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Technical efficiency and impact of improved farm
inputs adoption on the yield of haricot bean
producer in Hadiya zone, SNNP region, Ethiopia

Tamirat Beyene!, Wondaferahu Mulugeta® and Tesfaye Merra®*

Abstract: Haricot bean is one of the most important food legumes of Ethiopia and it
is considered as the main cash crop and the least expensive source of protein for
the farmers. Low production and productivity, which are mainly associated with
poor adoption and inefficient implementation of improved farm technologies, were
among the major problems. Adoption and efficient utilization of improved farm
inputs is one of the most promising ways to reduce food insecurity in study area.
However, the adoption and implementation of these improved farm inputs is con-
strained by various factors. So, the aim of this study was to analyze the technical
efficiency and impact of improved farm inputs adoption on the yield of haricot bean
producers. A multi-stage sampling technique was employed to select 231 sample
household heads and they were interviewed using structured interview schedule.
Data analysis was done with the help of Stochastic Frontier Analysis; mainly Cobb-
Douglas Production Function, logistic regression model were employed. The
Stochastic Production Frontier result revealed that the allocated amount of land,
labour, seed, chemical fertilizer and oxen were appeared to be positively and
significantly influencing haricot bean production of both adopters and total sampled
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Technical Efficiency and Impact of Improved
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Producers in Hadiya Zone, Ethiopia has general
objective to analyze the technical efficiency,
adoption of improved farm inputs and their
impact on yield of haricot bean producers in
Hadiya zone. Despite the fact that the current
agricultural extension activities are promoting the
adoption of improved haricot bean seed and
chemical fertilizer utilization, the uptake of
improved farm inputs by haricot bean producers
have been inadequate; instead many farmers
have been using local haricot bean seed varieties,
and except few large-scale producers most har-
icot bean growers do not use chemical fertilizer at
the recommended level in the study area. Overall,
the information that generated from this study
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agricultural extension workers, and other stake-
holders to take evidence based decisions on effi-
cient resource use, promotion and scaling-up of
yield improving technologies.
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householders. The result of logistic regression model indicated that the probability
of adoption of improved farm inputs affected by extension service, information
access and cooperative membership positively and by market distance and crop
diversification negatively. Therefore, specialization, asset formation, innovative
institutional arrangement, information, extension and farmers training accompa-
nied with more access to chemical fertilizer in the study area.

Subjects: Agricultural Economics; Economics; Microeconomics; Development Economics

Keywords: Adoption; Impact; Efficiency; Frontier; Smallholder farmers

1. Introduction

1.1. Background

Grain legume production is dominated by small-scale farmers, and it is mainly cultivated as
a major consumable crop and production has been grown tremendously over the
2000-2012 period, at an annual average growth rate of 34 percent in the world (FAOSTAT,
2012). In 2008, the total world grain legume production was about 3.54 million tons that was
grown on 7.42 million hectares.

Although pulses have many desirable characteristics in terms of high value crops, rich in
nutrition and able to harness environmental benefits, in most parts of Ethiopia they are considered
secondary crops. As a secondary crop category, pulses do not receive investment resources and
policy attention as do the cereal crops, which are often, considered food security crops. Studies
have shown that pulses on an average contribute 15% of total protein intake, account for 13% of
the cultivated land and 8.5% of the total crop production in Ethiopia (Chilot et al., 2010). In recent
years the pulse sector shows a steady increase in productivity and total volume of production.
Recently the government of Ethiopia made strides to transform the subsistence smallholder
agriculture to commercial-oriented one. To this effect pulses are considered as the critical pathway
for transforming the subsistence agriculture into commercial-oriented agriculture (CSA, 2012).

Haricot beans are among the most important grain legumes produced by small-scale farmers,
both for subsistence and cash. On average, haricot beans account for 16.3 percent of pulse
production in Ethiopia (2005-2012), and are mainly produced in the lowlands and in the Rift
Valley areas, where they are a source of income, employment and food. Virtually all bean produc-
tion is carried out by about 3.1 million smallholder farmers, on small plots with minimal inputs
(CSA, 2012).

In southern region, haricot beans are one of the major and economically important commodity
crop produced by small-scale and mainly for both subsistence and commercial purposes. The
average production statistics (2005-2012) obtained from CSA (2013) depicted that southern region
accounted for the competent rank, almost 25% of the country’s total haricot beans production. In
this region, Hadiya zone is the main haricot beans producing area at small-scale levels.

Although, many small-scale farmers have been engaged in haricot beans production for a longer
period, currently large-scale (Investors) are also participating in haricot beans producing activities
in Hadiya zone with 63,963 hectares of land transferred to them (North Gondar Investment Office
(NGIO), 2014). Despite Hadiya zone has high potential in haricot beans production, average
productivity of haricot beans are far below the national average per hectare (Central Statistical
Authority (CSA), 2011). This is mainly due to poor crop management practices and limited avail-
ability and use of improved haricot beans varieties and fertilizer (CSA, 2012). Even though haricot
beans are considered as a low nutrient feeder, organic and inorganic fertilizer application showed
yield increment compared to untreated plots (Haruna, 2011; Umar et al., 2012). However, adoption
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and application of chemical fertilizer remains low in the study area and in Ethiopia in general. For
example, in 2011, at the national level chemical fertilizer users were only 30-40 percent which
primarily used for legume production while insignificant proportion is used for haricot beans
farming and the physical application rate of fertilizer at household level is still below the recom-
mended dose (Spielman et al., 201; Rashid et al., 2013).

The domestic economy of Ethiopia is extremely dependent on traditional agriculture and agri-
cultural-based activities. Agriculture accounts for 38.8% of the country’s Gross Domestic Product
(GDP), 85% of all exports (coffee, livestock and livestock products and oil seeds), 70% of raw
materials for the industries and 85% of employment for the population in the country (MOFED,
2006; Ministry of Finance and Economic Development (MoFED), 2010). In particular, the role of
agriculture in securing the food needs of the fast-growing population is considerable. Despite its
contribution to the GDP and export earnings, the sector’s productivity is very low. The rationales for
the low agricultural productivity in general and for haricot bean in particular in Ethiopia mainly
include severe weather fluctuations, a decline in soil fertility, poor linkage of input and output
markets, low technology adoption rate, production inefficiency, poor infrastructure and market
access, prevalence of pests and diseases, and low capacity and in-efficient governmental and
private sector institutional services (Dercon & Hill, 2009; FekaduGelaw, 2007; Katungi et al., 2010).

Efforts have been underway by the national agricultural research system since its establishment
in 1956 and a number of improved farm inputs have been released for the farming community. In
spite of these efforts, productivity gains are not as such adequate in the country. Low level of
adoption of improved farm inputs is among the major reasons (Ahmed et al., 2013; Hailu et al,,
2014; Spielman et al, 2011). In Ethiopia, over the period (2005-2012/13), area cultivated with
haricot beans increased from 164 to 359 hectares, a 120 percent growth. On the other hand, the
average national yield per hectare is low over the same period, with an average of 0.99 tones/hec
(CSA, 2014). The productivity rate of haricot beans is low due to low use of chemical fertilizers,
small plots for cultivation associated with population growth and land fragmentation; limited
access to improved seed varieties; and poor land-management techniques (International Food
Policy Research Institute (IFPRI), 2010).

Agricultural productivity depends on the level of improved farm inputs as well as on efficient use
of resources in the production process. Among improved farm inputs that could improve produc-
tivity, chemical fertilizer and improved seed varieties are the major components. However, due to
many factors, farmers are mainly using local and uncertified seed. In addition, the use of chemical
fertilizer is insufficient and that only few farmers have been applying it at recommended level on
their haricot bean fields while many of them are resistant to use (EPPA Ethiopian Pulses
ProfileAgency, 2011). For this reason, despite improvements over the past decade, the productivity
of agricultural system is very low and about 36% of the population are in chronic food insecurity in
the study area (Zonal report, 2017). Similar to the other parts of the country, haricot bean is among
the most important staple food crops grown in Hadiya zone. Improving the technical efficiency and
technology adoption particularly for haricot bean producers would influence the food security of
the private peasant households in the study area.

But researches on technical efficiency of peasant agriculture are not extensive, and the findings
or conclusions of some of them are not consistent with one another. Therefore, policy implications
drawn from some of the above empirical works may not allow in designing area-specific policies to
be compatible with its socio-economic as well as agro-ecologic conditions and the results of some
of the studies may not allow making comparative analysis of farmers’ efficiency across all areas.
As improved technologies are developed and promoted, we must note that adoption is necessary,
but not sufficient, to enhance yields. The technical efficiency with which these technologies are
applied in the farmers" fields is equally if not more important (Mwangi, 2014).
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However, many studies in relation with improved agricultural technologies are focused only on
determinants of technology adoption in a single manner, but not in combination (complementary)
with its determinants of efficient implementation (Ahmed et al., 2013; Biftu et al., 2016; Amare and
Bekele, 2016). In such cases, it is difficult to have a clear understanding of the adoption of
agricultural technology and its technical efficiency. Other existing studies even on haricot bean
technology adoption are broad and at national level (eg. Shiferaw et.al., 2014; Jaleta, 2007). These,
in turn, have a limitation in terms of targeting solutions towards addressing policy interventions in
specific contexts. Hence, examining the impact, technical efficiency and determinants of improved
farm inputs adoption on haricot bean producer’s yield and income would give information whether
to continue with the existing technology by improving the efficiency of less efficient farmers or to
promote an improved farm inputs adoption with improving its efficiency so as to increase haricot
bean productivity in the study area.

Therefore, analyzing the factors affecting technical efficiency, improved seed and chemical
fertilizer adoption in the study area was paramount importance. This study aimed at filling these
research gaps. The general objective of this study is to analyze the technical efficiency, adoption of
improved farm inputs and their impact on yield of haricot bean producers in Hadiya zone.

2. Empirical literature review

2.1. Efficiency analysis

Debebe et al. (2015) studied on efficiency of maize production and its determinants using para-
metric stochastic frontier production function applying Cobb-Douglas production function and
Tobit model for smallholder maize producing farmers in Jimma zone of southwestern Ethiopia.
The maximum likelihood (ML) estimates of the parameter of the stochastic frontier Cobb-Douglas
production function results showed that the mean technical efficiencies score was found to be
62.3%, indicating a substantial level of inefficiency in maize production. Inefficiency effects also
had modelled in a second stage applying a two-limit Tobit regression model. The model revealed
that technical efficiencies are positively and significantly influenced by size of household, educa-
tion level, the size of livestock holding (TLU), extension service, cooperative membership and use of
mobile cell-phone, while total landholding size of the household head was negatively and sig-
nificantly influencing efficiencies of maize production.

The empirical performance of the parametric distance function and data envelopment analysis
with application to adopters of improved cereal production technology in Eastern Ethiopia was
studied by Alene and Zeller (2005). Both approaches reveal that there are substantial technical
inefficiencies of production among sample farmers. Technical efficiency estimates from the two
methods are positively and significantly correlated. But the data envelopment analysis (DEA)
approach is found to be very sensitive to outliers and choice of orientation. The parametric
distance function results are very robust and revealed that adopters of improved technology
have average technical efficiency of 79 percent implying that the farmers could increase food
crop production on average by 21 percent if they fully exploit the potentials of improved seeds and
chemical fertilizers. The authors also confirmed that the single output production frontier approach
has been the standard approach to farm level efficiency analysis and most have revealed sub-
stantial inefficiencies of production in developing countries.

Mekonnen et al. (2015) used a stochastic frontier production function to estimate farm house-
hold efficiency and its determinants among sesame producer farmers in south Omo zone,
Southern Ethiopia. The cross-sectional data analysis from 120 randomly selected farm households
of sesame producers was indicated that the Average Technical Efficiency (TE) was 67.11%. This
implies that farmers can increase their sesame production on average by 32.9% if they were
technically efficient. Results of the Tobit model revealed that soil fertility; non-farm income and
credit access positively and significantly affected TE.
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The study conducted by Bifarin et al. (2010) examined technical efficiency using stochastic
frontier model on cross-sectional data by fitting Cobb-Douglass production function on plantain
farmers in Nigeria. The findings showed that technical efficiency indices varied widely and the
estimated coefficients indicated that age and extension services are significant and positively
correlated to technical efficiencies. In addition, the results of the inefficiency models revealed
that farmer education and access to credit contributed significantly and positively to technical
inefficiency, while extension visit and age had a significant impact, but had an inverse relationship
with it. This implies that the older the farmer is, the more efficient he becomes.

Okpe et al. (2012) assessed resource use efficiency and rice production in Nigeria using gross
margin analysis and stochastic production function on cross-sectional data. The results indicate
that yield and profit of small farmers is low compared to large farmers; the estimated coefficients
using maximum likelihood show positive sign implying increase in quantities of input use would
result in increase of rice output. The inefficiency model also shows that resource is not fully utilized
in all farm categories. It can be noted from this finding that most farmers are inefficient in farm
resource utilization which is also in line with the findings of several production efficiencies in
developing countries.

Similarly, technical and scale efficiency analysis in rice production using data envelopment
analysis was conducted in Nigeria by Ogisi et al. (2012). They found out that most rice farmers
(about 77 percent) operate with increasing returns to scale; education level, farmers experience
and extension agents visit significantly influenced the efficiency level of farmers in rice production.
However, farm size is found to be negatively correlated and has no effect on resource use
efficiency.

Tadese et al. (2014) used household survey data from Ethiopia and evaluated the impact of
agricultural cooperatives on stallholder’s technical efficiency in crop production. They used pro-
pensity score matching to compare the average difference in technical efficiency between coop-
erative member farmers and similar non-cooperative farmers. The results show that agricultural
cooperatives are effective in providing support services that significantly contribute to members"
technical efficiency. These results are found to be insensitive to hidden bias and consistent with
the idea that agricultural cooperatives enhance members" efficiency by easing access to produc-
tive inputs and facilitating extension linkages. According to the findings, increased participation in
agricultural cooperatives should further enhance efficiency gains among smallholder farmers.

2.2. Adoption analysis

Arega et al. (2010) assessed the importance of farmers’ access to resources, extension services,
and availability of improved maize seed in their study on adoption of improved maize varieties
measured by Tobit regression model in central highlands of Ethiopia. In addition, the study also
found that farm income is a significant factor differentiating users from non-users and hence has
implications for changing the existing input credit scheme, which requires farmers to settle
25-50 per cent down payments. Such requirement may be beyond the capacity of the resource
poor farmers and thus represents a hindrance to adoption of improved agricultural production
technology. At the same time, availability of improved seed proved to be a major constraint for
adoption, a fact that calls for improvements in improved seed delivery to effectively cope with the
demands of small farmers.

Yu et al. (2011) examined the determinants of the adoption of fertilizer and seed technology in
Ethiopia using a double-hurdle model of fertilizer use for major crops. The study reveals that
access to fertilizer is related to access to extension services and that production specialization
together with wealth play a major role in explaining crop area under fertilizer. Inefficiency in farm
input utilization is found to be the most important factors limiting adoption of fertilizer.
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Adoption study conducted by Asfaw et al. (2011) examined that the farmer’s decisions to adopt
agricultural technologies using cross-sectional sample data from farmers in Ethiopia. They esti-
mated a logistic model to analyze the determinants of technology adoption conditional on over-
coming access constraints. The study reveals that knowledge and perception about the attributes
of improved farm inputs, household wealth (livestock and land) and availability of active labor
force are major determinants for adoption of improved technologies.

Teame (2011) has investigated fertilizer adoption and the intensity of fertilizer utilization using
a panel data in Tigray region, Ethiopia. Tobit model has been used to examine factors that
determine the probability of fertilizer adoption and the intensity of fertilizer use. The likelihood of
fertilizer adoption has been explained by the head of the household’s education status, labour
endowment, farm size, the number of plots that the farmer used, the distance to plots from
homesteads, oxen ownership and the distance to market from residence. On the other hand, the
intensity of the input use is explained by the household head’s education status, farm size, manure
use, the number of plots the farmer used, the distance to plots from homesteads, and oxen
ownership. The study indicated that time has its own significant impact in determining the
intensity of the input use, and it has less effect on the likelihood of fertilizer adoption in the region.

Edward et al. (2013) investigated the effect of factors influencing mineral fertilizer adoption
among smallholder farmers in Northern Ghana. The result of logistic regression estimate indicated
that income of household head, membership of farmer association, distance to agricultural office,
access to input shop, income-earning household that do not participate in agricultural develop-
ment project was the significant factors influencing fertilizer adoption.

3. Research methodology

3.1. Data requirement and sources

This study was used both quantitative and qualitative data to maintain balance between them
because neither of the two types can be sufficed by themselves to incorporate the trends and
details of the situation that they need to complement each other, to allow a complete analysis and
generate reliable information (Silverman, 2005). When both quantitative and qualitative studies
are applied together enable us to gain a sound understanding of the problems. The data include
both secondary and primary data sources; both theoretical and empirical literatures, organization’s
reports and, small-scale producers and experts at zonal and district level.

3.2. Sampling method and sample size

Multi-stage and a combination of both purposive and random sampling techniques were employed
to draw representative sample. In the first step, out of eleven woredas in the zone, three woredas
such as misrak badawacho, shashogo and meirabbadawacho were purposively selected for this
study. The reason for purposive sampling was, the presence of large number of haricot bean
producing household heads and its extent of production in the study area. The three woredas
actually comprise of 91 rural kebeles. From these, 73 kebeles are major haricot bean producer
kebeles. Since the research focusses basically on haricot bean production, haricot bean producer
kebeles were the major target areas for sample selection (Zonal report, 2016/17).

In the second stage, out of 73 kebeles from three woredas, eight kebeles were selected
randomly. In the third stage, the researcher stratified haricot bean producers into improved
farm inputs adopters and non-adopters based on the list of households of the kebeles who
produce haricot bean during 2016/17 production year, hereafter 231 sample farm household
heads were selected from the total household heads of eight kebeles by using systematic random
sampling (SRS) technique based on probability proportional to size (PPS).

According to Edriss (2013) the bigger controversy arises when determining adequate sample size
to run a regression model due to their weakness and strength of the formulae. Therefore, we need
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to reconcile sample size that are determined using some formulae and the minimum sample size
required to run a model with a number of variables included in the model. Hence, what is
suggested by most statisticians and econometricians is that to take into consideration the number
of variables in the model; and determine the sample required. Thus, using:

n = 10 times the number of relevant independent variables in a given model written as:

n = 10K (1)

Where n is sample size and K is the number of relevant independent variables included in the
model and as long as, 10 K greater than n = 30 (the magic number in parametric statistics). To
determine a representative sample size for this study, the relevant explanatory variables consid-
ered are 21 for the small-scale haricot bean producers.

Therefore, using equation (1) and the given values as well as the resources available for the
survey, the feasible sample size (n) to be interviewed is calculated as 210 representative sample
household heads were selected from the haricot bean producers.

Even though, the total sample size is calculated as 210, in order to increase accuracy of
estimation and considering the large samples 10% (21 sample respondents) from the total sample
were additionally selected. Therefore, the total sample respondents were 231. Then, the sample
size for each producer group from each district was calculated as:

ni = n(%) andn=Yn; (2)

where ni is the sample size from each selected district (i = Misrak badawacho, Meirab bada-
wacho and Shashogo) woredas where, n is total sample size of the study which is the sum of
the sample size of the three woredas, and Ni is total haricot bean farm household head in
respective woredas, and N is the total population or haricot bean farm households of the three
woredas combined (Table 1). This procedure was applied separately for each producer group.
Similarly for the allocation of sample size for each kebele, the same procedure (PPS method)
was applied. Then the total number of haricot bean producer households in the three woredas
are 22,150 (Hadiya zone agricultural development offices, unprocessed data obtained through
personal communication). The existing proportion of haricot bean producers of Misrak bada-
wacho, Meirab badawacho and Shashogo woredas were estimated 37.7, 30.3 and 32 percent,
respectively. Based on this proportion, sample respondents from participant and non-
participants in improved seed; chemical fertilizer and fertilizer with improved seed for each
woredas and kebelewas allocated. Finally, the participant and non-participant households were
used for the analysis of all stated objectives. Numbers of sample respondents" distribution from
each woredas are depicted as follow, Sample respondent distribution from each woredas are
depicted as follow:

Table 1. Selected districts and sample distribution

District Household size Sample size
Misrak badawacho 8373 87
Meirabbadawacho 6701 70
Shashogo 7068 74

231
Total 22150
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3.3. Data collection methods

Cross-sectional data from both primary and secondary sources were collected as well as struc-
tured and pre-tested questionnaire was applied to collect primary data. Both quantitative and
qualitative information was collected through face-to-face interview with individuals, key infor-
mants and then focus groups discussions using enumerators from recruited agricultural extension
staff with prior experience in survey work. Enumerators have been trained on the objectives of the
survey, a detailed question-by-question review of the survey instrument, instructional sessions on
interviewing techniques, role-playing exercises, and practice interviews with local farmers. Before
data collection, pre-testing of the questionnaire have been carried out, and then depending on the
results, there were some adjustments that would be made to the final version of the questionnaire.
This interview schedule was contained socio-economic, demographic characteristics, institutional
and organizational variables. In addition, personal observations and informal communication with
small-scale farmers from sample kebeles was implemented in order to generate primary informa-
tion. Secondary data were obtained from government offices and other relevant organizations.

3.4. Methods of data analyses

The data was analyzed using descriptive and inferential statistics and econometric methods.
Descriptive and inferential statistics such as mean, percent, standard deviation, t-test, F-test, Chi-
square test, likelihood ratio test and analysis of variance (ANOVA) were used to analyze the data
that was collected from sample household heads. Analysis of technical efficiency, identifying
determinants of adoption of improved farm inputs and analyzing impact of adoption of improved
farming inputs and their determinants were carried out using econometric methods. Particularly,
Stochastic Frontier Cobb-Douglas Production, Double-hurdle model analytical techniques were
employed to analyze haricot bean technical efficiency, determinants of adoption of improved
farm inputs and impact of agricultural technology adoption on farmer’s yield, respectively. For
this analysis, STATA software version 13 was used.

3.4.1. Efficiency analysis
3.4.1.1. Specification of the stochastic frontier model. Stochastic Frontier Model was introduced by
Aigner et al. (1977) and Meeusen and van den Broeck (1977); and for n sample farms, it can be

written as:
Y=f(xp) +¢ (3)
Where Y; is haricot bean output of the jt’household’s farm, i = (1, 2, and 3 ... n) are sample

household farms, X; is the i_th household used by the j_th input and g is a vector of unknown
parameters and eis composed of error term which can be written as:

£=V—0v; (4)

Where v; is a symmetric random error which represents random variations, or random shocks in
the production of the j™ household, outside the control of the farmer assumed independently and
identically distributed asN (0,02). The error term v; is a one-sided non-negative variable which
measures technical inefficiency of the ith household, the extent to which observed output falls
short of the potential output for a given technology and input levels. The method helps to
decompose deviation of the actual observed haricot bean output from the estimated frontier
into random variations and inefficiency. Hence,

vj =25+ w; (5)

Where, Z; is a vector of variables that explain inefficiency of i""household. 5 Is a vector of unknown
coefficients that are to be estimated in the model, and w; > —Z;5 to ensure that »; > 0 (Battese and
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Coelli, 1995). The technical efficiency of production of the i farm in the data set, given the level of
inputs, is defined by the conditional expectation evaluated at the maximum likelihood estimates of
the parameters in the model, where the expected maximum value of Yis conditional onv = 0. The
measure of technical efficiency (TE)must have a value between zero and one. Following equations
(3) and (5), technical efficiency was estimated as:

TE = E(yi|lu;)/E(yi|luj = 0) = (~u;) = (=Z;6 — W) (6)

Or equivalently could be expressed as:

actualoutput 'y exp(Xif + v; — vj)

= potential ouiput ~ y ~ _exp(Xp ey~ PV

i

Where TEis technical efficiency, the inefficiency term v;is always between 0 and 1, When v;is equal
to zero, then production is on the frontier y;x = exp (Xi# + v;)andTE = 1, therefore a farmer is
technically efficient. When v;is greater than zero (v;> 0) the farmer is technically inefficient
(TE< 1), since production will be below the frontier.

Given the specifications of the stochastic frontier model expressed in equations (6), the stochastic
frontier output (potential output) for the it" farm is the observed output divided by the technical
efficiencyTE;:

Y EXB+vi—w)

=7F = o) =exp(Xif +vi) (7)

Yix

The parametric specification of stochastic frontier production function in the Cobb-Douglas form
for one output and n inputs is given by:

lny,- = ﬂo + Zzzlﬂi In X,‘ + v — v (8)

Where,

yi: is haricot bean output of it"household,

X;: represents vector of farm inputs used

Bo: is intercept

Bi: is vector of production function parameters to be estimated.

Given the level of technical inefficiency derived from equation (7) and the above-specified
Xvector inefficiency explanatory variables (Table 2), the coefficients of inefficiency variables was

Table 2. Definitions efficiency measurement variables

Variables Description (all are in natural logarithms)
Ln(output) Haricot bean output in quintal

Ln(land) Cultivated haricot bean land (ha)

Ln(labor) Labor (man-days)

Ln(oxen) Labor (oxen-days)

Ln(fertilizer) Chemical fertilizers used in kg

Ln(seed) Combined quantity of seed in kg

Ln(chemicals) Combined quantity of chemicals in It
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estimated simultaneously along with the coefficients of input variables. As discussed above,
technical inefficiency effect v; is specified as:

vj = o + (SjZ,' + w; 9)
Where, §; is a vector of unknown coefficients that are to be estimated in the model.

4. Results and discussion

This chapter presents the results and discusses the core findings of the study and presents
empirical analyses of impact of agricultural technology adoption with its intensity and efficiency,
and it further discusses the findings of the study in comparison with earlier related research
results.

4.1. Adoption analysis

In this section, we analyze factors affecting haricot bean farmers’ adoption decision of improved
technologies (like chemical fertilizer and improved seeds) by taking 2016/2017 production year as
a reference. To analyze the problem we employed a Logistic regression model and fourteen explanatory
variables were hypothesized to influence the probability of adoption included in the analysis (Table 3).

However, prior to running the final regression analysis, both the continuous and discrete
explanatory variables need to be checked for the existence of multi-collinearity using Variance
Inflating Factor (VIF) and the contingency coefficient (CC) methods. Accordingly, as can be seen
from the results, our test result suggests that, there is no serious multi-collinearity problem in

Table 3. The maximum likelihood estimates of the logistic model

Logistic regression Number of obs = 231.000
Wald chi2(14) = 78.220
Prob> chi2 = 0.000

Log pseudo likelihood = 18.54 Pseudo R2 = 0.478

Determinants of Coef. Robust z P>z [95% Conf. Interval
Adoption Std. Err.

Constants -1.221 2.303 -0.530 0.096 -5.735 3.293
Land size 0.256 1.275 0.200 0.841 -2.242 2.755
Market distance -0.496 0.164 -3.030 0.002 -0.817 -0.175
Credit access -0.427 1.465 -0.290 0.771 -3.298 2.445
Family size -0.222 0.241 . -0920 0.356 -0.695 0.250
Age of householder -0.031 0.072 -0.430 0.668 -0.172 0.110
TLU 0.095 0.313 0.300 0.762 -0.518 0.707
Off income 0.856 1.278 . 0.670 0.503 -1.649 3.360
Extension service 2.120 1.272 1.670 0.096 -0.374 4.614
Membership to coop 1.535 0.746 2.060 0.039 0.074 2.996
Soil fertility -3.210 1.806 . -1.780 0.076 -6.750 0.330
Education 1.574 1.666 0.940 0.345 -1.691 4.839
Gender -1.067 0.887 -1.200 0.229 -2.806 0.672
Distance to FTC 0.392 0.241 1.630 0.103 -0.079 0.864
Information access 10.377 2.976 3.490 0.000 4.544 16.209

Source: Own computation, 2018

Note: extension services refers: agriculture extension workers consultation and meet of farmers per month where as
information access it means any information farmers may get from neighbours, friends or media regarding their farm
inputs.
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our model, since there is no strong association among the hypothesized explanatory variables.
Therefore, all of the proposed potential explanatory variables were included in the final
regression.

Five variables were found to be statistically significant in explaining farmer decision to improved
technology. The likelihood of deciding to adopt agricultural technology for a household is affected
to positively increase for those householders who have good access for extension service, informa-
tion access and membership on agricultural cooperatives but negatively influenced with attitude
of soil fertility and market distance.

Accesses to information positively affect the likelihood of adopting agricultural technology. This
effect is captured by ownership of information supporting assets like TV, radio or mobile phone,
education level of the household head and contact with extension agents. To adopt the newly
introduced agricultural technology, farmers need to be aware of the available agricultural tech-
nology as adoption is sometimes hampered not only by the inherent characteristics of the
technologies themselves but also by lack of awareness of the end users of the technologies.
Hence, farmers’ awareness about the available technologies is an important factor for the adop-
tion to take place. Our results confirm this preposition. Awareness of improved varieties and
chemical fertilizer was statistically significant in explaining adoption. Those farmers who knew
more about improved varieties and chemical fertilizer during preceding year probably have better
information about the advantages of them and are likely to adopt and allocate more land during
the current year. The result of study may actually show that information was the major limiting
factor determining the farmer’s ability to get hold of improved seeds and chemical fertilizer. This
positive effect of farmer technology awareness variable is consistent with studies for pigeonpea
varieties Tanzania (Shiferaw et al., 2008), cowpea varieties in Nigeria (Kristjanson et al., 2005) and
maize varieties in Tanzania (Kaliba et al., 2000).

Contact with extension agents explained the variation in adoption to agricultural technology
significantly.

The result indicates that distance to market has significant and negative influence on adoption of
improved technologies by less than 1% Level. This implies that improved farm technology adoption by
farmer’s increases with increased access to market. The probable reason for this was that farmers who
have more access to input and output markets had access to market information such as price
information on different production input and output. Besides, they were accessing agricultural inputs
to purchase and utilize. On the other hand distance from the market of the farm households is
expected to directly affect the transaction cost on input purchase and output marketing. The higher
the distance from the market, the higher the transaction cost and lower the likelihood of adoption
haricot beans variety and fertilizer. Results of similar previous studies (Mulugeta & Bekele, 2014; Ogada
et al.,, 2014) also supported existence of inverse relationships between distance of the farmers from
market and the likelihood of adoption of new crop variety.

Similarly, soil fertility perception of the farm households on the crop is significantly (negatively)
related to status of adoption of improved farm technologies specifically chemical fertilizer.

Being a member of a cooperative institution was found to positively influence adoption of
improved farm technologies. Other factors remain constant, being members of cooperatives
were found to affect farmers’ likelihood of the technology adoption by the factor of 1.5, and the
result was statistically significant at 5% level. The result conveys the message that cooperatives
are among the strongest social institutions that play crucial roles in adoption of improved agri-
cultural technologies, and also findings from the studies by Tesfay et al. (2005), Abebawand Haile
(2013) and Ahmed (2015) are consistent with this result.
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All variables capturing access to extension information (number of contacts with extension
workers) returned significant coefficients with expected positive signs at 10% level suggesting
that farmers who have more contacts with extension personnel are significantly more likely to
know of the existence of improved farm inputs than farmers that had fewer contacts with
extension personnel.

4.2. Efficiency analysis using SFA method

4.2.1. Test of hypothesis

This section tries to evaluate the extent of farm households’ TE of haricot bean production in the
study area. Keeping in mind the widely accepted way of carrying out SFA in efficiency analysis, it
was opted for executing multiple inputs and one output and it is possible to test various
hypotheses using maximum likelihood ratio test, which were not possible in non-parametric
models.

In order to choose an appropriate model for further analysis and interpretation, hypotheses
tests are critical before discussing about parameter estimates of production frontier function and
the inefficiency effects. Because of this, three hypotheses were tested, to select the correct
functional form for the given data set, for the existence of inefficiency and for variables that
explain the difference in efficiency.

The first test identifies an appropriate functional form between restrictive Cobb Douglas and the
more flexible Translog production function which specifies that square and cross terms are
equivalent to zero. The Translog frontier function turns into Cobb-Douglas when all the square
and interaction terms in the translog are zero. The test is made based on the value of likelihood
ratio (LR) statistics, which can be computed from the log likelihood value obtained from estimation
of Cobb-Douglas and Translog functional specifications. Then, this computed value is compared
with the upper 5% critical value of the x2 at the degree of freedom equals to the difference
between the numbers of explanatory variables used in the two functional forms (in this case
df = 21). For the sample households, the estimated log likelihood values of the Cobb-Douglas and
Translog production functions for total sample households were —163.5 and -152, (It is =97 and
-86.7 for adopters and —58.92 and —47.7 for non-adopters) respectively. The computed value of
likelihood ratio (LR) = 23 for total householders (20.6 for adopters and 22 for non-adopters) is
lower than the upper 5% critical value of the x2 with its respective degree of freedom (Table 4).
Thus, the null hypothesis that all coefficients of the square and interaction terms in Translog
specification are equal to zero was not rejected. This implies that the Cobb-Douglas functional
form adequately represents the data.

The second null hypothesis was HO: y = 0, which specifies that the inefficiency effects in the SPF
were not stochastic, i.e. haricot bean producing farms are efficient and have no room for efficiency
improvement. After the appropriate production function is selected, the next step is a test for
adequacy of representing the data using SPF over the traditional mean response function, OLS. The
null hypothesis, HO: y = 0, which specifies that the inefficiency effects are absent from the model
(that is all haricot bean producers are fully efficient). Whereas, the alternative hypothesis, H1:
y > 0, states that there is inefficiency in production of haricot bean in the study area. Since this
study is using the STATA version 13 computer programs, after fitting the function with the required
defined variables the computer output displays results which include the test of null hypothesis
about inefficiency component. From this computer program output it is found that, log likelihood
value = 184.14, (x2 (01)-value = 13.29 and p = 0.001) for total sample households (but it is log
likelihood value = 97, (x2 (01)-value = 19.11 and p = 0.025 for adopters and log likelihood
value = 58.92, (x2 (01)-value = 8.21 and p = 0.04 for non-adopters). Therefore, the decision of
null hypotheses HO: y = 0, which specifies that the inefficiency effects are absent from the model is
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Table 4. Generalized likelihood ratio tests of hypothesis for the parameters of the SPF

Null hypothesis LHO LH1 Calculated | Critical Decision
x2 (LR) x2 value
value
For Total HO: = Bij=0 -184.14 -169.6 29.08 32.67 Not reject
;‘c’)z’szleholds HO:y =0 -206 -184.14 43.72 2.71 Reject HO
HO:=81=..68 -203.36 -184.14 38.92 32.67 Reject HO
21=0
For Adopters | HO: = Bij =0 -97 -86.7 20.6 32.67 Not reject
HO:y=0 -103.35 -97 12.7 2.71 Reject HO
HO:=861=...68 -135.52 -97 77.04 32.67 Reject HO
21=0
For Non HO: =Bij=0 -58.92 -47.7 22 25 Not reject
Adopters HO:y =0 -63.35 -58.92 8.86 2.71 Reject HO
HO:=81=...68 -81.8 -58.92 45.76 32.67 Reject HO
21=0

Source: Own computation result, 2018

rejected at 1% level of significance for the total sampled households (but it is 5% level for both
adopters and non-adopters).

The coefficient for the discrepancy ratio (y) could be interpreted in such a way that for the
total sampled households about 85.40% (90% for adopters and 80.20% for non-adopters) of
the variability in haricot bean output in the study area was attributable to technical inefficiency
effect, while the remaining 14.6% variation in output was due to the effect of random noise
(10% for adopters and 19.80% non-adopters). This implies presence of scope for improving
output of haricot bean by first identifying those institutional, socioeconomic and farm attribute
factors causing this variation. Therefore, this data can be better represented by the stochastic
production frontier than the average response function. The null hypothesis was rejected (Table
4). This implies the traditional average production function does not adequately represent the
data. Therefore, the inclusion of the technical inefficiency term is an important issue to the
model.

The third null hypothesis that the explanatory variables associated with inefficiency effects are
all zero (HO: 6 1 =6 2 ... = 621 = 0) was also tested. To test this hypothesis likewise, LR (the
inefficiency effect) was calculated using the value of the Log-Likelihood function under the
stochastic production function model (a model without explanatory variables of inefficiency
effects: HO) and the full frontier model (a model with explanatory variables that are supposed to
determine inefficiency of each: H1).

For the total sample households, the calculated value LR = -2(184.14-203.3) = 38.92 (for
adopters LR = -2(97-135.52) = 77.04 and for non-adopters LR = —2(58.92-81.8) = 45.76) is greater
than the critical value of 32.67 at 21 degree of freedom (Table 4) the value of LR implying that, the
null hypothesis (Ho) that explanatory variables are simultaneously equal to zero was rejected at
5% significance level. Hence, these variables simultaneously explain the sources of efficiency
differences among sample farmers in the study area. Thus the observed inefficiency among the
haricot bean farmers in Hadiya zone could be attributed to the variables specified in the model and
the variables exercised a significant role in explaining the observed inefficiency. Therefore, the
result confirms as the null hypothesis was rejected, implying that there is at least one variable that
explains the difference in efficiency.
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Table 5. Maximum likelihood estimate of stochastic production frontier model (House holders),

Types Variables Parameters @ Coefficients Std. Err. Z-value
For total sample | Constant BO 2.3003*** 2.2983 0.46
house holders ') \3d) 81 2185 5203 0.42
n(labor) B2 .6395 6478 0.99
Ln(fertilizer) B3 2948 1451 2.03
Ln(seed) B4 .1265%* .0156 8.09
Ln(Oxen) B5 .0756 4258 0.18
Ln(chemicals) B6 .1105* .0591 1.87
Sigma- square | &2 694+
Gamma .854
Lambda 2.427%*
Log likelihood -184.14
function
Returns to scale 1.4653

*, **, *** Significant at 10%, 5% and 1% level of significance
Source: Model output, 2018

4.2.2. Estimation of parameters of production function model
The output variable was crop production defined as quantity of haricot bean harvested in quintals
whereas the inputs were land, labor, seed, fertilizer, oxen and agrochemicals.

The result of the Cobb-Douglas stochastic production frontier for the total sampled householders
showed that inputs like chemical fertilizer (at 1% significance level), seed (at 5% significance level)
and agrochemicals (at 10% significance level) allocated for haricot bean were found to positively
and significantly explained the level of efficiency of haricot bean production (Table 5), which are
important variables in shifting the frontier output to the right. This indicated that at each and every
unit of these variables there is a possibility to increase the level of output. But the increase of land,
labour and oxen is insignificant.

Table 6. Maximum likelihood estimate of stochastic production frontier model (Adopters)

Types Variables Parameters Coefficients Std. Err. Z-value
For Adopters Constant £0] 10.31 *** 2.2439 1.42
Ln(land) Bl 0.3972 0.01748 1.35
Ln(labor) B2 0.1921 0.0118464 1.14
Ln(fertilizer) B3 0.4481** .0286937 3.83
Ln(seed) B4 0.1351** 1816554 2.61
Ln(Oxen) B5 0.1144 1.115554 1.45
Ln(chemicals) B6 0.2572** 1673656 2.13
Sigma- square | &2 .6350 7161
Gamma 0.90
Lambda 31
Log likelihood -0.97
function
Returns to scale 1.54

*, xx, +* Significant at 10%, 5% and 1% level of significance
Source: Model output, 2018
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Table 7. Maximum likelihood estimate of stochastic production frontier model (Non-Adopters)

Types Variables Parameters Coefficients Std. Err. Z-value
For Non- Constant g0 -1.2148*** 0.076242 -1.99
Adopters Ln(land) B1 | 01254 0.01805 0.41
Ln(labor) B2 0.1931*** 0.0431438 1.30
Ln(seed) B3 —0.1440*** 0.0868763 -8.56
Ln(Oxen) B4 ‘ 0.1367*** 0.0595249 7.13
Ln(chemicals) B5 0.1227 0.0534926 0.42
Sigma- square | &2 0.289*
Gamma 0.802
Lambda 2.010%**
Log likelihood | 582
function
Returns to scale 0.72

*, **, ¥+ Significant at 10%, 5% and 1% level of significance
Source: Model output, 2018

In the case of improved technology adopters the result showed that inputs such as both
chemical fertilizer and improved haricot bean seed at 1% significance level and agrochemicals
at 5% significance level explained the level of efficiency of haricot bean production positively
(Table 6), the remaining inputs like land, labour and oxen does not affect the production system
insignificantly. On the other hand the amount of labor and oxen allocated for haricot bean
production were found to positively and significantly contribute at 1% significant level and amount
of seed used affect the producers efficiency negatively at 1% significance level of non-adopters.
The reason for the negative impact of seed usage is that significant amount of non-adopter
farmers used local seed with broadcasting system which is exposed for over population of seed-
lings and high completion for the limited amount of nutrients. The labor and agrochemicals
allocation has insignificant effect on non-adopters of haricot bean producers (Table 7).

Out of total inputs allocated for haricot bean production, the elasticity of fertilizer is very high
implying that these have more effect in determining the output level at the best practice (the
maximum technical efficiency score). The positive coefficients of inputs indicate a 1% increase in
fertilizer, seed and agro chemicals yields 0.2948%, 0.1265% and 0.1105% increase in haricot bean
output improvement, respectively for the sampled householders; in the case of improved farm
technology adopters 1% increase in fertilizer and seed causes 0.4481% and 0.1351% increments
on haricot bean yield. But for the non-adopters 1% increase in human labor, oxen and local seed
provides 0.1931% and 0.1367% increments and 0.1440% decrement on haricot bean output,
respectively. In other words, as indicated on the above tables if all the inputs are improved by
1%, haricot bean output would increase by 1.4653% for total sampled householders (1.54% for
adopters and 0.72% for non-adopters). The results showed that improved farm technology adop-
ters are operating in the stage one of production process (increasing return to scale) and have
ample opportunities to increase output by improving their efficiencies.

Even though nonnegative and less than one value of the sum of elasticity of non-adopters imply
that producers are operating in the stage two of the production process (decreasing return to
scale), they are not efficient in allocation of resource this implies production is inefficient moreover
there is a room to increase production with a decreasing rate. But to break decreasing return to
scale, the only way is that non-adopters are promoted to adopt new technologies that improve
productivity of haricot bean farm. The reason is that in the long run improving the existing level of
technical efficiency of non-improved farm technology adopter households alone may not lead to
significant increment in the level of haricot bean output.
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Another essential outcome in the analysis is the variance ratio parameter y which found to be
significant at 1% level expressing that about 85.4% of haricot bean output for the total respon-
dents (90% for adopters and 80.2% for non-adopters) deviations are caused by differences in farm
level technical efficiency as opposed to the random variability that are outside their control of the
producers. In order to decrease inefficiency (technical as well as noise) specifically for non-
technology adopters it is advisable to internalize external technologies like improved seed and
chemical fertilizers to boost productivities.

4.2.3. Technical efficiency scores of sample households

According to the SFA model results, there exists a difference in efficiency scores among the haricot
bean farmers in the study area. TE scores range from 11.7% to 91.9% (from 67.6% to 84.1% for
adopters and from 45% to 93% for non-adopters). Such low efficiencies in production indicated
potential for improvements in haricot bean production given the current levels of technology
among the farmers.

The SFA model results indicated that the average farm households’ TE of 59.8% (it is 77.4% for
adopters and 78.8% for non-adopters), indicating farm households are producing 40.1% less (that
means 22.6% for adopters and 21.2% for non-adopters) of potential output given their prevailing
level of technology and input use. Alternatively, the farmers could still produce their current
outputs of these crops with fewer inputs if they were more efficient. Under the assumption of
CRS, the efficiency scores remain the same in both input orientation (input minimization) and
output orientation (output maximization).

Thus, if we had chosen to keep inputs constant and measure efficiency in output increasing
direction the efficiency score is also indicating that outputs should be increased by 40.1% to
become efficient (it became 22.6% % for adopters and 21.2% % for non-adopters).

Therefore, this result shows the existence of significant technical inefficiency in haricot bean
production among smallholder farmers in the study area. The mean levels of efficiencies were
comparable to those from other similar studies in Ethiopia (Seyoum et al., 1998; Alene & Zeller,
2005; Debebe et al., 2015; EndriasGeta et al., 2010; Haji, 2008).

4.2.4. Estimation Results of Sources of Inefficiency

Understanding the sources of TE and its extent is very important for policy making to address the
problem of farm households. In this regard, demographic, socio-economic farm and farmer-
specific and institutional variables were hypothesized to affect level of inefficiency of haricot
bean growing farmers in the study area. Accordingly, the inefficiency model parameters were
estimated by MLE method using one-stage estimation procedure (Table 8). After measuring levels
of households’ efficiency and determining the presence of efficiency differences among house-
holds, finding out factors causing inefficiency disparity among households was the next most
important step of this study. To see this, inefficiency levels of sample households were regressed
on factors that were expected to affect inefficiency levels using a MLE estimation procedure. The

Table 8. Summary statistics of estimated technical efficiencies of sample households

Types of sample Technical efficiency estimates
Maximum Minimum Mean Standard
deviation
Total sampled 0.919 0.117 0.598 0.186
householders
Adopters 0.841 0.676 0.774 ' 0.041
Non Adopters 0.930 0.450 0.788 0.076

Source: Model output, 2018.
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Table 9. Maximum likelihood estimates of the factors determining technical inefficiency

Total sampled Adopters Non Adopters
householders
Variables Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err
Constants -1.247 1.855 -0.988 0.222 -1.054 2.298
Access to training -0.783*** 2.162 -0.783** 2.162 -0.788 0.526
Extension service -0.405 1.006 -0.405 1.006 -0.122 0.301
Land Fragmentation 0.019 1.068 1.100 1.356 0.227 0.326
Land size -1.100 1.356 -0.255 0.297 0.014 0.050
Distance to market 0.255*** 0.297 1.286** 1.164 0.194**+ 0.302
Access to road -1.286 1.164 -1.727 1.361 -0.120 0.312
Land Slope 1.727 1.361 0.233 0.641 0.011 0.099
Access to credit -3.977 3.975 1.537 1.314 -0.181 0.313
Family size 0.233 0.641 0.056 0.139 0.009 0.018
Diversify 1.537* 1.314 0.090** 0.347 0.008 0.072
Age 0.056 0.139 1.043 0.701 0.012 0.195
TLU -0.090** 0.347 -2.187** 1.371 -0.692 0.323
Experience -1.043 0.701 -3.977 3.975 -0.265 0.587
Membership -2.187 1.371 -2.057 2.536 -0.747 0.669
Information access -0.953 1.816 -0.953 1.816 -0.598 0.519
Non Farm Income -1.131 1.183 -0.019 1.068 -0.506 0.326
Soil fertility -0.743 1.045 -1.131 1.183 -0.474 0.325
Education -0.628 1.260 -0.743 1.045 -0.428 0.359
Sex -0.157** 1.293 -0.628 1.260 -0.261** 0.308
Distance to FTC 0.410%** 0.320 0.157** 1.293 -0.285 0.367
Number of oxen 0.008 0.031 0.028 0.021 0.020* 0.023

*, x*, e+ Significant at 10%, 5% and 1%, level of significance
Source: Model output, 2018.

marginal effects of changes in explanatory variables from regression were computed for the
purpose of interpretation. That is, the derived values for the significant explanatory variables
indicated that the effects of a unit change in those variables on the unconditional expected
value of TE and expected value of TE conditional upon being between 0 and 1, and probability of
being between 0 and 1.

The result of the model showed that TE total sampled householders were significantly influenced
by access to training, distance to market, sex of householders, distance to FTC, crop diversification
and livestock holdings. In the same manner access to training, distance to market, distance to FTC,
total livestock holdings and crop diversification were important factors influencing TE of improved
farm input technology adopters in the study area. Non adopters were also significantly influenced
by sex of householders and market distance and oxen holdings (Table 9).

There were significant differences in technical efficiencies among male-headed and female-
headed farm households. Male-headed households are more likely to be efficient than female-
headed farm households. This is due to the fact that female-headed households have additional
responsibilities within the household, such as caring for children and this may affect the relative
crop productivity of females.

Livestock holdings (excluding ox) had a positive and significant effect on TE in haricot bean production.
Farmers who owned large number of livestock were technically more efficient in crop production. This is
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because livestock provides manure fertilizer and also a source of income that can be used to purchase
agricultural inputs. Possessing a large number of livestock is crucial to increase TE in crop production in
the study areas. Thus, a unit increase in the value of TLU would have an overall increase in the level of TE.
The current result is consistent with the findings of Abdulahi and Eberlin (2001), Ahmed et al. (2002),
Bamlaku et al. (2004), Beyene (2008), Tesfay et al. (2005), Asfaw et al. (2011), and Debebe et al. (2015) in
their respective studies with different crops.

Oxen holdings had a positive and significant relationship on TE in crop production. This is
because oxen provides a draught power, manure fertilizer and is a source of income. Thus,
possessing a large number of oxen is crucial to increase TE in crop production in the study
areas. This result is consistent with the findings of EndriasGeta et al. (2010) on maize efficiency.

Another factor worth considering, as a variable affecting TE, is proximity to factor markets. The
hypothesis in this study is that households located near markets are expected to have higher TE
than those located in remote areas. This might be due to the fact that as farmers are located far
from market, there would be limited access to input and output markets and market information.
The other possible argument can be access to markets may increase the non-farm employment
opportunities with higher returns than from farming, leading them to reallocate labour from farm
to non-farm activities. More importantly, longer distance from market leads to higher transaction
cost that reduces the efficiency of crop-producing farmers. Similar result was found in the work of
Bamlaku et al. (2004), EssaChanie (2011), and Hasen (2013).

Farmers’ access to training is expected to provide farmers with new information, training, and
demonstrations to encourage best farming practices. Thus, the study considered access of training
as one factor of efficiency and there were statistically significant positive relationship between
access to training and technical efficiencies among farm households.

Farm households in the study area experienced to grow diversified crops to minimize drought
risks resulted from shortage of rainfall and small land holding. However, the result revealed that
having more number of diversified crops negatively and significantly influencing farm households’
technical efficiency. The result confirmed that if a typical household add one more crop to grow
from the existing crops, then there would have an overall decline in the probability and level of TE.
A plausible reason for this observation can be attributed to the fact that under diversified cropping
systems, farm households needs to make use of more inputs like fertilizer, seeds and labour, which
implies increasing cost pressure more than attaining productivity that contributes the existence of
substantial technical and economical inefficiency.

5. Conclusion

The agricultural sector in Ethiopia would continue to be the main source of economic development
and the growth of this sector would originate from smallholder farmers. But in the current food
insecurity is aggravated by rapid population growth and low productivity. The main reason for low
productivity is the low adoption of new improved farm inputs and weak technical efficiency of the
sector. The possibility of expanding cultivable land is almost exhausted; this problem could be
solved only through improving agriculture sector performance specifically small-scale farmers
technical efficiency, in complementary with breaking through the resistance to new technologies,
and expansion of modern improved farm inputs adoption to exploit the maximum yield on existing
cultivated land.

Empirical analysis of improved farm inputs of smallholder farm households computed by logistic
model pointed out different determinants impacting the improved farm inputs adoption. To this
effect, result of the model showed that the adoption of agricultural technology for a household is
affected positively with extension service, information access and membership on agricultural
cooperatives but negatively influenced with attitude towards soil fertility and market distance.
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Econometric analysis of technical efficiency of smallholder farm households (adopters and non-
adopters) computed by SFA model pointed out that 85.40% (90% for adopters and 80.20% for non-
adopters) of the variability in haricot bean output in the study area was attributable to technical
inefficiency effect, while the remaining 14.60% variation in output was due to the effect of random
noise (10% for adopters and 20% non-adopters).The major significant factors determining techni-
cal inefficiencies for total sampled householders were access to training, distance to market, sex of
householders, distance to FTC, crop diversification and livestock holdings. In the same manner
access to training, distance to market, distance to FTC, total livestock holdings and crop diversifi-
cation were for adopters and sex of householders, market distance and oxen holdings were for
non-adopters.

Out of six only three inputs like chemical fertilizer, seed and agrochemicals allocated for haricot bean
were found to positively and significantly explained the level of efficiency of haricot bean production
(fertilizer, seed and chemicals have significant positive impact for adopters but labor and oxen have positive
and seed have negative effect for non-adopters); In other words, if all the inputs are improved by 1%,
haricot bean output would increase by 1.4653% for total sampled householders (1.54% for adopters and
0.72% for non-adopters). The SFA model results indicated that the average farm households’ technical
efficiency (TE) of 59.8% (it is 77.4% for adopters and 78.8% for non-adopters), indicating farm households
are producing 40.1% less (that means 22.6% for adopters and 21.2% for non-adopters) of potential output

given their prevailing level of technology and input use.
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