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ABSTRACT
Background and Objective: Despite Ethiopia’s agricultural potential, various studies have shown that
many crops, including maize, are produced below their expected frontier levels. This study investigates
the technical efficiency of maize producers in the Silti District, with a particular focus on comparing cluster
farming participants and non-participants. The primary objective is to assess whether participation in
maize cluster farming significantly improves production efficiency. Materials and Methods: The study
employed a stochastic frontier analysis to estimate the technical efficiency of maize producers. Data were
collected from a representative sample of maize-growing households in the Silti District. Key inputs such
as labor, fertilizer and land size were included in the production function. Statistical analysis was
performed to identify significant determinants of efficiency and compare efficiency levels between
participant and non-participant groups with a 0.05 significance level. Results: The findings indicate an
increasing return to scale in maize production. The average technical efficiency across all sampled
households was 74.2%, suggesting a 25.8% potential output gain if existing resources are fully optimized.
Notably, cluster farming participants exhibited a significantly higher mean technical efficiency (82%)
compared to non-participants (66%), demonstrating the positive impact of the cluster farming approach.
Conclusion: The study underscores the effectiveness of maize cluster farming in enhancing technical
efficiency. It recommends strengthening cluster-based strategies alongside improved access to inputs,
training and extension services to promote sustainable agricultural productivity. Future research may
explore long-term impacts and scalability across other regions and crops.
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INTRODUCTION
As globally maize ranked the second most produced grain in terms production volume following rice and
also second most widely grown crop in terms of area coverage following wheat and in terms of
production,  the  world  top three maize producing countries are USA, China  and Brazil, which produce
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347,048,000, 260,958,000 and 101,139,000 tons, respectively of the 1.1 billion tons of maize produced in
the world1. To enhance agricultural productivity and transform subsistence farming to market-oriented,
smallholder farmers must get better technology and practices, such as cluster farming, to improve the
technical efficiency2. The main cereal crops grown in Ethiopia are teff, wheat, maize and sorghum3. Out
of the total area covered by grain crop cereals, such as teff, maize, sorghum, barley and wheat, they
account for 24, 16.98, 14.97, 6.97 and 13.49%, respectively. However, the production and productivity of
cereal are still unsatisfactory and below the standard levels4. In the past two decades, Ethiopian
agricultural policies and investments have focused on developing and intensifying cereal crops, which are
an important driver of income for a significant population5. Moreover, in 2021, cereal production level in
Ethiopia reached 29,080,826.3 tons; again, these crops represent about 95% of agricultural production in
terms of area coverage6. 

According to the World Data Atlas report in Ethiopia 2021, maize gives the highest yield per unit area at
4 tons per ha, followed by rice, wheat, sorghum, barley and teff, but the production level is still lower than
the rest of the world (5.78 t/ha). In Ethiopia, maize is one of the main crops, ranking first in production and
productivity and second in area coverage. This makes the highest proportion of annual grain production
of the country, accounting for 27.02%, followed by teff, 17.29% of the total production. Agriculture is the
backbone of the study zone economy and in 2021, the cereal production level in the Siltie Zone was about
347,572.954 tons6. Maize production plays a vital role in the livelihoods of smallholder farmers in the Siltie
Zone. In terms of both area coverage and production volume, maize became a significant staple crop
during the 2020/21 production season. According to a study7, there is still a significant gap between the
actual and potential yield in smallholder maize farmers in Ethiopia due to biotic and abiotic stresses, such
as diseases, insect pests, drought, flood and land fragmentation account for a large part of the yield
difference. According to this study, the actual average maize production in Ethiopia was 3.24 t/ha with a
technical efficiency of 0.86 in which that farmers have the potential to increase the production level by
14.4% if they use it efficiently7. In addition, maize production fluctuated in the country and specifically in
the Siltie Zone over time. To solve such kinds of challenges, cluster farming is the best solution.

The concept of agricultural cluster was introduced as a means of integrating intervention in the
transformation agenda in specific geographical areas targeting a limited number of high-value
commodities, such as wheat, barley, teff and maize8. In order to ensure commercialization, specialization,
sustained supply of raw materials and to generate income, the link could increase the participation of
smallholder farmers’ priority agricultural commodity cluster farming with an ultimate emphasis on
processing and value addition9. In addition, up to 2019, 31 agricultural crop clusters have been designed
in different regions of Ethiopia, such as Amhara, Oromia, SNNPR and Tigray, with 3.7 million farmers in
300 selected districts, allowing for enhanced benefits in terms of production, marketing and value
addition10. The concept of cluster farming is explained as the concentration of agricultural activity that
generates income and employment opportunities in and around a specific area11. In cluster farming,
groups of smallholders usually pool their resources together for agricultural production, coordinate and
market their product jointly and consequently reduce transaction costs, lower information asymmetries
and improve bargaining power12,13. It can serve as an efficient mechanism for extension services and
private business companies to reach and interact with multiple farmers and share agricultural-related
information14. It is also a coordination effort of government and development actors in reaching out to
farmers, especially for targeted input provision like fertilizers, improved seed and mechanization and so
on. Moreover, support services such as extension, training and capacity building10. In cluster farming
groups, the farmers are expected to adopt the current full package of the farm recommendation, including
the use of inputs like improved seed, fertilizers and other improved agricultural practices, which in turn
improves their technical efficiency15.
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In Ethiopia, the studies conducted on the technical efficiency of many potential crops revealed that there
are significant agricultural production problems in which, producing crops less than the frontier level of
production. For instance, in the case of production, it has produced 4416, 29.9717 and 18%18 less than
efficiency levels. Therefore, cluster farming is the best option to support smallholder farmers to overcome
these challenges and produce at an efficient level. However, no more attention was given to the study of
maize production in cluster farming. In addition to that, the existing studies that are concerned with the
technical efficiency of maize did not well interconnect with the clustering farming practice. Such studies
did not show how much technical efficiency was generated by the implementation of such improved
farming practice (cluster farming practice) of the smallholder producers, specifically in maize production.
There is also a scarcity of empirical studies in the Siltie Zone regarding the effect of cluster farming
participation on household technical efficiency. Lack of such kind of empirical investigations has created
an information gap on the performance of such better practices in the study area. Therefore, due to this
case, it is uncertain to know the extent at which the households participating in maize cluster farming are
more efficient than their counterparts. Moreover, no effort has been made by the researchers, similar to
the current study to identify the technical efficiency level of maize farmers for both groups. Understanding
the level of technical efficiency difference between cluster participants and non-participants is crucial for
policymakers and stakeholders to improve empirical evidence. This study aims to generate actionable
insights that can support the effective implementation of cluster farming initiatives, addressing the need
for reliable and relevant information to increase the technical efficiency level in the study area. Therefore,
this study aimed to determine the technical efficiency level of maize on the sample households between
cluster participants and non-participants in the study area.

MATERIALS AND METHODS
Study area: This study was conducted in the Silti District, Siltie Zone, which is found in the Central Ethiopia
region, Ethiopia. Which is around 172 km from Addis Ababa which is the capital city of Ethiopia. The study
was conducted in 2023-2024. Siltie Zone can be classified into three major climatic zones based on
altitude, rainfall and temperature: 20.6% Dega, 74.4% Woina-Dega and 5% Kolla from the total area of the
region which shows the study area have varied ecological zones that range from lowland to highland,
which  makes  possible  the  cultivation  of  various  crop.  Silti District  is  borders  on  the  east  from
Oromia  region,  on the west from Alicho Wurero, on the north from Gurage zone and Lanfuro and
Dalocha on the south. Approximately 207,151 people (101,460 men and 105,691 women) live in this
district, of whom 19,211 are urban and 187,940 are rural. About 53,112 hectares of land make up the
entire  district  of  which  25,635  hectares  are  annual  agricultural  land,  11,221 hectares are perennial,
6,365 hectares are grazing pasture, forests and 6,904 hectares are bush land (SZBoA, 2019). Among the
ten districts, one of the major ones where maize cluster farming is Silti District. The farm households in
the study area participating in the cluster farming were required to contribute at least 0.2 ha of land to
participate in cluster farming. In that cluster, farmers implement the most effective farm agronomic
recommendations and undertake to grow cluster priority crops. The area of this district has been bound
by the community is around 13,500 hectares of land. In addition, in the Silti District, 4494 ha of land are
covered by maize seeds, from which 3958 ha are cultivated in clusters and a total of 91 clusters appear
(SZBoA, 2024). In this district widely adopted cluster farming initiative optimizes the use of the full
package of agricultural inputs.

Data type, sources and collection methods: Both primary and secondary data were used for the study.
The primary data collected from smallholder maize producers was collected through interviews. The
questionnaires were pre-tested on sample households from participants and non-participants in maize
cluster farming before conducting the actual field survey to check their relevance. Secondary data was
collected from the cooperative union, the agricultural office, books and journal papers.
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Sampling technique and sample size: A Multistage sample procedure was used to select the sample
households. In the first stage, Silti District was purposefully selected from the Siltie Zone based on maize
production level and the potential to undertake maize cluster farming from the existing districts. There
are 24 kebeles in the district and among those kebeles, 10 of them were practicing maize cluster farming.
In the second stage, from the existing kebeles that undertake cluster farming, four kebeles were selected
using simple random sampling. Finally, the households were stratified into two strata, which were maize
cluster participants and non-participants and total respondents were selected using simple random
sampling according to the proportional size of the two groups. Yamane’s19 formula was used to determine
the total sample size of smallholder farmers in the study area:

2
Nn = 1+N (e )

2
18,402n = = 2741+18,402 (0.06 )

Hence, according to Yamane’s formula, the intended sample size was 274 farmers. However, for this study,
304 farmers were surveyed to decrease potential inaccuracies. Where n is the sample size, N is the
population size of maize producers in the district (the total maize producers in the district was 18,402),
e = level of precision, which is 6%, was used due to no more variations among the population. 

Method of data analysis
Descriptive statistics: The descriptive statistics analysis, such as maximum, minimum, mean, standard
deviation, percentages and frequency, was used to analyze the demographic and socio-economic
characteristics of the maize producers’ households. In addition, test statistics such as the t-test were
applied for continuous variables, Chi-square (χ2) test was used for dummy variables to check the
significance differences and associations of variables between cluster participants and non-participants
of maize producers, respectively.

Econometric methods
Stochastic production frontier approach (SPFA): The stochastic frontier production model was used
to estimate the technical efficiency level. It is used due case that it has the potential to capture the random
effects like weather, measurement error, which leads to inefficiency among smallholder farmers. Stochastic
frontier analysis was based on a specific functional form, which was independently proposed to indicate
those firms/farmers usually do not achieve their full potential output due to the existence of
inefficiencies20,21. The stochastic production frontier was developed by adding a symmetric error term ()
to the non-negative error term and in general is given by:

Yi = f(Xi ; β) exp (Vi - Ui)

Where Yi is output of maize, f (Xi; ß) and exp (Vi-Ui) and represents both the deterministic and stochastic
part of the production frontier function. It is a random error having zero mean, which is associated with
a random factor. The above equation is written as:

ln (γi)=β0+β1 ln (area)+ β2 ln (seed)+β3 ln (fertilizer)+β4 ln (chemical)+β5 ln (labor)+β6 ln (oxen)+gi(vi -ui)

Where, in natural logarithms, yi represents the maize output of the sample farmer, area represents the
land allocated for maize production per hectare, labor is the number of both hired and family labor used
by the farmer in man-days. Oxen is the number of oxen power used for operation by the farm household
in  oxen-day,  fertilizers  are  the  quantity  of NPS and urea  fertilizers  applied by a farmer in maize  and
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measured in kilograms. In addition, maize seed represents the quantity of maize seed used in kilograms;
β is the production coefficient or an unknown parameter to estimate. gi is an error term made up of two
components; vi is a random error having zero mean, N (0, δ2v), which is associated with random factors.
Errors such as measurement error in production and weather effect, which are out of the control of the
farmers and assumed to be independently and identically distributed as N (0, δ2v) with a random error.
ui is the non-negative efficiency measured relative to the stochastic frontier that is firm not attaining
maximum efficiency of production and ranges between 0 and 1, which is also assumed to be
independently and identically distributed as half-normal at zero mean or truncated half-normal at mean
μ, N [μ, δ2u]. Given the assumptions of the stochastic frontier model (1), inference about the parameters
of the model can be based on the maximum-likelihood estimators due to the standard regularity
conditions holding. the maximum-likelihood estimates of the parameters of the model obtained in terms
of parameterization, σ2= σv

2+σu
2 and (λ) = σu'σv and the technical efficiency function is given as20,22:

*

i i
i

i

v u-
u-i i i

i v
i i i

Y f (X β ) eTE = = = eY f (X β ) e

Where, Yi is the atual yield obtained y farm household, Yi* is the maximum potential yield from cluster
maize, ui represents the technical inefficiency of farmer, βi is a vector of unknown parameters to be
measured and are unobserved random terms that vi are independently distributed with zero mean and
variance of δ2.

RESULTS AND DISCUSSION
Descriptive analysis 
Descriptive statistics of continuous variables: This part tries to discuss socio-economic, demographic,
institutional and other farm characteristics among participants and non-participants. Table 1 below
presents the continuous explanatory variables used in the participation decision and their impact on maize
cluster farming. Based on the results, there was a statistically significant difference between participants
and non-participants in terms of age, education level, family size, livestock owned, total land and
frequency of extension contacts. The mean age of the sample household heads was 42.13 years and the
mean age of cluster farming participants' and non-participant households was 48.22 and 35.98 years,
respectively. The results show that the average education level in years of schooling of the household
head  was  approximately 2 years. Furthermore, it was observed that the average educational level of
cluster participants  was higher than that o f non-participants, with a mean schooling of approximately
3 and 2 years, respectively. The t-value results indicate that there was a significant difference between
participants and non-participants of maize cluster farming concerning the age and education of
household heads at 1 and 5% significance level, respectively. The average land size of cluster farming
participants was 1.04 ha of land, while 0.76 ha of their counterparts. This indicates that cluster farming
participants own greater cultivated land than non-participants. The t-value result of farm size shows that
there was of statistically significant mean difference between the two groups at 1% level. The result also
indicated that the maize producers’ households in the study area had on average, approximately 5 TLU.
Comparing the two groups, maize cluster participants had a greater average livestock (6 TLU) than non-
cluster participants (4 TLU). The t-value results for farm size and livestock ownership indicate that there
was a significant mean difference between participants and non-participants at 1% level.

The results in Table 1 indicated that the average family size (man-equivalent) of the total sampled
households was approximately 4. This can be considered as a proxy for the labor resource for maize
production and the result shows that the mean family size of cluster participants and non-participants was
approximately  equal  to  5  and  4,  respectively.  This  is  important  due  to  the  family  size  is  the  main
source of labor for developing countries like Ethiopia. The other important variable was the frequency of
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Table 1: Descriptive statistics of continuous variables 
Non-participant (N = 151) Participant (N = 153) Total sample (N = 304)
----------------------------- ------------------------ -------------------------

Variables Mean SD Mean SD Mean SD t-value
Age 35.98 7.752 48.22 9.37 42.13 10.55 -12.4***
Education level 1.629 2.87 2.86 2.88 2.25 2.9 -3.74** 
Family size(man equivalent) 3.5 1.3  4.6 1.7 4.07 1.6 -6.25***
TLU 3.699 2.377 5.43 2.77 4.57 2.72 -5.82***
Total land 0.759 0.283 1.04 0.48 0.7 0.48  -6.16***
Frequency of extension contact 2.1 4.54 13.96 15.23 8.07 12.72  -9.18***
Distance market 7.65 2.53 6.27 3.06 7.01 2.9  4.65
**,***Significant probability levels at 1 and 5%, respectively. Source: From own computation (2024)

Table 2: Descriptive statistics of discrete variables 
Non-participant (151)  Participant (153) Total (304)
------------------------ ------------------- --------------------

Variables Description Freq.  % Freq. % Freq. % χ2 value
Sex Female 25 16.56 19 12.42 44 14.5 1.05

Male 126 83.44 134 87.58 260 85.5
Off/non-farm income Yes 64 42.38 66 43.14 130 42.76 0.0176

No 87 57.62 87 56.86 174 57.24
Access of credit Yes 21 13.9 44 28.76 65 21.4 9.97**

No 130 86.1 109 71.24 239 78.6
Training access No 99 65.56 16 10.45 115 37.83 98.12***

Yes 52 34.44 137 89.55 189 62.17
Cooperative membership No 124 82.12 88 57.5 212 69.7 21.8***

Yes 27 17.88 65 42.5 92 30.3
**,***Significant probability levels at 1 and 5%, respectively. Source: Own computation survey (2024)

extension contacts with the sampled farm households. According to the study results, cluster participant
households get a higher average frequency of contacts (13.96) as compared to the non-participant (2.1).
This result indicated that cluster participant households had a better opportunity to get services of
extension contacts related to new agricultural technologies and practices. The t-test result shows that
there was a significant difference in terms of family size and frequency of extension contacts between
cluster participants and non-participants at 1% significance level.

Descriptive statistics of categorical variables: The descriptive summary of categorical variables used
in this study is presented below in Table 2. From those categorical variables, access to training, access to
credit, access to information and cooperative membership showed a existence of significant association
with maize cluster participants’ status, while sex and off/non-farm participation did not show the existence
of significant association with maize cluster participants’ status. About the sex of the household heads,
about 85.5% of the total household heads were male and the remaining 14.5% of the respondents were
female-headed. In addition, for participants and non-participants, the proportion of male-headed
households were 87.58 and 83.44%, respectively. Another key factor was the accessibility of training;
among the respondents, 62.17% had access to training concerning maize production and the importance
of cluster farming, while 37.83% of the respondents did not receive any training. From cluster farming
participants, 89.55% had access to training, which was higher as compared to 34.44% of the non-cluster
participants. More advanced training helps to enhance access to information about the importance of
technological  practices,  which  help  farmers  to  increase  their productive capacity. Furthermore, the
Chi-square results indicated that there was a significant association between the training access of the
households and their maize cluster participants’ status at 1% significance level.

The other variable was participation in off/non-farm activity, which was one of the economic
characteristics of the sample households and important for income source for farmers of the study area.
The statistical result indicated that from the total sampled households, 42.76% of them were engaged in
off/non-farm activities. Moreover, 43.14% of cluster participants and 42.38% of non-cluster participants
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Table 3: Descriptive statistics of variables to identify technical efficiency 
 Non-participants Participant Total 

----------------------- --------------------- ---------------------
Variables  Mean SD  Mean SD Mean SD t-value
Maize output (qt/ha)  29.2 6.09  53.15 19.4 42.2 16.3
Land size (ha)  0.46 0.2  0.54 0.32 0.5 0.27 -2.6**
Maize seed (kg)  10.3 4.97  13.2 7.89 11.74 6.8 -3.92***
NPS (kg)  43.57 20.1  54.5 32.2 49.05 27.4 -3.5**
Urea (kg)  43.98 22.3  71.6 45.1 57.87 38.2 -6.75***
Oxen (oxen-day)  4.02 2.3  4.6 2.4 4.3 2.4 -2.3**
Labor (man-days)  23.98 8.4  29.2 12.8 26.6 11.2 -4.24**
Chemical (liter)  0.44 2.7  0.54 0.59 0.49 1.9 -0.45
**,***Significant probability levels at 1% and 5% respectively. Source: Own computation survey (2024)

engaged in off/non-farm activities. Agricultural credit is an important resource that could be used to boost
agricultural production and productivity, as it is expected to enhance farmers’ ability to purchase essential
agricultural inputs. According to the study results in Table 2, shows that only 21.4% of the sample
respondents had credit access. Further, 28.76% of cluster participants and 13.9% of the non-participants
had access to credit. The Chi-square test result shows that there was a significant association between
credit access and maize cluster participants’ status at the 5% level. 

The other institutional variable of interest with cluster farming participation decisions was membership
in various agricultural associations/cooperatives, as this helps farmers in accessing essential agricultural
inputs timely manner and at a fair price. The Chi-square test result shows that there was of significant
association between cooperative membership and maize cluster participants’ status at the 1% level. As
shown in Table 2,  from the total sampled  households,  30.3% were members of the agricultural
cooperatives in the study area. The result also indicated that from sampled cluster participant households,
42.2%  were  members   of  agricultural  cooperatives,   which  was  higher   compared   to   17.88%   for 
non-participants.

Descriptive statistics to identify technical efficiency of maize production: The technical efficiency of
smallholder maize farmers is determined by many factors. In order to realize the aspects, it is essential to
know the descriptive statistics of the input utilization and the maize yield obtained in the study period.
The quantity of maize seed for sawing, oxen-power, labor force, chemical and fertilizers (NPS and urea)
were the factors used to identify technical efficiency and quantity of maize production as an output. The
result in Table 3 shows that on average, the households produced 42.2 qt/ha with a standard deviation
of 16. 3  and  the  amount  o f  maize  produced  by  the  participants and non-participants was 53.15 and
29.2 qt/ha, respectively. This shows the cluster participants produce more maize output than their
counterparts. The average amount of maize seed used for sowing by the households was 11.74 kg with
a standard deviation  of  6.8.  Cluster  participant  households  used  a  higher  mean  quantity  of  seed
(13.2 kg) than non-participants (10.3 kg). The average land size allocated for maize production by the
sample households was 0.5 ha and the mean value of land distribution for maize production by cluster
participants (0.54 ha) was slightly higher than non-participants (0.46 ha). In the study area, all of the
respondents used improved maize varieties. The other variables used as input were fertilizers, which
include  NPS  and  urea.  The  mean  amount of NPS fertilizers  used  by the total sample households was
49.05 kg. The average amount of NPS fertilizer utilized by participants and non-participants was 54.5 and
43.57 kg, respectively. On the other hand, the mean amount of urea used by the total sample of
households was 57.87 kg. And the mean amount  of  urea  used  during  the  production   season  by 
cluster  participants  and non-participants was 71.6 and 43.98 kg, respectively. 

Maize producers in the study area used daily labor for different farming activities, including for tillage,
chemical application, sawing, weeding, harvesting, threshing and other farm activities. The source of labor
in the study area is either hired or family labor. The result shows that the average amount of labor in maize
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Table 4: Likelihood ratio test result of the data
Null hypothesis LR Critical χ2-value DF Decision
Ho: β7 = --,β27 = 0 87.428 88.43 21 Accepted
DF= degree of freedom, LR=likelihood ratio, at 1% significance level.

Table 5: Estimates of the Cobb-Douglas frontier production function
Variables Coef. Std. Err. z P>z
Ln seed 0.105 0.09 1.16 0.248
Ln oxen 0.126** 0.05 2.42 0.015
Ln labor 0.843*** 0.103 8.2 0.000
Ln chemical 0.015*** 0.003 4.6 0.000
Ln land -0.22 0.12 -1.92 0.055
Ln fert 0.42*** 0.07 6.00 0.000
_cons -2.053*** 0.52 -4.01 0.000
sigma_u 0.24 0.03 8.42 0.000
sigma_v 0.17 0.02 8.93 0.000
Variance of parameters 
(σ2) = σ2

u+σ2
v 0.0865

Lambda (λ) = σu'σv 1.38 0.044 31.69 0.000
Gamma (γ) = (1- 1/1+λ2) or (σ2

u/σ 2) 0.66***
Return to scale 1.29
Log likelihood -37.2588
Wald chi2(6) 1484.73***
**,*** indicate significance levels at 1% and 5% respectively

producer households was 26.6 man-days with a standard deviation of 11.2. Further, the average labor
utilized by cluster participants and non-participants was found to be 29.2 and 23. 98 man-days,
respectively. The other input variable used by maize producers is oxen power. The result indicates that the
average oxen-power utilized by the households was 4.3 oxen-days and the average number of oxen used
by the participants and non-participants was 4.6 and 4 oxen-days per production season, respectively.
Another essential variable used by the farmers was chemicals. The survey result shows that the average
chemicals utilized by the households for maize production was 0.49 liters. In addition, the average level
of chemicals used by cluster participants and non-participant households was 0.54 and 0.44 liters,
respectively. Finally, the t-test value indicates that, except chemicals, all the remaining factors of
production show significant mean difference among the groups at 1% and 5% significance levels.

Econometric model results
Estimation of technical efficiency level: Before the estimation of the SFP for the analysis of the technical
efficiency of maize producers, different tests were conducted. The decision to choose an appropriate
functional form for the data, either Cobb-Douglas or Translog production function, depends on the
calculated value of the likelihood ratio. The number of restrictions is taken to be equal to the degree of
freedom. If the calculated LR value is less than the critical Chi-square value, then the Cobb-Douglas
functional form is used to estimate the technical efficiency23. In Table 4, the test results of the null
hypothesis (H0) stating that all elasticities of the interaction terms in the Translog function are equal to
zero, against the alternative hypothesis (H1) that they are different from zero, are presented. The tests
were done based on a generalized likelihood ratio test, LR = or so, LR = -2(-37.2588 – 6.4553) = 87.428.
The calculated log likelihood ratio (LR) was found to be 87.428 and the critical Chi-square (χ²) distribution
with the degree of freedom at 21 and a 1% significance level is 88.43. This shows that it is possible to use
the Cobb-Douglas production function due to the calculated likelihood ratio is less than the critical value.
Therefore, in this study Cobb-Douglas functional form was used to estimate the technical efficiency of the
sample households shown in Table 4.

As it was explained at the methodology section, the SPF model was used to analyze the technical
efficiency level of maize producers in the study area. Land size, seed, labor, fertilizers (NPS and urea),
chemicals  and  oxen  power  were  used  in  the model. The results in Table 5, show  that  the (Wald chi2
(6) = 1484.73) was significant for a group of maize producers at a 1% significance level, indicating that the
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Table 6: Technical efficiency score of non-participants and participants 
Group Obs Mean Std. Err. Std. Dev. Maximum Minimum t-value
Non-participants 151 0.66 0.012 0.143 0.915 0.315
Participants 153 0.82 0.007 0.085 0.957 0.526
Total 304 0.742 0.008 0.141 0.957 0.315 -11.74***
***Implies significant at 1% probability level. Source: own survey (2024)

model as a whole was significant in the study area. Specifically, labor, fertilizer, chemical, maize land size
and oxen power were the significant variables that determined the technical efficiency level of maize
producers in the study area. The coefficients of explanatory variables are equivalent to the sensitivity of
the output concerning each input. For instance, the coefficient of oxen power indicated that a 1% increase
in the use of oxen power increases the maize output by 0.126%, keeping the quantities of other inputs
constant. This result is similar with the previous findings24,25. Similarly, a 1% increase in the number of labor
force increases the amount of maize output by 0.843% ceteris paribus. The quantity of chemical utilized
affects the amount of maize production positively at a 1% significance level, in which a 1% increase in the
amount of chemical used increases the maize output by 0.015% when other things are held constant. In
addition, fertilizers affect the maize production level positively at a 1% significance level. This result is
consistent with the previous findings of26,27. 

This result implies that labor, fertilizer, chemical and oxen power were the main inputs to determine the
output level of maize at best practice. Furthermore, the gamma value (γ) is 0.66, which implies 66% of the
total variation of maize output is due to technical inefficiency. The remained effect of variability on the
potential maize yield was due to random shock, which accounts for 34%. Moreover, the result shows that
the return to scale of the production process of the data was increasing returns to scale. That is, the sum
of the input variables’ elasticity was 1.29, showing that a unit increase of all inputs would increase the
maize output by more than one unit. This result indicates that maize production in the study area is found
in stage I of production. In this stage, as the inputs increase, the output increases at an increasing rate due
to the more efficient use of the variable input. The result is consistent with the previous findings28,29. Land
size negatively affected maize output, in which a 1% increase in the maize land size decreases the amount
of maize output by 0.22% ceteris paribus. This is because, if the land size is too large, it may be difficult
to manage and maintain the maize crops effectively. This can lead to inefficiencies in the use of resources,
such as water and fertilizers, which can result in a lower maize output.

Technical efficiency score among maize producers: The results in Table 6 indicated the technical
efficiency results among maize cluster participants, non-participants and the total sample households. The
estimated technical efficiency of the sample households ranged from 31.5% to 95.7%, with a standard
deviation of 0.141. This indicates that the least efficient maize producers achieved an output that was
68.5% below the maximum potential, while the most efficient producers operated at 4.3% below the
maximum possible production frontier. The minimum technical efficiency of maize cluster participants in
the study area was 52.6%. This shows that the least performing of the cluster maize producers in the
sample households were 47.4% less than the maximum potential yield. And the minimum technical
efficiency of non-cluster participants was 31.5%, which means the least performing of non-cluster maize
producers in the sample households were 68.5% less than the maximum potential output. The maximum
technical efficiency of cluster participants and non-cluster participants was 95.7 and 91.5%, respectively.
This means the best performing of maize producers in the study area 4.3 and 8.5% below the maximum
potential possibility frontier for cluster participants and non-cluster participants, respectively.

The finding of this study reveals that the mean technical efficiency level of the sampled maize producer
farmers in the study area was 74.2%, implying that the average households were producing below their
potential possibility frontier level, such that there is existence of inefficiency in their production of maize.
The mean value of technical efficiency shows that the level of maize output of the sample respondents
can be increased on average by about 25.8% if appropriate measures are taken to improve the level of
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Fig. 1: Technical efficiency distribution 
Source: own survey (2024)

technical efficiency of maize-growing farmers. In other words, it is possible to increase the yield of maize
by 25.8% using the resources at their disposal in an efficient manner with the existing technology and
resources. In addition, the mean technical efficiency of maize for cluster farming participants and non-
participants was 82 and 66%, respectively. The mean difference among the two groups was statistically
significant at 1% probability level. This result indicated that, for maize cluster participants and non-
participants, it was possible to increase the maize output by 12% and 34%, respectively, without using
extra inputs. The result further indicates that there exists room for improving the existing level of maize
production through enhancing the level of farmers’ technical efficiency. 

Distribution of technical efficiency score among maize producers: The technical efficiency score
distribution of cluster participants and non-participants households is shows in Fig. 1. The results shows
that the majority of farmers (75.65%) fall under the technical efficiency range of (0.31-0.6). This would
implies that about 75.65% of the sample households in this groups have a room to enhance their maize
production at least by 40%. Furthermore, smallest share of farmers’ technical efficiencies group falls under
the range of (0.61-0.99) which covers 1.7%. Similarly, the second largest efficiency distribution of sampled
farmers attained of technical efficiency score ranged from (0-0.3) which covers 16.11% of the efficiency
score.

CONCLUSION
As a conclusion maize is one of the main crops in Ethiopia, ranking first in production and productivity
and second in area coverage. However, the average maize yield in the nation is still lower than the world
average. The econometric model result shown that labor, fertilizers, chemical, land size and oxen power
were significant factors that determine the efficiency level of maize producers. The scale of production was
found to be in the increasing return to scale. And also the study found that maize cluster farming
participants had significantly higher technical efficiency as compared to non-participants. The study is
significant to provide relevant information about cluster farming involvement and identify technical
efficiency level of maize producers, which can benefit various stakeholders, valuable insight for policy
maker and agricultural extension service to promote the adoption of maize cluster farming practices,
which can lead to improved technical efficiency among smallholder maize producers. To enhance the
technical efficiency of maize production and promote cluster farming, the study recommends the
following to be taken in to account for the upcoming intervention strategies. First enhance support service
the government body should be implement the program that provide smallholder farmers with easier
access to essential input, such as fertilizers and improved seed to improve their participation in cluster
farming. Second the governmental body and extension agent should focus on training and resource that
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specifically target to promote and improve the technical efficiency of maize producers. Finally, the
governmental body together with policy maker should develop policies that incentivize non-participant
farmers to join maize cluster farming. 

SIGNIFICANCE STATEMENT 
This study discovered the significant role of cluster farming in enhancing the technical efficiency of maize
production, which can be beneficial for smallholder farmers, extension agents and policymakers striving
to improve agricultural productivity in Ethiopia. By identifying key determinants such as labor, fertilizer,
chemical use, land size and oxen power, the study offers valuable insights into optimizing existing
resources without additional input costs. It further emphasizes that promoting cluster farming not only
improves yield but also fosters knowledge sharing and collective resource use among farmers. This study
will help the researchers to uncover the critical areas of input utilization and farming practices that many
researchers were not able to explore. Thus, a new theory on efficiency-led agricultural transformation may
be arrived at.
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