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Introduction: Farm mechanization has multi-dimensional impacts on agricultural
production systems like economic efficiency and productivity, thereby improving
the quality of life in the farming community by reducing work drudgeries. However,
these impacts were not studied empirically in Ethiopia. Hence, this research was
initiated to estimate the level of economic efficiency, and productivity of wheat
and barley, and the impact of farm mechanization on economic efficiency and
productivity of wheat and barley.

Methods: The analysis was done for 232 and 257 wheat and barley producer
farmers respectively who are selected from the Arsi and West Arsi zones. The
stochastic frontier model was used to estimate economic efficiency while
augmented inverse probability weighted (AIPW) was used to estimate the impact.

Resultsand discussion: Based ontheresult, itisapparentthat farm mechanization
has a significant positive impact on wheat productivity while the percentage
change in average treatment effect for the barley was not statistically significant.
Farm mechanization also affects wheat and barley economic efficiency positively.
Hence, we recommended the wider use of farm mechanization to improve
economic efficiency and productivity. Therefore, policy design should focus on
ways to avail farm machinery easily like establishing farm mechanization service
centers and facilitating credit services for mechanization service renders.

KEYWORDS

augment inverse probability weight, economic efficiency, farm mechanization, impact,
stochastic frontier analysis

1 Introduction

The impacts of agricultural mechanization have been estimated for different outcome vary
in different regions of the world. Amirani (2001) and Houmy et al. (2013) pointed out that
farm mechanization has multi-dimensional impacts in agricultural production system like
economic efficiency, and life quality of the farming community by reducing work drudgeries.
Its introduction can also increase the productivity of the farming system significantly,
especially where agriculture is more dominated by traditional technologies. Mechanization
reduces production costs, thereby increasing profit and reducing food costs (Cossar, 2019;
Bello, 2012). Farm mechanization has great impacts on factor productivity improvement like
labor productivity, land productivity, and capital productivity (Goyal et al., 2014). Moreover,
the literature indicated that farm mechanization has an impact on the adoption of technologies
like an improved seed, chemical fertilizer, agrochemicals, etc., and crop yields (Takeshima
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et al,, 2013; Benin, 2015; Ma et al,, 2018; Paudel et al., 2019; Zhang
et al., 2019; Zhou et al., 2020; Zhou and Ma, 2022).

The advantages of farm mechanization can also be explained in
terms of acquired or desired work quality and maintained timeliness
of work accomplishment which can contribute to production quality
(Houmy et al., 2013; Bello, 2012). The level of industrialization and the
development of the agricultural economy of a nation are also directly
related to farm mechanization (Singh, 2006). In general, agricultural
mechanization can contribute to sustainable production and
productivity to secure food self-sufficiency through the mitigation of
labor shortage, and reduction of drudgery and other production
bottlenecks (Wang et al., 2016; Zhou and Ma, 2022). Therefore,
estimating the impacts of farm mechanization on productivity and
economic efficiency is rational and can generate evidences for policy
and development interventions (Hormozi et al., 2012; Singh, 2006).

Recently, there are several studies on impacts of farm
mechanization on production efficiency and farm productivity in
different parts of the world. For example, Soliman (1992) studied
impact of farm mechanization in Egyptian agriculture and found that
farm mechanization has significant impact both on productivity and
efficiency of all kinds of crops under consideration, i.e., wheat, maize,
cotton and rice. The author also found highest and significant impact
of mechanization on wheat economic efficiency compared to other
crops. Similarly, Min et al. (2021) conducted research on impact of
mechanization at different phases on agricultural operation and they
found that mechanization has different impact at different phases.
Accordingly, they found that mechanization has a positive effect on
technical efficiency at the chemical application phase, but does not
affect efficiency at the plowing and harvesting phases.

Impact of farm mechanization in rice productivity in Cauvery
delta zone of Tamil Nadu state was studied by Chidambaram (2013).
Mamman (2015) also studied the influence of agricultural
mechanization on crop production in Bauchi and Yobe states of
Nigeria. The study by Vortia et al. (2019) also indicated that
Mechanization has positive impact and leading to increase
productivity and profitability of rice producers in Bangladesh. The
above-mentioned studies all identified that farm mechanization has
significant effects on productivity and technical, and economic
efficiency of farm mechanization on different crops and suggested the
importance of the technology in production.

Similarly, introduction of farm mechanization, as kind of technical
change in agricultural activities, is expected to have certain impacts
on production, productivity and economic efficiency of smallholder
farmers in Ethiopia. The findings on impact of farm mechanization in
developing countries in the past were not in conformity with each
other and lack conclusiveness (Tan, 1981). In order to bridge the gaps,
several empirical studies have been conducted in different parts of the
developing countries. To this end, a number of empirical and
conclusive case studies on impacts of farm mechanization on different
outcome variables like productivity (production/hectare) and
economic efficiency different countries were conducted. Similar to
other developing countries, demonstration and popularization efforts
were started since 1970s in Ethiopia (Stahl, 1973; Cohen, 1987) mainly
around the central and southern parts of Oromia region. However,
there were also similar debates about the impacts of farm
mechanization in Ethiopia during 1970s. Research conducted in
Chilalo Agricultural Development Unit (CADU) project areas
concluded that the expansion of farm mechanization had different
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negative outcomes to small-holder farmers like the eviction of tenants,
high soil erosion, reduction of pastureland and others. Based on the
findings, the government decided to ban farm mechanization
(Henock, 1972). As a result, farm mechanization was only practiced
on limited areas and some state-owned farms in Ethiopia (Mohammed
etal,, 2000). But there is also recent findings that farm mechanization
has positive impacts on yield in Ethiopia (Guush et al., 2017).

However, the government of Ethiopia has recently taken
substantial steps to promote farm mechanization through policy
supports such as provision of tax-free farm machinery imports, and
credit facilities through youth employment opportunities by the
Development Bank of Ethiopia under the “machinery lease financing
scheme” The tax-free machinery import was approved by the Ministry
of Finance in 2019 for farm machinery and irrigation technologies.
The lease financing service is not limited to youths but also other
interested potential investors in areas of agriculture to purchase farm
machineries including tractors, combine harvesters, irrigation
technologies, and livestock husbandry technologies since 2016
(Development Bank of Ethiopia, 2016a, 2016b). These efforts are
evidence for the beliefs developed nationally that farm mechanization
is more important and contributing to the growth of production, and
productivity being attained in Ethiopian agricultural sector.
Furthermore, studies indicated that machinery up-take at national
level is increasing from time-to-time (Guush et al., 2017). Despite over
seven decades of efforts to mechanize Ethiopian agriculture and the
multi-dimensional impact of the technologies, studies on these areas
are not sufficient (Workneh et al., 2021). On the other side, there are
still debates at every corner on the importance and timeliness of farm
mechanization. Particularly, there is a dearth of studies on the impacts
of farm mechanization on economic efficiency and farm productivity
of smallholder farming households in Ethiopia in general and in
central and southern Oromia region of Ethiopia in particular. Hence,
this research was initiated to fill the gap observed in this area with
specific objectives of estimating the impacts of farm mechanization on
economic efficiency and farm productivity in central and southern
Oromia, Ethiopia. Specifically, the study is aimed at providing and
clearly showing the importance and positive impacts that the wider
use of farm mechanization can have on regional and national
agricultural production and productivity. It can also indicate the way
forwards to promote farm mechanization.

2 Methodology of the research
2.1 Description of the study area

This study was conducted in two selected zones of central and
southeast part of Oromia regional state. The region is located 3°24"20”
North to 10°23"26” North latitudes (extending for about 7° north to
south and 34°7’37” East to 42°58'51” East longitudes (extending for
about 9° west to east) in tropical zone. In terms of both population size
and land mass, Oromia is the largest regional state in Ethiopia by
occupying approximately 34, and 37% of land and populations,
respectively. Even though it varies from study to study, its average
estimated area is about 363,375km? (BoFED, RD and ICP, 2012).
Based on the CSA (2013) projection, its population by 2025 is
estimated to jump over 42millions. In terms of spatial coverage of its
temperature, more than 99% of the area of the region is suitable for
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crop growth. The region receives annual rainfall of 1,600-2400 mm in
highland part and less than 400 mm in lowland parts of the region
(MoA, 2000). The lion-share of national crop cultivated land is also
from Oromia region. For instance, in 2020/21 production season, the
region’s total all crop cultivated land accounts for 46.24% of total
national crop cultivated area (CSA, 2021).

The two zones, selected for this study Arsi and West Arsi, are in
central and southeastern part of Oromia region, respectively. The
geographical locations of the four sampled districts are indicated in study
map (Figure 1). There are two reasons for the area limitation of this study.
The first and foremost reason is that the area has more exposure to farm
mechanization technologies and it is easy to get respondents who are
experiencing the technologies for the analysis of impacts. The second
reason is due to the limitation of time and resource to cover wider
geography of the nation. Arsi zone geographically lies between 6°45'N to
8°58'N latitude and 38,032’E to 40°50” E longitude while West Arsi zone
extends from 6,01229” to 7,042’55” latitude and 38,004'04” to 39,046’08”
longitude (Oromia Bureau of Finance and Economic Development
(OBOFED), 2011; Tamrat et al., 2019).

Crop-livestock mixed farming is practiced in the area. Livestock
are sources of traction forces and manure for agricultural activities
and biomass fuel and income sources in the area. Barley and wheat are
among widely grown crops in the two zones. While Oromia covers

10.3389/fsufs.2024.1414912

52.51% of total wheat cultivated land of Ethiopia, the two zones
together covered 33.24 and 17.45% of total wheat grown land of
Oromia and Ethiopia, respectively. Similarly, major barely production
of the region and the country as a whole is from these two zones.
Accordingly, in 2020/21 production season, 47.59% of barley grown
land was from Oromia where Arsi and West Arsi alone covered
37.67% of Oromia and 17.93% of national barley farm (CSA, 2021).
In nutshell, these two zones are among the zones that are surplus
producers in Oromia region.

2.2 Data types, data collection method,
and target groups

Data used in this study was both qualitative and quantitative
primary data that have been collected from farm households in the
study area. Data related to households’ socioeconomic characteristics,
crop production system, inputs use intensity, household off-farm and
farm income, and other related were collected using a structured
questionnaire. Additional qualitative data to enrich the quantitative
data was collected by using focus group discussion at each kebele.
Data collection was conducted from April to May 2022 by trained
enumerators from Asella Agricultural Engineering Research Center
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FIGURE 1
Geographical location of the study area (Arsi and West Arsi zones).
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under the full supervision of the researchers. A Census and Survey
Processing System (CSPro) software was employed for data collection.
CSPro is a software package for entry, editing, tabulation, and
dissemination of census and survey data. It is commonly used to
conduct surveys in agriculture and economic among others
(Ponnusamy, 2012).

2.3 Sampling frame and sampling
procedures

A stratified multi-stage sampling procedure was employed to
sample respondent households. In the first stage, Arsi and West Arsi
zone were purposively selected as representatives for the central and
southern parts of Oromia region and where adoption of farm
mechanization is considerably high. Due to similarity in terms of
agroecological zones and farming systems, the two zones were highly
homogenous and sampling of districts and kebeles were designed
accordingly. The study mainly focused on highland and midland
districts of the study area where adoption of farm mechanization is
relatively high. Districts having better practices of farm mechanization
were first identified and listed. Then, at the second stage, from the
identified districts with better farm mechanization practices, two
districts from each zone, i.e., Hetosa and Lemu-bilbilo from Arsi and
Kofele and Gedeb-Hasasa districts from West Arsi were also selected
randomly. Thirdly, a total of eight kebeles (the lowest administrative
unit), two from each district, were selected randomly. The number of
households from each kebele was determined based on probability
proportional to the size of the district’s household population size. The
final sample size was determined using Kothari’s (2004) formula
which gives us the maximum proportional sample size.

Z%pq _ (1.96)(0.5)(0.5)

2

N= 2
e (0.05)

~ 385

Where N is the desired sample size; Z is the standard cumulative
distribution that corresponds to the level of confidence with the value
of 1.96; e is desired level of precision; p is the estimated proportion of
an attribute present in the population with the value of 0.5 as suggested
by [srael (1992) to get the desired minimum sample size of households
at 95% confidence level and +5% precision; q=1—p. Accordingly, a
sample of 385 was proposed and finally, 397 household heads were
selected and interviewed using random sampling technique by adding
12 respondents for contingency purpose.

The sample households producing wheat and barley are not
mutually exclusive. Hence, since there are households who are
producing wheat but not barley; and there are producing barley but
not producing wheat; economic efficiency estimation was only
257 barley-

calculated for only 262 wheatproducer and

producer farmers.

2.4 Methods of data analysis and synthesis
Information and data related to the impacts of farm mechanization

on economic efficiency, and farm productivity were analyzed and
synthesized using different statistical and econometric tools.
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Descriptive statistics like mean and inferential statistics were largely
employed to analyze and summarize demographic and socioeconomic
variables. An estimator for average treatment effects (ATEs) known as
the augmented-inverse-propensity-weighted (AIPW) estimator
method was used to analyze the impacts of the level of farm
mechanization on those outcome variables (Glynn and Quinn, 2010).

2.4.1 Farm mechanization use impact pathways

A farm household can adopt farm mechanization at different
levels (low, medium, and high levels) categorized based on the
mechanization index (MI) calculated based on per hectare expense of
household to use farm mechanization as it is done by different authors
(Wang et al., 2018; Singh, 2006). Figure 2 depicts the impact pathways
for different levels of farm mechanization and how it affects different
outcome variables and ultimately the household’s income. According
to the literature, farm mechanization directly affects farm productivity,
and overall production efficiency (economic efficiency) through
timeliness of production operations, overcoming seasonal labor
shortages, and reducing wastages and inefficiency of input applications
and ultimately the household income (Zhou and Ma, 2022; Hormozi
et al., 2012; Abass et al., 2017; Paudel et al., 2019; SHI et al., 2021).

On the other way, the adoption of farm mechanization can
improve productivity and income by reducing work drudgery,
increasing labor productivity, and saving time for leisure and oft-farm
and non-farm income-generating activities. For instance, Sang et al.
(2023) found that the use of farm mechanization in rural China has a
significant impact on improving nonfarm income. Furthermore, the
use of farm mechanization can also improve productivity and
household income by optimizing agricultural inputs like chemical
fertilizers and agrochemicals (Zhang et al., 2019; Zhou et al., 2020; Su
et al., 2022; Afridi et al., 2020; Kirui, 2019). For instance, the use of
precision agriculture in fertilizer and agrochemicals application can
optimize the gain from those inputs by reducing wastage. The use of
mechanization technologies can also bring impacts on productivity
and production by appropriate placement and rate of application.

2.4.2 Specification of stochastic frontier cost
function and cost efficiency

Prior to the estimation of the impact of farm mechanization level
on the economic efficiency of a household, the economic efficiency of
wheat and barley producer farmers was estimated using Farm
mechanization -Low level -Medium level -High level Improve
production (economic) efficiency Improved yield (Productivity)
Household income -Save labor time -Reduce drudgery Increased time
for better farm management Off-farm income/activity Increased
investment on yield improving inputs (fertilizer, seeds, and
agroechemicals) stochastic frontier cost function and cost efficiency
estimation methods. The stochastic frontier function method is
preferred over the non-stochastic method like data envelopment
analysis (DEA) as it accounts for measurement errors due to the
absence of farm records and agricultural variability due to climatic
hazards, plant pathology, insect and pests (Battese and Coelli, 1995).
Hence, the assumption of DEA which accounts for all deviation from
the frontier to inefficiency is not logical in agricultural production.
Accordingly, the SFA model is selected and specified as follows
(Equation 1):
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FIGURE 2

Impact Pathways of farm mechanization adoption on different outcome variables.

Y":F(X";ﬁ)eXP(V"*U")izlz 3.1 0

Where Y; is the production of the i farmer, X, ; is a vector of
inputs used by the i"™ farmer, p is a vector of unknown parameters, V;
is a random variable which is assumed to be N 0,0'2 , and is
independent of the U; which is a non-negative random variable

assumed to account for technical inefficiency in production.

2.5 Production efficiency estimation

A Cobb-Douglas production function form which describes the
transformation relationship from input to output (
) is employed. Cobb-Douglas production is a widely used
production function in agricultural production ( ;
; ) mainly due to its simplicity over
translog function. A translog function has problems of multicollinearity
and degrees of freedom that can arise due to a substantial number of
parameters to be estimated. Hence, the use of the translog function
especially with input variables of more than three is difficult for
computation. Moreover, parameters are not directly interpreted
because of the second-order terms involved in the function, and
additional calculations are needed to get the partial outputs elasticities
of individuals. Hence, the Cobb-Douglas production function for
wheat/barley crops is preferred and defined as follows ( ):

InY; =Info; + filn X1; + foIn Xp; +
BsIn X3; + faIn Xg; + BsIn Xs; + fg In X;
+ﬂ7lnX7,~+ﬁglnX3,~+V,~—ul- (2)

Where In is the natural logarithm; ¥; is the production of the i
farmer; X, ,~'s represents land (ha), labor (man-days), number of oxen
(oxen-days), seed (Kg), agrochemicals (litters), chemical fertilizer
(Kg), land plowed by tractor (ha) and grain harvested by combine
harvesters (qt); and /8 are parameters to be estimated. Similarly, viis a
random disturbance that captures the stochastic noise in the

Frontiers in

production and is independent of the inefficiency term, and
distributed normally. Ui is also a non-negative random variable that
represents the technical inefficiency of production. It is independently
and identically distributed as half-normal N Q0,0',E ) Economic
efficiency is more important than technical and allocative efficiencies
to understand the efficiency of wheat and barley producers. Hence, a
dual cost efficiency frontier of the Cobb-Douglas production function

is specified following as follows
( ):
InCi=ap+oyInP. +ayIn P, +a3In P,
+agIn By +asin B +agIn Pr +
3)

a7inB +agin Py +agn ;" +(vl- +ul-)

Where Ci is minimum cost a household incurred in wheat/barley
production; ¥;"is total wheat/barley production adjusted for noise;
B.toF.p, represents price of land, labor, oxen-days, chemicals, seed,
fertilizer, tractor rent and combine rent, respectively, and as are
parameters to be estimated. Furthermore, a self-dual cost frontier
parameter that is associated with dual production function parameters

can be expressed algebraically as follows ( and 5):
Ci =c(yiwisiB)+(vi +uj) el T (4)
uj = g(W;,8)+n; and ~iidN+(0,a%) (5)

Where C; = w[T X = Zw,,[xmis the cost (expenditure) incurred by
wheat/barley producer i, y; = ( Vlis-- -V Mi ) > 0 is a vector of maximum
output (wheat/barley) produced by producer i, w; = (w1,- .. .,wNi) >0
is a vector of input prices that wheat/barley producer i faced,
c( ViWiss B ) is the cost frontier that is common to all wheat/barley
producers, f and & are vectors of technology and inefliciency
parameters, respectively to be estimated, u; is a positive (ui > 0) error
term which captures cost inefficiency, v; is a statistical noise or a
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random error term that is symmetrically distributed and assumed to
be independent of u;. Cost efficiency is given as (Equation 6):

C(Y, B; B)expiUi
0 Pl o

CE; =

In Equation 2, the function g (W;,8) is an equation relating cost
inefficiency (1;) to a set of explanatory variables (/7;) that are
hypothesized to influence cost efficiency, J is the vector of unknown
parameters to be estimated from the cost inefficiency model, and 7;is
the random error term associated with it.

2.5.1 Specification of augmented inverse
propensity weighted estimator

In our research, the first step to analyzing farm mechanization
impact was to estimate the level of farm mechanization by using the
mechanization index. There are different methods to determine level
of farm mechanization used so far by different authors. The pioneer
work of Nowacki (1974) expressed level of farm mechanization for a
given field as ratio of works done by machineries to total works done
on the field during the whole production period. Others used
descriptive ways of expressing level of farm mechanization (Wawire
et al., 2016; Ozpinar, 2020). Zangeneh et al. (2010) also defined
Mechanization Index (MI) and level of mechanization for a given
province as ratio of total energy power (Kwh or MJha™) that has been
exerted by use of tractors and other machines to total land cultivated
in each area relative to the domain like country or region. Almasi et al.
(2000) and Maheshwari and Tripathi (2019) also calculated level of
farm mechanization as the ratio of total energy power (Kwh or
MJha™') that has been exerted by use of tractors and other machines
to total land cultivated in the study area. Machinery Energy Ratio
(MER) is also another method used by Collado and Calderén (2000)
which indicates the investment in machinery energy in comparison
with the other input energy sources required for crop production.
However, all above mentioned methods to determine level of farm
mechanization are not appropriate due to lack of information on types
and size of machineries, number and working hours on a given field.
Hence, the level of farm mechanization in this study was determined
by using Mechanization Index (MI) following Singh’s (2006) and
Wang et al., 2018 method as follows (Equation 7):

M Cui

ST 7
Chi +Cyi + Cyyi ()

Where, MI is the mechanization index expressed in percentage; Cyy,
Cyy;, and Cy; are costs of using machinery, human labor, and animal power
by i* household per hectare, respectively for wheat and barley crop
production. For ease of this activity, we first convert the continuous
treatment variable into multivalued treatment by taking the 30" percentile
and 70" percentile and categorizing the whole sample as low-mechanized,
medium-level mechanized, and high-level mechanized farms based on
the index of farm mechanization value so that we can employ multivalued
treatment effects (MVTE) estimation methods.

It is assumed that households are free to select themselves into
different levels of farm mechanization based on their demographic
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and socioeconomic characteristics (Takeshima, 2017; Ma et al., 2018;
Amoozad-Khalili et al., 2020; Tesfaye et al., 2021; Zhou and Ma, 2022).
And this situation will lead to a sample selection bias to estimate
effects of farm mechanization on outcome variables under this study.
Self-selection and other measurement errors are common problems
of observational data that have been tried to be overcome by PS
matching methods like pscore, IPW, and others. However, these
estimators are neither robust nor consistent. Hence, an estimator
known as augmented inverse probability weighted (AIPW) was
developed (Robins et al., 1994; Robins, 1999; Scharfstein et al., 1999)
and applied recently by social researchers (Glynn and Quinn, 20105
Linden et al., 2016; Ma et al., 2018; Zhou and Ma, 2022).

AIPW estimator instead of modeling either the outcome, like
regression adjustment (RA), or the treatment probability, like inverse
probability weight (IPW), models both the outcome and the treatment
probability. An interesting part of this estimator is that only one of the
two models must be correctly specified to consistently estimate the
treatment effects, a property known as “doubly robust” (Robins et al.,
2000). However, the model is not without limitations where it does not
address the unobserved endogeneity problem. However, since it
minimizes most shortcomings of other models mentioned above, and
this problem is rarely raised, the model is preferred over the others.
The property of “double robustness” is that it is consistent (i.e., it
converges in probability to the true value of the parameter) for the
ATE if either the propensity score model or the outcome model is
correctly specified. It also solves the problem of poor performance in
IPW especially with smaller data size (Raad et al., 2020). This enables
it to combine aspects of regression adjustment and inverse-probability-
weighted methods. It accepts a continuous, binary, count, fractional,
or nonnegative outcome and allows a multivalued treatment.

The three-step approach to estimating treatment effects in AIPW
are: 1. estimate the parameters of the treatment model and compute
IPW. 2. estimate separate regression models of the outcome for each
treatment level and obtain the treatment-specific predicted outcomes
for each subject. 3. compute the weighted means of the treatment-
specific predicted outcomes, where the weights are the inverse-
probability weights computed in step 1. The contrasts of these
weighted averages provide the estimates of the ATEs. In AIPW
estimation we are interested in three parameters: the potential-
outcome mean (POM) o; = E ( y,), 2. the average treatment effect
(ATE), and 3. the average treatment effect on the treated
(ATET) & =E(y; —yo)|t=t.

Under a normal risk-free situation, a household is assumed to
choose one of the three mechanization levels (low, medium, or high)
in order to maximize its utility from farm mechanization. Hence, a
household’s decision to use a different level of farm mechanization can
be modeled using the multinomial logit (MNL) model as follows
(Equation 8):

exp(Zif3))

—_— (8)
Zi‘:l exp(Z,ﬂj)

=

Where Fj; is the probability of a household ican choose to adopt
either of the three levels of farm mechanizations. Z; is a set of
demographic and socioeconomic characteristics, and ; is a set of
parameters to be estimated. At this stage a maximum likelihood
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method will be employed to estimate those parameters and also
generalized propensity scores (GPS) will be generated automatically
and saved.

The other value in MVTE model to estimate as mentioned above
is ATE of the use of the different levels of farm mechanization on the
outcome variables which are labor amount, chemical fertilizer,
agrochemical amount, productivity, and household income in our
cases (Equation 9).

ATE; = E[(Y; - %)\Zi | ©)

Where 1) is the potential outcome of the low-level group and
refers to the potential outcome of either medium or high-level farm
mechanization? For the test of model validity, the covariate balance
test and treatment effect overlap check were also conducted. The first
assumption implies that the distribution of each potential outcome
y(j) is independent of the random treatment t(j), conditional on the
covariates X and it is mathematically specified as (Equation 10):

Y(j)Le(j)IXx (10)

where “L” means “independent of” and “|” denotes “conditional

“
on” The second assumption of ignorability states that for every
possible X in the population, there is a strictly positive probability that
someone with that covariate pattern could be assigned to each
treatment level and mathematically expressed as (Equation 11):

Pj(X)=P(w=jlX) (11)

Both assumptions, covariate balance, and treatment effect overlap,
were checked by using “tebalance” and “teoverlap” commands,
respectively, and the model was appropriate for this data (Appendix 1;
Figure 2). Finally, a statistical software STATA version 17.0 was
employed to analyze the data.

3 Result and discussion
3.1 Postestimation test for model validity

The overlap assumption that states “each individual has a positive
probability of receiving each treatment Level” was tested by “teoverlap”
command on STATA version 17. The “teoverlap,” a post-estimation
command, that plots the estimated densities of the probability of
getting each treatment level is used to inspect whether the assumption
is violated as shown in Figure 3.

The figure depicted that neither plot indicates too much
probability mass near 0 or 1, and the three estimated densities have
most of their respective masses in regions in which they overlap each
other. Hence, there is no evidence that the overlap assumption is
violated in our data.

Second, a command known as “tebalance summarize” is employed
to test whether a “teffects” estimate command has balanced the
covariates over treatment levels. According to Austin (2009) the
covariates are said to be balanced if the covariate has a weighted
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standardized difference of equal or closest to zero and a weighted
variance ratio of one or nearer to one. The result for covariate balance
is given in Annex 1 and except for minor cases, the covariates are
balanced for the matching of the three MI levels.

3.2 Economic efficiency of wheat and
barley producers

The mean economic efficiency of wheat producers is found to
be 72% with values ranging from 5 to 95%. The reason for low value
(5%) of the minimum value could be crop failure for the individual
observation. The overall loss in producing wheat due to economic
inefficiency ranges from 95 to 5%. The findings of similar works done
in Arsi and other parts of Ethiopia also reported the closest results
(Milkessa et al., 2019; Mesay et al., 2013) to our findings. Similarly, the
mean economic efficiency of barley producers is 73% with values
ranging from 2 to 96% indicating a wider difference among individual
producers. The result also showed that there is a huge inefficiency cost
in barley production both in technical and economic inefficiency.
According to this result, the loss of production in producing barley
due to economic inefficiency ranges from 98 to 4% which is consistent
with other findings (Sime et al.,, 2022; Mustefa and Jema, 2020).
Hence, increasing economic efficiency of wheat and barley producers
can increase productivity by 28 and 27%, respectively, (Table 1).

3.3 Farm mechanization impact on wheat
and barley farm productivity

As stated before, farm mechanization can significantly affect farm
productivity through different factors like improving labor
productivity, land productivity, postharvest loss reduction etc. The
econometric model results also showed that potential yield of wheat
for farmers with low, medium, and high mechanization index is 3.68,
4.60 and 5.50 tons per hectare, respectively, (Table 2). As it is
hypothesized, the result showed that the level of farm mechanization
has positive and significant impacts on the productivity of the wheat
farm. According to the model output, compared to low-level
mechanized farms, both relatively medium-level and high-level
mechanized farms are more productive. This finding is consistent with
other studies in Ethiopia who found that farmers using combine
harvester were more productive compared to those threshing using
traditional methods of threshing (Guush et al., 2017) and from other
parts of the world (Zhou and Ma, 20225 Mather and Belton, 2018;
Belton et al., 2021; Kirui, 2019; Roy et al., 2022; Peng et al., 2022;
Feryanto et al., 2022), as well as with evidence from our focus group
discussion and key informant interview in these areas. The result
further shows that relative to the low mechanized farm, adoption of
the medium mechanization level increases wheat farm productivity
by 26%. Relative to the low-mechanized farm, the high-level
mechanized farm is more productive by 48%. Similarly, relative to
medium level MI, the high-level MI farms are more productive by 18%.

The result in Table 3 further shows that the potential outputs
mean of barley are 4.20, 4.50 and 5.00 tons per hectare for low,
medium, and high levels of farm MIs, respectively. The result showed
that farm productivity is increasing with an increase in the level of
farm mechanization implying a direct relationship between the level
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TABLE 1 Economic and technical efficiency of wheat and barley producers (bc estimated).

Variable Observation Std. Dev.
Economic efficiency (wheat) 232 0.72 0.19 0.05 0.95
Economic efficiency (barley) 257 0.73 0.21 0.02 0.96

TABLE 2 Results of the treatment effects on wheat productivity (tons/ha): AIPW estimation.

ATT estimates

Percentage change in ATE

Coefficient z-value Coefficient z-value
Mechanization level
Medium MI vs. low MI 9.48 (4.96) 1.91% 0.26 (0.17) 1.53
High MI vs. low MI 17.77 (5.19) 3425 0.48 (0.20) 2.39%
High MI vs. Medium MI 8.30 (2.18) 3,80 0.18 (0.05) 3,58
PO means by the MI level
Low MI 3.70 (4.81) 7,647
Medium MI 4.60 (1.23) 37.52
High MI 5.50 (1.79) 30477

Robust standard errors are in parenthesis; *, **, *#* =significant at 10, 5 and 1% level.

of mechanization and productivity, but the result is not statistically
significant. The insignificant result may be due to the fact that combine
harvesting, which is the main contributor in increasing productivity
by reducing postharvest losses, is not widely used in barley production.

3.4 Farm mechanization impact on the
economic efficiency of wheat and barley
producers

Farm mechanization level impact on the economic efficiency of
households is estimated for wheat and barley farmers separately. Three
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observations are found to have propensity scores below the minimum
overlap of the common region while four got above the maximum
overlap of the common support region hence a total of seven
observations were excluded from the analysis.

Table 4 presents the result of treatment effects on wheat and barley
economic efficiency. The results revealed that wheat farmers who are
in the category of medium and a higher level of farm mechanization
are economically more efficient than those having a low MI. Relative
to the low level of MI, medium-level MI, and high-level MI are more
economically efficient by 37 and 49%, respectively. Similarly, relative
to medium-level MI, farmers with high-level of MI are more efficient
by 7% economically. Similarly, barley producer farmers with higher
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TABLE 3 Farm mechanization impact on barley productivity: AIPW estimation.

Treatment-effects estimation for barley productivity; Number of observations = 240

ATE estimates Percentage change in ATE

Level of farm Coefficient z-value Coefficient

mechanization

Medium MI vs. low MI 3.06 (4.58) 0.67 0.07 (0.12) 0.63
High MI vs. low MI 7.46 (6.06) 1.23 0.18 (0.16) 1.12
High MI vs. Medium MI 4.41 (4.29) 1.03 0.10 (0.09) 1.02
PO means by the level of MI

Low mechanization index 420 (4.39) 9.64%%*

Medium mechanization index 4.50 (1.22) 37.38%%*

High mechanization index 5.00 (4.13) 12.08%#*

Robust standard errors are in parenthesis; *** =significant at 1% level.

TABLE 4 Results of the treatment effects estimation for wheat and barley economic efficiency.

ATT estimates

Percentage change in ATE

Coefficient z-value Coefficient z-value
a. For wheat produces
Mechanization level
Medium vs. Low 0.15 (0.03) 5.76%%* 0.37 (0.13) 2.88%#
High vs. Low 0.08 (0.03) 2.28%* 0.49 (0.14) 3.51%%*
High vs. Medium MI 0.07 (0.02) 4.65%*%* 0.07 (0.01) 4.65%#%
b. For barley producers
Level of mechanization
Medium MI vs. Low MI 0.12 (0.04) 2.68%#* 0.20 (0.16) 1.19
High MI vs. low MI 0.25 (0.04) 6.32%%* 0.25 (0.08) 3.05%**
High MI vs. Medium MI 0.13 (0.02) 5.33%%% 0.13 (0.02) 5.33%%%

Robust standard errors are in parenthesis; *#*, ** =significant at 1 and 5% level.

farm MI are also more efficient. Accordingly, compared to farmers
with low MI, medium and high MI farms are more efficient by 20 and
25%, respectively. Relative to the medium farm mechanization level,
farmers with high MI are more efficient by 13%. This finding is also
consistent with other findings somewhere in the world that show farm
mechanization has positive and significant impacts on the economic
efficiency (Vortia et al., 2019; Min et al., 2021; Soliman, 1992).

4 Conclusion and recommendation

This research was initiated with the objectives of estimating
impacts of farm mechanization on wheat and barley producers’
agricultural productivity and economic efficiency in central and
southern Oromia region in Ethiopia. According to the result, the
mean economic efficiency of wheat was 94 and 72%, respectively. The
values for minimum and maximum economic efficiency were 5 and
95%, respectively. Similarly, the mean economic efficiency for barley
producers was 73% with minimum and maximum of values 21 and
96%, respectively.

Consistent with other authors’ results, the econometric model
results also showed that farm mechanization has significant positive
impacts on wheat and barley producers’ economic efficiency where
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economic efficiency of wheat producer household increases by 37 and
49% as a farmer’s level of farm mechanization increases from lower to
medium and from lower to higher, respectively. Similarly, the farm
mechanization impact on productivity level of wheat is positive and
significant but even though it has positive impact on barley producers’
farm productivity, the result was not statistically significant. Hence, in
general the use of farm mechanization such as tractors and combine
harvester has positive significant impacts on wheat and barley
production and productivity. This could be by alleviating labor
shortage that is happening due to mass urban migration or due to on
time operations by farm machineries. Therefore, wider utilization
(application) of the technology should be planned in the future both
by farmers and policy maker. The farmers would also plan to for
further mechanization. Furthermore, ways to popularize the
technologies to scale-out the adoption for the realization of the
impacts of farm mechanization shall be designed by development
practitioners like extension system and non-governmental
organizations working on this area.

Different options of farm mechanizations technologies like small-
power tractors (where it is applicable), irrigation technologies, small-
scale harvesting and threshing technologies shall be included in the
plan. Given the financial capacity of the smallholders in the area, it is
difficult for the farmers to have farm mechanization technologies at
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an individual level. The in-depth interview and focus group discussion
also reveals that all households are using farm mechanization
technologies by renting from service providers in and around the
areas. Hence, farm policy design and development interventions
should consider such issues to strengthen and motivate the already
started support to interested service provider individuals through
credit and technical supports. In addition to this government owned
mechanization service providing enterprises can be taken as an
option. To this end, establishment of mechanization service provider
centers and maintenance centers shall be planned. Promotion and
implementation of cluster farming can also facilitate mechanization
of fragmented farms of Ethiopia as a whole.
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Appendix 1

Annexes. Covariate balance summary.

Covariates Medium MI High MI
Weighted Weighted Weighted Weighted
Std. Difference Variance ratio Std. Difference Variance ratio

Zone 0.059 1.000 0.102 0.987
Sex 0.040 0.785 0.113 0.455
Education status 0.023 1.034 0.109 0.981
Farming experiences 0.041 0.894 0.149 1.462
Mechanization distance —0.046 0.902 —0.093 0.943
Cultivated land 0.076 1.096 0.025 1.036
No. of plots —0.003 1.210 0.145 1.399
Family labor 0.018 0.892 0.092 1.085
Household size 0.001 1.311 0.149 1.262
Market participation —0.008 1.024 —0.187 1.519
Livestock (TLU) —0.062 1.145 0.208 2.284
Road access 0.054 0.879 —0.038 1.085
Main market distance —0.041 1.013 0.111 1.171
Crop diversification (SDI) —0.004 0.890 0.039 0.983
Mechanization distance 0.054 0.953 0.064 0.943
Dependency ratio 0.039 1.291 0.023 0.757
Social capital 0.023 0.848 0.007 0.793
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