Test statistics
Ch#®

Level of fertility Freq. % Freq. %

Infertile 1 3.3 29 96.7 34.57

Medium 84 65.62 44 34.8
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Fertile 36 58.06 26 41.9

Source: own survey 2021

4.2.4Group membership, Access to credit, Extension service, and Distance from
home to the land

Table 8 show hat 0.84 percent of the sampled respondents were members of
farmers based associatiomdile the remaining nearly 0.1Bercentwas not. As a
result of key informants, majority cidopters were members of at lease farmer
based organizatioriThe majority members ofarmers based organizations and they
are adopters. Farmer based organizations are the potential sources of information.
Contrastingthat of information media such as television and radio, the information
obtained through membership angiven farmer group involves two way discussions
which can be easily understood by the farmers. Due to this, availability of such
organizations may increase frequency of discussion among the member farmers
therefore enhancing communication for developm@rhe, 2014). Households
belonging to farmers group such as associations and cooperatives can easily access
fertilizer technology (Martey et ai, 2013As such, existence of farmers based
organizations could possibly increabe adoption rate of SFM. The mean difference
of membership in different farmers based organizations between the adopters and the
nonadopters of SFM was insignificant.

Credit is anessentialsource offundingin agricultural technology adoption. &h
major sources of credit in Degadamot district includenhara credit and saving
institution and farmer based informal associations sucldigsEkub, Mahiber and
Debo (vonfe). It was found that about 7dercent of the sampled respondents had
accesse and used credit while about P@rcent of them did not access credit due to
different reasons such as high interest rate. The result of credit access and use among
the respondents was high. The difference was significant at 1% percent probability
level.

Extension service refers ttiemonstration, training and advice deliveredatimners
mainly by development agensmd other agricultural expertExtension servicevas
measured in terms of the frequency of farmers meeting with extension workers during

the previous agricultural season. The results indicated that the overall average
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frequency of extension contact was about 2.5. In comparison, it was found that the
average frequency of extension contact was abotiin8s per season among the
adopters of orgnic fertilizer while that of noadopters was about. The difference in
the average extension contacts between the adopters aradomiers of organic
fertilizer was significant at 1 percent probability level. The results show that the
adopters of organidertilizer had better access to extension services on average
compared to noadopters justifying that the higher frequency of extension visits may
have contributed towaradoption of organic fertilizer.

Table 4.1 The esultson Group membership, Access to credit, Extension service, and

Distance from home to the land

Characteristics Adopters Nonadopters  Test statistics

Mean SD Mean SD t-value

Member of organization 0.84 039 0.16 0.36 0.7

Access to credit 0.74 0.33 0.26 0.05 -5.55%**
Extension service 0.025 0.43 0.44 0.49 -5.03
Average walking time 1 60 13.63 15.88 0.91

Sourceownsurvey 2021

4.3 Empirical results of Factorsthat determine the Adoption of SFM technology
and Its Impact on Households€ &m income

Heckman two stage selection analyses isetesl to identify the householdvel
demographic, socteconomic and institutional factors that determine the decision of
smallholder farmers to adopt or not to adopt soil fertility enhaiiirg) technoloy
in the first stage by applying probit model.

In the firststage theprobit modelwas used t@xaminefactors hat influence the
level of soil fertility enhancing technologgdoption decision However, before
running the regression analysis, tdeagnostic tests, such that, the existerof
multicollinearity problemof variables included in the model are needed to be checked
both for the continuous and discrete explanatory variables. According to Gujarat
(2004), when the values of VIF approachimndinitive there is serious problem of

multicollinearity between the independent variable, while if VIF is below 10 there is
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no much poblem.In this study all theomputed value of VIF for explanatory variable
was blow five.As a resultthere is no evidence of multicollinearity problem between

the explanatory variable in this study.

4.3.1 Factorsthat determining smallholder farmers€ soil fertility enhancing

technology adoption decision

The models constructed with irfidependnt variables and out of thesev8riables
are significantly determining the adoption decision with hypothesized sign and the
impact o adoption These variables include age, livestock, awareness of farmers
about the benefit of soil fertility enhancing teotogy adoption, farm experience of
the household headedizes of farm land, Position of land, education status of
household head, accessibility of credit seevaresignificantly affect farmers€ soil
fertility enhancing technology adoption decision. Whereas; participation {faroiff
activity; fertility of land, fragmented plotsiumber of labor forcapnembership to farm
cooperative and access to agricultural extanservice insignificantly but albther
variableswith expected sign influence the technology adoption decision.

As specified in Table 4.9. The marginal effect report of the probit regression
provides the probability that a farm household abledopa soil fertility enhancing
technology in their agricultural crop production (see Appendix 5). As hypothesized
from the above regression the arable farm size of the respondent was positive and had
statistically significant influence at a 5% level of sfgrance on the adoption of soil
fertility enhancing technology. The marginal effect result indicates that a farmer, who
has one additiondaimad of arable landwould increase the likelihooaf farmers€ soil
fertility enhancing technologwdoption by %6 statistically significance level This
result is in line with the argument of Nowak (1987) and Alelgn(2011), which claimed
that larger arable land ownership enable farmers to have more flexibility in their
decision making, greater access to a unrestrigisdurce, and give more opportunity
to adopt new farm technology practice. This is because availability of more arable
land enable farmers€ to allocate more land to produce more crop leading increment in

output and the rise in output widen the chance ahéxs€ more income and the
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increment in family income enable farmers to widen the understanding and the use of
new solil fertility enhancing technology.

As hypothesize, the position of land was found to be negatively and significantly
influenced the mrbability of soil fertility enhancing technology adoption decisadn
small holder farmerséit 1% levelof significance Other variables€ constant, if the
position of land is steeper, the likelihood adoption of soil fertility enhancing
technology decreadey 3.8 percent on crop cultivaticat 1% level of significance
This finding is similar tqSusie, 2017Bessir (2014) and Debelo (2015.

Additionally, the number of livestock has positive effect on households€ soil
fertility enhancing technology adoption decision. Holding other variables constant, the
numbers of livestock incase by one unit, the likelihood of soil fertility enhancing
technology adoption decision darmers€ increase by 68 percent at 1% level of
significanceholding other variables constant

As hypothesized, the education level of the household head was found to be
positively and significantly influenced the probability of adoption of soil fertility
enhancing technology in crop land cudtion. As compared to illiterate farmers the
probability of adoption of soil fertility enhancing technology input in crop production
for literate farmers woulde higher This implies that the educational level of a
household headed increase by one ydae, ltkelihood adoption of soil fertility
enhancing technology increase by 3.6% holding other variables constant. This
indicates that the educated farmers are more confident to adopt soil fertility enhancing
technology input in their cultivation than thos#o are less illiterate or completely
illiterate. Farmer with formal education has better ability to obtain information€s about
productive input and new technology of production relative to uneducated one.
Education also increases the deciamaking abilty of farmers based on identified
information of cost and benefit. This result is consistent with the work of Bayissa
(2014) and Leake & Adam (2015), who forwarded that having education increases the
probability of adoption of new agricultural technologyfarmers.

Holding other variable constant, if farm experience of farmers€ increase by one
year, the probability technology adoption decision of farmers€ increase by 15 percent

at 10% level of significancé his result is consistent with the waof Alelgn(2011).
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Access to credit service also positively determines the probability of farmers€
decision on soil fertility enhancing technology adoption at 1% level of significance.
Citreous paribusavailability of credit service encouragiee likelihood of household
fertilizer technology adoption decision by 61 %. This result was consistent with the
finding of Ogada (2013), which reason out that accessible credit solve the
smallholders problem created due to their low saving ability tohasee relatively
more expensive technol@s like inorganic fertilizerHence, the accessibility of
credit enables farmers to purchase inputs like improved seed, fertilizer, which
increase output through productivity increment. According to Alelgn (201iljhe
other hand, accessibility of credit solves farmers€ cash problem that hinders farmers
to purchase chemical fertilizer at an early period of crop collection in which there was
no sufficient market or low price for agricultural output. Thereforamés who have
the availability ofcredit services are more likely to adopoil fertility enhancing

technology thanvithout credit.

Old household heads€ are less likely to adopt soil fertility enhancing
technology than adult household$€olding oher variable€constantthe age of a
household increase by one year, the likelihood of soil fgrtighhancing
technology adoptiodecrease by 22.5% 1% level of significance.

Generally the grvalue in the regression indicates that the probit ssjpe

model is highly significant.

Table 4 2 Factors that determine farmer€s solil fertility enhancing technology adoption

decisionprobit model result

SFM Coef. Std. Err. Z Mariginal effect
Age -.0563627 0165251 -3.41 -.0224629***
Gender 7651959 5707345 1.34 .2950233
Education 0912022 .0517363 1.76 .0363479*
Family size .3618669 1707307 2.12 1442192
Number of labor force| .2938709 2134821 -1.38 11712
Fragmented plots 1935787 170343 1.14 .0771493
Positionof land -.9703738 4061 -2.39 -.3867349***
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Awarenes 1.944726 7691653 2.53 .6505155***
Fertility of land .3699828 3904134 0.95 1474538
Livestock 1719775 .0558872 3.08 .0685403***
Access to credit 1.753344 5265933 3.33 .6106031***
Extensionservice -.8814073 .6592244 -1.34 -.3309547
Farm expriance .0400703 .0238025 1.68 .0159697*
Size of land -.0266216 067767 -0.39 .0306098*
Off-farm income .0000181 .0000262 0.71 7.4506
_cons 5481786 1.127909 -0.02 -

Sorce:own 2021
*x -+ and * indicates thastatistically significant at%, 5% and 10% respectively.
Number of obs=222 Prob>chi2=0.00Q pseude0.756

4.3.2The effect of soil fertilityenhancing technology adoption on farmer€s crop
income

4.3.2.1 Heckmarntwo-stage model

The Heckman model in the second stage estimation identifies the effect of the
adoptionof soil fertility enhancing technology on farm inconi@ble4.10, shows that
impact of variableswhich affects soil fertility enhancingtechnology adoptiorof
smallholder farmers on theimrmincome Out of 16explanatory variableage size of
a family membey access to credigeducational status of house hdidad awareness,
farm experiencenumber of livestockPosition of land,significantly influence the
households€ soil fertility enhancitgchnology adoptiomecision while membership
to cooperativesex, participation in off farm activity,insignificant to influence the
level of adoption.Accordingly, age, education, family size, number of labor force,
livestock, farm size farm experience,and awareness are significantly affect
households€ crop income. From those variables age and family size have negative
significance impact andhe remaining variabk€ affect households€ farm income
positivelyandsignificantly.

The coefficient of inverse Mill€s ratio /Lambda is significant at 5% level. The

significance of MillE€s ratio discloses the presence of selection bias and the
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effectiveness of applyingleckman twestage models due to its ability to handle the
selectionbiasproblem.

Table4.10 shows thdmbda term is significance and positively signed. If there
is no correlation between the error terms, there is no need to perform Heckman two
stage approachhe positive sign of rho reflects that the error terms in the adoption
decision model and selection equations are positively correlated. if there is no
correlation, the applying of Heckman tvgtage model is not necessary.

Therefore, (unseen) factors that makes soil fertility enhancing technology more
likely tend to be associated with higher farm income.

Corresponding to the first stage result, age, education, livestock, awareness, access
to credit, number of laboforce, position of land gender affect adoption decision
significantly with expected sing. Moreover, household heads education level, awareness
and availability of livestocland access to credit, agehave the expected positive effect
on the level of sdifertility-enhancing adoption ia statisticalsignificance level The
sizes of family and age determine soil fertility enhancing technology adoption decision of
sample household by 1% significance level and have expected negative influence on
adoption.

In Heckman twestage regressioresult which implies the effect of soil fertility
enhanang technology adoption on households€ farm income, age and household
family size have negative influence on agricultural income.

As hypothesized, ane additional person in the family deteriorate agricultural
income by6386.97 in ETBat 1% level of significancelhis implies that when family
size of ahouseholdheaded increase, then anneakningincome fromagricultural
crop decrease holding other siittility enhancing technology constant.

Additionally, number of household headed labor force has positive statistical
effect on farm income. This implies thatpae more active labor force of a household
headed increase agricultural income &189.48 ETB at 5% level of significance
holding all other variables constant. Size of land holding also found positive and
significant influence on the level farm productivity at 5% level of significance.

At aonetimadincrease in land size, increase households agricultural income by

2736.872 ETB keeping other variables constafthis indicates that higher land
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holding size increaskeouseholds€ annual farm incormee age of the household head
has negatively and sigmsantly affected agricultural income of the household headed.
This finding shows that being older for the household héaads toagricultural
incomedecreasdy 1118.81 ETBat 1% level of statistical significanc€his finding is
consistent with (Alelgn2011).

Number of livestock also found positive and significant influence on the level
farm income at 1% level of significance. At one unit increase in livestock, increase
households€ agricultural income @§4.05 ETB keeping other variableonstant.

As expected, Access to credit is also shown expected sign and statistically
significant at the 1% level as indicated in stage. This suggests that households,
who had access credit, are more likely to adopt soil fertility enhancingdiegynon
their crop cultivation than withoutnd increase farmers€ annual farm incamte
finding of (Alelgn, 2011) This finding is the same result as (Biru,20D8) adoption
rather than incomeAs hypothesized other variables stated in Heckmanstage
regression result like access to credit, marital status, fertility of land, have not a
significance effect on households€ agricultural income.

Generally, in this regression the instrumental varigd® which is used to
identify the Heckman two stage selection equaticare farmers€ organization and
marital statusThis implies that the selecti@quation(if the respondents adozoil
fertility enhancing technology, what wilbe households@gricultural income) is
identified by the behavioral equation (the respondents&oil fertility enhancing
management technology adoption decisiamd as indicated the-yalue of the

regression result, Heckman tvgtep regression model is significance.

Table 4.10 Theresults of Heckman twetage selectioastimation (impacts dfoil

fertility technologyadoption on farmer§armincome).

Coef. Std. Err. Z P>|z|
Agricultural income
Age -1118.81  447.7562 -2.50 0.012***
Gender -21402.92 20467.11 -1.05 0.296
Maritalstatus -5134.409 3201.229 -1.60 0.109
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Edustatus 3465.925 1291.659 2.68  0.007***
familysize. -6386.971 3631.127 -1.76 0.079*
Nooflaborforce 8189.485 4169.859 1.96  0.050**
Livstockown 664.0472 1279.995 0.52  0.020**
Size of land 2736.872 1184.765 2.31  0.021**
Fertilityoflan -5122.184 7411.477 -0.69 0.489
Awernessofsfm 11242.7 6763.41 2.38 0.017**
Acestocredit 6911.49  41352.86 0.65 0.515
Farm expriance 1225.27 414.4612 2.96  0.003***
_cons 162929.8 70359.81 2.32 0.021
SFM
Age -.0481842 .0178788 -2.70 0.007***
Gender 1.083716 .6613468 1.64 0.001
Maritalstatus 1053786 .1031476 1.02  0.307
Edustatus .0923784 .0526069 1.76  0.079*
familysize. -.3687676 .1734889 2.13  0.034**
Nooflaborforce .0000123 .0000269 0.46  0.046**
Farmexprance 0399175 .0251471 1.59 0.031**
Sizeofland .0663785 .0909538 0.73  0.466
Fragmetand -.5806221 .4511233 -1.290 0.198
Positionofland -1.048252 .4005602 -2.62  0.009***
Awernessofsfm .730355 777667 2.220 0.026**
Fertilityoflan 2745827 .3953669 0.69  0.487
Livstockown 1640941 .0561082 2.92  0.003***
Acestocredit 1.570713 .536052 2.930 0.003***
Exteserv -.768847 .6664695 -1.15 0.249
Off-farm icome -1.753282 1.168474 -1.5 00.133
Farm organization | 2.117534 1.064581 -1.99 .6311692**
_cons - 44752 1.402034 -0.320 0.750
Mills
Lambda 14194.08 24441.49 0.28 0.026*
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rho | 0.38640
sigma | 36734.619

k&% and * imply statistically significant at 1, 5 and 10% respectiveNumber of
obs =222Censoed obs = 98, Uncensored obbs124Wald chi2(11) = 35.7,Prob >
chi2 = 0.0004

4.3.2.2Heckman two-stage endogenous treatment effect orohseholds Farm

Income betweenadoptersand non-adopters

Table 4.11 indicates that significance difference between adopters and non
adopters of agricultural incom&he impact of soil fertility enhancing technology
adoption onhouseholds€ farm inconwfference per timad was estimatedetween
adopters and neadoptersin this section. However, according to (Biru, 2016),
Propensity Score Btching methods wereemployed to compare the difference of
averagdarmincome between the samples of adopters aneadopterf agricultural
technology adoptionin this study Hckman twostepswith endogenous treatment
method were employed. Accordinglthe results indided that the households who
adopted soil fertility enhancing technology adoption had earrniedome from
6144.966 ETB to 119192 ETB more averagi&arm incomeper timad compared to
non-adopters okoil fertility enhancing technologyAs hypothesized, the rae annual
agricultural income of adopters is higher than-adopters of soil fertility enhancing
technology by 32,693.33 ETHhis implies that adoption of soil fertility enhancing

technology is crucial to increase farmer€s farm income.

Table 4.11 the result of ckman twestage endogenous treatment result

Coef. Std.Err.  P>|z| [95% Conf. Interval]

Variables
Age 3.943852 244.8863 0.987 -476.0245 483.9122
Gender 1961.157 11213.32 0.861 -20016.54 23938.86
No of labor force 5043.098 4307.606 0.242 -3399.655 13485.85
Education 2199.773 1124.236 0.050* -3.689218 4403.236
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FarmExperience -448.1133 372.6484 0.229 -1178.491 282.26
Size ofland 4946.39 1152.865 0.000** 2686.816 7205.96¢«
Awareness 8283.471 14976.91 0.580 -21070.73 37637.67
Livestock 344.756 1174.107 0.769 -1956.452 2645.964
fertility of land -6633.523 7647.994 0.386 -21623.32 8356.2°
Access to credit -18423.78 13270.24 0.165 -44432 .98 7585.415
SFMT
Yes 11919.52 17402.92 0.493 -22189.57 46028.62
No 6144.966 10952.19 0.575 -15320.94 27610.87
_cons 16600.04 21027.74 0.430 -57813.66 24613.58
SFM Mean income
Yes 61294.35
No 28601.02

p-value 0.0001

** And * imply statistically significant at 1 and% respectively
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CHAPTER FIVE
5.1CONCLUSION AND POLICY IMPLICATION

5.1.1Conclusion

A remarkable improvement in agricultural Productivity in majority of
developing countries irthe late 1960s resulted from agricultural afsformation
agenda includingagricultural esearch, extension services and rumédastructual
developments that underlirtbe role of technol@y adoption among smallholder€s
farmess in increasing productiorwas vital. Technological cange in agriculture
comprises the introduction of a higielding variety of seeds, ferizlers and
irrigation. These changes the agricultural sector augment the productivity per unit
of land and bring about rapid increase in prcitbn to tackle the severe problem of
poverty. Even though some progress has been recorded over time, the use of
agricultural technolgy is found at its low leveih Ethiopia

To this end, this study was condedtto investigat¢he institutional, demographic
and socioeconomic factors that influence soll fertility enhancing technology adoption
decision andthe extent the impact of soil fertility enhancing technology among
smallholder &rmersfarm income. Accordinglydescriptivestatistics and Heckm&s
two-stage econometric methods were employed to analyze data collected from
sampled household. The significance coefficient of inverse Mill€s ratio indicates the
presence of selection bias and the eifectess of applying Heckmarwad-stage
models.

The result shows that theadoption decision ofsoil fertility enhancing
technologyuse was driven by factors suchthssize of farm lad, size of familyage,
availability of family labor forcegducation status of househdidad, accessiltly of
credit servicefarm experienceandnumber of livestockAn increase in the household
size discouraged adoption of soil fertility enhancing technology showingénage
does not necessarily mean that farmers have erlabghsupply for their farm work.
Households who owned large number of livestock are likely to get more manure and
those theyare likely to adopt soil fertility enhancing technology. Access to credit and

better information through information media also motivateadopt soil fertility
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enhancing technology.

Additionally, farmers€ who adopt soil fertility enhancing technology earned
better average annudrm income pettimad compared to neadopters. This shows
that the adoption of soil fertility enhang technology had positivémpact on
households€ farm income. Hence farmers should be motivated to use soil fertility
enhancingtechnologies which arerganic and inorganic fertilizer and another

traditionalmechanism to increase soil fertility.

5.1.2Recommendation

Based on the finding of this study, the researcher proposed the following
recommendations

Most farmers have good perception than real implementation is not the same as
their perception due to lack of awareness about preparatioapatidation of different
soil fertility enhancing technologies like compost. Therefore, concerned body should
create good awareness for farmers when, where and how soil fertility enhancing
technologies are prepared and usAtthough the development agents are available in
al kebeles of the district and should be give attention more on sustainable
implementation of soil fertility enhancing technology rather than giving awareness
only, it was not al farmers who have had extensionservices and the frequency of
contact was low for thosewho arealy had the services. Access to crediplays crucial
role in enhancing tedhnology adopion. Credit can be obtaired from different
organizations.Based on theresults, having low access to credit on tiroeuld resultin
low adopion of soil fertility enhancing technology adoptiofio counter this, the
policy makers should target at enabling farmers to get access to credit with low
annual interest rate

Households with more livestock are more likely to adopt soil fertility-

enhancing technologyhis showsthat housholds with lessor no livestock are less
likely to adoptsoil fertility-enhancing technologyl.o enable such hougholdsto have
access to soil fertility enhancing technologyespecially organic fertilizer, the
government and other development partners shouldencourage commercialization of
the organic and inorganidertilizers. About the farm size, large scde farming should
be encouraged. This could be suppored through providing training to the farmers
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which is aimed at the useof soil fertility enhancing technology adoption.
Generaly, soil fertility enhancing technologyah the potentialto increase farmers€farm
income. As stch, the smallhéder farmers should be encouraged to adopt technologyto

increase theirfarm incomeand improvether livelihood
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Appendix 1

BAHIRDAR UNIVERISTY
COLLEGE OF BUSSENECE AND ECONOMICS
DEPARTMENT OF ECONOMICS
QUETIONAIRS RESPONDEBY HOUSHOLD HEADS
General direction
Dear respondent,

This questionnaire is prepared to find out fDeterminants of soil feréhtyancing
management technologies by smallholder farmers and its effect on households€
agricultural income in Dega Damot districHowever, the success of this study highly
depends on your genuine and honest response. Thus, the information you provide is
highly valuable for the finding of this study. We assure that your information
confidentially never disseminates to any othedyoby any means. Hence, you are kindly
requested to answer all items. Thank you for your cooperation!

INSTRUCTION Read each question carefully and encircle questions with two or more
alternatives. For questions not having alternatives, write your resmonthe space

provided.
March 2021

SECTION A: HOUSEHOLD CHARACTERISTICS

1. Age

2. Gender

3. Maritalstatus. 1 = Single 2 = Marrie8l= Divorced 4 = Widowed
4. Educational status in year

Your household composition:

Age Gender Education (use number)
category
Male | Female| llliterate | Write | Elementary(1 | Secondary(9| Tertiary
and 8) 12)
read

76



"d14
years

14-65
years

"e
65years

5. based on question 4, how many of them are females?
6. basean question 4, how many of them are males?

7. What is the number of working (18 years and above) family members in your home?

8. What is the major source of your income?
1= Agriculture, 2 =Non-agriculture , 3 = Government salary
4 = if other, pecify

9. Based on your choice for question 10, what is the state of your employment for the
choice you made?

1 = Part time, 2 = Full time, 3= Not at all.

10. If your answer for question 10 is agriculture, what is the level of your income per
yea in ETB?

11. If your answer for question 10 is not agriculture, what is the level of your income per
month? Or year in ETB?

12. What is your total income per month/year in ETB irrespective of its sburce

13. For how long have you been practiced farming?

SECTION B: FARM LAND CHARACTERISTICS

14. Do you own cultivated land? 1 = Yes 0 = No

15. If question 14 is yes, what is the size of your land in timad?

17. Whd is the current size of your plot under crop production in hectare?

18. Is your cultivated land fragmented?
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1. Yes 2.No

19. If your answer is yes, how many plots do you have?

20. If your cultivated land is nobacentrated in homestead, how much time you need to
reach

Thelast plot in minute?

21. What is the position of most your cultivated land?
1. Steeper slope 2. Moderately steeper slope 3. Plain

22. Do you perceive land degradation is one of the major environmental probkms

your locality? 1. Yes 0.No

23. Which types of crops are you growing? , ,

24. How do you rate your plots fertility? 2 infertile 2 = Medium 3= Fertile
25. Do you own livestock? 1=Yes 0= No

26. If question 25 is yes, how many animals? Cattles |, Sheep ,
Goats___ , Others

SECTION C: USE OF SOIL FERTILITY ENHANCING TECHNOLOGY

27. Do you use land management technology? 1= Yes 0 = No

28. If question 0 27 is yes, which type of technology do you used?

1=compost, 2=manure, 3= chemical fertilizer

29. If question a0 27 is no, what makes you nim use land management technology?
1 = High transaction costs, 2 = Have no animals which may provide manure,

3 = Low talent of know how to prepare 4 = Shortage of finance

5 = Have no enough labor, 6 = others, specify and list them

30. If yourchoice for question 29 is 1 or 4, based on your choice, how much would you
have been spending to get organic or inorganic fertilizer for one hectare of your plot in
ETB?
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31. If question 27 is yes, answer the questionsdin the followingtable.

a. Which type of fertilizer do you use? 1= Manure, 2 = Compost, 3= chemical
fertilizer

4 = other, specify

If your answer for the above question on (a) is manure and compost, fill the
following table depending on your plptoductivity before and after the use of compost
for the given crops. Your answer should only include those crops you have been
producing from the listed crops.

How many quintals of the following crops do you harvest per hectare in 2019/2(

When youuse compost and When you don€t use compost and
manure manure.
Productivity/hec| Income/ha Productivity/quntal | Income/ha
Wheat
Maize
Teff
Beans
potato

b. For how long have you been using organic fertilizer in years?

c. What quantity of organic fertilizer do you apply on your farm per hectare and per
growing season in kg?

d. How frequent do you apply agc fertilizer? 1 = every production season 2 = per two
season

3 = pe three season

SECTION D: INSTITUTIONAL FACTORS

32. Do you have access to credit? 1=yes 0= no

33. If question 32 is yes, how much did you get last season?

34. Whois/are the sources of credit?
35. Do you get extension services? 1=yes 0 = no

36. If question 35 is yes, how many times did you meet extension workers in the last
season?
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37. Do you have access to TV, radio or any other social media? 2=yes
38. is there any farmer€s organizations in your village? 1= yes 2=no

39. If question 38 is yes, how many organizations are available?

40. Based on question 38, are you a member of that organization/s 1= yes 2= no

41. Ifquestion 38 is yes, to how many organizations are you a member in?

42. How many hours does it take to you to reach the nearest market from your village?

43.Did you get information about market prices of agricultural inputs and out puts?
1.Yes 2.No
SECTION E: TRANSACTION COSTS

44. Do you produce your own organic fertilizer? 1 =Yes, 2 =No

45. If question 44 is no, from where douyget it? 1 = Market, 2 = from government,

3 = Farmelassociation

46. If question 44 is not a market, can you get organic fertilizer from the nearest market?
1=yes 2=no

47 Is there any other sources to buy organic fertilizer? (Other than markets$ 16-¥
No

48. If question 47 is yes, how far are these sources from your village in km?

4. How long does it take to identify the sources of organic fertilizer in days?

49. When you search for the sources of organidifen, what do you use™ore than
one option

Is possible) 1= Phone call, 2 = SMS, 3 = Internet, 4 = Transportation, 5=others,
50. Based on question 49, how much does it cost in ETB when you use;

a. Phone call b. SMS c. Transport

51. How long does it usually take from searching for to getting the organic fertilizer in
days?
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52. Do you bargain when buying organic fertilizer? 1=Yes 0 =No

53. If question 52 is yes, what is the cofsbargaining in ETB and how long does it take
in time?

54. In trying to get this fertilizer do you forgo any benefit? 1 =Yes 0= No

55. If question 54 is yes, what is the amount of the benefit you forgo in ETB?

56. If question 54s yes and the total amount of the benefit is unknown, list the benefits
you would have obtain. : , ,

SECTION F: FARM PRODUCTIVITY FOR SELECTED CROPS

Only by nonadopters of any fertilizer)

57. Fill the following table bsed on your plot productivity. Your answer should only
include those crops you have been producing from the listed crops in 2019/2020

How many quintals of the followingrops do you Productivity/ti | Income/qunta
harvest per Tim&®l

Wheat

Barley

Maize

Teff

Bean

Pea

Potato

If other
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Appendix 2
For key informants

1. Do you perceive the current available land is enough to the community to produces
yield for feed households?

2. For what purpose you utilize your land?

3. Most lands in your locality are fragmented? What are advantageksadgantages of
fragmented land? Explain in detail.

4. Do you perceive the reduction of soil fertility is the major environmental problem in
your locality?

5. Do you perceive soil erosion can be prevented? How to control it? What are the
methods that you perceive for soil erosion control? What are the measures currently you

apply?

6. Do you use both traditional and modern soil conservation measures? \Whiclorar
effective to prevent soil erosion?

7. Do you perceive soil fertility can be maintained? What are the measures that maintain
soil fertility according to your perception? What are the methods that use to increase soil
fertility?

8. Do you apply bdt chemical and organic fertilizer? Which is more effect according to
your view to enhance soil fertility

Appendix 3

Variable VIF 1/VIF
Awareness 4.89 0.204686
Farmer organization 3.98 0.251092
Family size 3.9 0.256170
Number of labor force | 3.65 0.274130
Access to credit 3.58 0.279118
Fertility of land 3.02 0.331566
Age 2.82 0.355131
Gender 2.33 0.428890
Extension service 2.32 0.431000

Educational status 2.11 0.473489
Position of land 1.93 0.517827
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Farmexperience 1.85 0.539204
Size of land 1.84 0.543945
Livestock 1.82 0.548829
Fragmentand 1.5 0.665927
Off-farm income 1.2 0.833018
Marital status 1.08 0.923590
Mean VIF 2.58
Appendix 4

Probit regression Number ofobs 222
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LR chi2 (16) = 230.63
Prob > chi2 = 0.0000
Log likelihood =-37.036798 PseuddR2 = 0.7569

SFM Coef. Std. Err. Z P>|z| [95% Conf. Interval]
Age -.0563627 .0165251 -3.41 0.001 -.0887512 -.0239741
Gender 7651959 .5707345 1.34 0.180 -.3534232 1.883815
Education 0912022 .0517363 1.76 0.078 -.0101991 .1926036
Family size 3618669 .1707307 2.12 0.034 .0272409 .696493
Number of -.2938709 .2134821 -1.38 0.169 -.7122881 .1245462
labor force
Fragmented 1935787 .170343 1.14 0.256 -.1402874 527444
plots
Position of -.9703738  .4061 -2.39 0.017 -1.766315 -.1744324
land
Awarenes 1.944726 .7691653 2.53 0.011 .4371894 3.452262
Fertility of land| .3699828 .3904134 0.95 0.343 -.3952133 1.135179
Livestock 1719775 .0558872 3.08 0.002 .0624407 .2815144
Access to 1.753344  .5265933 3.33 0.001 .7212403 2.785448
credit
Extension -.8814073 .6592244 -1.34 0.181 -2.173463 .4106487
service
Farm -2.117534 1.064581 -1.99 0.047 -4.204074 -.0309933
organization
Farm expriancq .0400703 .0238025 1.68 0.092 -.0065817 .0867224



Heckman selection modeltwo-stepestimates
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Size of land -.0266216 .067767 -0.39 0.694 -.1594425 .1061993
Off-farm .0000262 0.71 0.476 -.0000327 .0000701
income
_cons 1.127909 -0.02 0.983 -2.235045 2.186276
Appendix 5
Marginal effects after probit
y = Pr(SFM) (predict)

= .5178656
Variable dy/dx Std. Err. P>|z|
Age -.0224629 .00664 0.001
Gender .2950233 .20149 0.143
Education .0363479 .02061 0.078
Family size 1442192 .06793 0.034
Number of -.11712 .08506 0.169
labor force
Fragmented 0771493 .06789 0.256
plots
Position of land| -.3867349 16139 0.017
Awarenes .6505155 17102 0.000
Fertility of land | .1474538 15538 0.343
Livestock .0685403 .02223 0.002
Access to credi{ .6106031 13617 0.000
Extension -.3309547 .22496 0.141
service
Farm expriance| .0159697 .0095 0.093
Size of land -.0106098 .02701 0.694
Off-farm 7.45e06 .00001 0.476
income

Appendix 6

Number of



(regression model with sample selection)

Uncensored obs

Wald chi2(11)

Censored obs =98

=124

=35.77

Prob > chi2 = 0.0004

Coef. Std. Err.  Z P>|z| [95% Conf. Interval]

Level of agricultural
income
Age -1118.81  447.7562 -2.50 0.012*** -1996.396 -241.2238
Gender -21402.92 20467.11 -1.05 0.296 -61517.72 18711.88
Maritalstatus -5134.409 3201.229 -1.60 0.109 -11408.7 1139.885
Edustatus 3465.925 1291.659 2.68 0.007*** 934.3205 5997.529
familysize. -6386.971 3631.127 -1.76 0.079* -13503.85 729.9077
Nooflaborforce 8189.485 4169.859 1.96 0.050** 16.71222 16362.26
Livstockown 664.0472 1279.995 0.52 0.020*** 1844.697 3172.791
Size of land 2736.872 1184.765 2.31 0.021*** 414.7746 5058.969
Fertilityoflan -5122.184 7411.477 -0.69 0.489 -19648.41 9404.044
Awernessofsfm 111242.7 46763.41 2.38 0.017**  202897.3 19588.0
Acestocredit 26911.49 41352.86 0.65  0.515 -54138.62 107961.6
Farm expriance 1225.27  414.4612 2.96 0.003*** 412.9413 2037.59

_cons 162929.8 70359.81 2.32 0.021 25027.12 300832.
SFM
Age -.0481842 .0178788 -2.70 0.007*** -.083226 -.0131424
Gender 1.083716 .6613468 1.64 0.101 -.2124995 2.37993:
Maritalstatus 1053786 .1031476 1.02 0.307 -.0967869 .307544!
Edustatus 0923784 .0526069 1.76 0.079* -.0107292 .195486
familysize. 3687676 .1734889 2.13 0.034** .0287356 .708799¢
Nooflaborforce .0000123 .0000269 0.46 0.646 -.0000403 .00006¢
Farmexprance 0399175 .0251471 1.59 0.031** -.00937 .089205
Sizeofland .0663785 .0909538 0.73 0.466 -.1118877 .244644%
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Fragmetland -5806221 .4511233 -1.290 0.198 -1.464807 .303563:
Positionofland -1.048252 .4005602 -2.62  0.009*** -1.833336 -.2631689
Awernessofsfm .730355 777667 2.220 0.026** 2059603 3.25475
Fertilityoflan 2745827 .3953669 0.69 0.487 -.5003222 1.04948t¢
Livstockown 1640941 .0561082 2.92 0.003*** 0541241 .274064
Acestocredit 1570713 .536052 2.930 0.003*** 52007 2.621355
Exteserv -.768847 .6664695 -1.15 0.249 -2.075103 .537409:
Farmorganaz -1.753282 1.168474 -1.5 00.133 -4.04345 .5368861
_cons -.44752 1.402034 -0.320 0.750 -3.195456 2.30041¢
Mills

Lambda 14194.08 24441.49 0.28 0.026 62098.52 33710.36
rho 0.38640

sigma 36734.619
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Linearregression with endogenous treatment  Number of obs = 222
Estimator: maximum likelihood Welhi2 13) =  65.18
Log likelihood =-2760.9586 Prob > chi2 = 0.0000
Coef. Std.Err. P>|z| [95% Conf. Interval]
Level of agricultural
income
Age 3.943852 244.8863 0.987 -476.0245 483.9122
Gender 1961.157 11213.32 0.861 -20016.54 23938.86
No of 5043.098 4307.606 0.242 -3399.655 13485.85
labor force
Education |2199.773 1124.236 0.050 -3.689218 4403.236
Farm -448.1133 372.6484 0.229 -1178.491 282.264
experience
Size of 4946.39 1152.865 0.000 2686.816 7205.964
land



Awareness | 8283.471 14976.91 0.580 -21070.73 37637.67
Livestock 344.756 1174.107 0.769 -1956.452 2645.964
fertility of -6633.523 7647.994 0.386 -21623.32 8356.27
land
Accessto |[-18423.78 13270.24 0.165 -44432.98 7585.415
credit
SFM
yes |11919.52 17402.92 0.493 -22189.57 46028.62
no 6144.966 10952.19 0.575 -15320.94 27610.87
_cons | 16600.04 21027.74 0.430 -57813.66 24613.58
SFMT Mean
income
yes 61294.35
no 28601.02
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