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Introduction
Indeed, the agriculture sector has remained to be the most 
dominant in the economies of many developing countries [1]. 
The agriculture sector in developing countries is dominated by 
smallholder farmers as a result production level and produc-
tion efficiency are very low because they are faced with pov-
erty which limits their accessibility and ability to adopt modern 
technology [2].  According to Iticha, low productivity among 
smallholder farmers is associated with decreased food security 
and has aggravated the food insecurity problem by increasing 
the yield gap between the food demand and the supply available. 
Based on recent projections, it was assumed that by 2050, global 
agriculture production level in terms of value will grow by 60% 
however this projection is said to be limited due to limited ara-
ble land as a result, this achievement is ought to be reached by 
depending on one approach of increasing crop yields through 
better and optimal use of available agriculture inputs [3]. 

Although there are inefficiencies in the agriculture sector 
but most developing countries, agriculture has for certain re-
mained to be a dominant sector in the economy [2]. According 
to Chongela, agriculture's annual average share of the national 
GDP in Tanzania from 1981 to 2010 was approximately 25.88% 

[5]. Agriculture is made up of other small subsectors such as 
crop subsector, livestock, and fisheries. The crop subsector alone 
has been noted to be contributing an approximate 18.93% annu-
al average share of the total GDP (Ibid). Further, according to 
the Tanzania National Five-Year Development Plan phase three 
(FYDP3) of the year 2021/2022 to 2025/2026, agriculture has 
contributed an average of 27.7% of the total GDP, 24.1% earn-
ing from export, and over 60% employment opportunities [4]. 
Further, this contribution indeed makes agriculture the second 
largest contributor to the economy after the service sector which 
contributes more than 40% to the national economy based on 
typical statistics [5]. Thus, this information act as an alarm that 
agriculture is a very important and delicate sector and should be 
taken seriously when it comes to maintaining production output 
and technical efficiency since agriculture is the main source of 
livelihood among the huge population of smallholder farmers 
who at most lives in rural areas [5]. Following the notable con-
tribution of the agriculture sector in developing countries includ-
ing Tanzania to be specific, it is recommended that the best way 
of transforming agriculture performance and increasing food se-
curity is to increase productivity by enhancing efficiency in ce-
real production by adopting modern technology and formulating 
policies based on key factors that contribute to the improvement 
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Abstract
Production efficiency across sectors of the economy is now a main point of discussion due to the growing threat of 
food insecurity soon. This study focused on determining the level of technical efficiency (TE) and its corresponding 
common factors across all crops grown by Tanzanian smallholder farmers by employing a single-step stochastic 
frontier model with an assumption of a Cobb-Douglas production function. The motive of this study comes from 
production theory and production efficiency. The study employed the cross-sectional National Sample Census of 
Agriculture 2019/2020 dataset while focusing on smallholder farmers operating in the long-rainy season. The results 
of production on frontier show that land size (Ha), seeds (Kg), and fertilizers (Kg) are the main requirement for 
smallholder farmers to produce their maximum output. Based on the efficiency equation, improved seeds, inorganic 
fertilizers, and access to extension services decrease farmers' technical inefficiency while household age and 
membership in a cooperative organization increase farmers' technical inefficiency. Further, the average level of 
technical efficiency among smallholder farmers in Tanzania is 56.7% which allows farmers to increase their output 
level up to 43.2% with the same level of inputs. 
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of technical efficiency in agriculture production which in one 
way or another will result to optimal utilization of the available 
scarce resources [7].

This paper is derived from the undeniable significance of the 
agriculture sector in Tanzania as it focuses on the analysis of 
agriculture technical efficiency of smallholder farmers in Tan-
zania by utilizing the very recent survey from agriculture, the 
National Sample Census of Agriculture (NSCA) 2019/2020. 
This study aimed to open up the current output level and the 
contribution of factor inputs, the current efficiency level of ag-
riculture production, and its corresponding determinants. Tech-
nical efficiency in this study is analysed by using the stochastic 
frontier model which has been the most preferred model among 
agricultural economic researchers [8-9]. It is undeniable that 
many other studies have investigated agricultural technical effi-
ciency, however, there is still a need for this study due to several 
reasons; firstly, Tanzania is not rich in this kind of study that 
focuses on technical efficiencies of agriculture production or any 
other activities, second, there is a wide variation of production 
efficiency in agriculture across and within countries for same or 
different crops. Similarly, the factors that explain production ef-
ficiency across countries and crops also vary as a result it is still 
important to conduct this study to explore information that best 
fits Tanzania, third, agriculture is considered to be a backbone 
of many developing countries including Tanzania and the global 
is experiencing food insecurity issues due to changing climate 
and the same, thus it triggers the interest to analyze the current 
state of production efficiency in Tanzania, and lastly, the study 
on board utilizes the most recent agriculture survey data to ac-
quire current information based on technical efficient and act as 
the benchmarking source of knowledge and literature to policy 
and decision-makers. 

Generally, this study presents an in-depth but precise literature 
review covering clarification and definition of important terms 
used in this study, and other relevant materials for reference. The 
study also presents the theoretical model of which variables are 
drawn, the data description, empirical model, results including 
both analytical and simulated results, and then conclusion to-
gether with any possible policy implications. 

Literature review
In this part we find an understanding of the technical terms that 
have been used in this study, we assess average efficiency levels 
across countries and their corresponding determinants. 

Understanding technical terms 
In this study, a term that has been mentioned too many times 
among other things is efficiency/inefficiency. According to the 
literature included by Miho, there are three ways of explaining 
and measuring the level of production efficiencies such as tech-
nical efficiency which occurs when maximum output is achieved 
given a set of limited inputs and allocative efficiency which oc-
curs when factors of production are optimally selected and used, 
and economic efficiency is the combination of the two. More 
specifically, economic efficiency explains the ability to produce 
optimal output while incurring minimum costs given the tech-
nology available. This distinction, calls for more clarification 
about efficiency. Thus, based on Iticha, in production economics, 
efficiency refers to the optimal use of available scarce resources 

in production [10]. Technically, efficiency can be understood in 
a way that a firm or a production unit can effectively transform 
or rather convert the given inputs into outputs and significantly 
respond optimally to economic signals such as price. Produc-
tion units have a room of improving their productivity by using 
a limited set of available inputs by just improving or increas-
ing their production efficiency through the adoption of modern 
technology or employing skilled human capital [7]. On the other 
hand, we have technical efficiency which is an extension of the 
general efficiency term. According to Ahmed & Melesse, and 
Dijk et al., technical efficiency (TE), can be defined as the abil-
ity of a decision-making unit to covert a given bundle of fac-
tor inputs and produce maximum feasible output [3,12]. Thus, 
a farm is efficient if it can produce more output with the same 
set of inputs. TE can be measured as the distance to the pro-
duction or technology frontier which demonstrates best-practice 
performance [3]. In estimating technical efficiency, particularly 
in the agriculture production value chain, the stochastic frontier 
approach remains to be the best, most preferred, and dominant 
method [1]. Stochastic frontier models are the models which 
analyse technical inefficiency based on production functions. 
The assumption is that production units (firms, regions, nations, 
or any other production unit) produce using common technolo-
gy and reach the frontier when they create the highest potential 
output from a given set of inputs [13]. Further, the Stochastic 
Frontier Model has two main objectives, one is to estimate the 
underlying production technology and then measure production 
technical inefficiency (Ibid).  

Agriculture can be easily analysed by a production function 
which is composed of total output or yields and its corresponding 
factor inputs [3]. Crop yield is a gauge of how much agricultural 
output is harvested per square meter of land. It is sometimes 
used as the measure of efficiency as to what extent efficiency 
factors have contributed to the total crop yield [3].  Now, speak-
ing of technical efficiency and or inefficiency, a concept of yield 
gap arises. The notion of yield gap originated from agronomy 
and production ecology whereby it refers to the difference be-
tween the potential yield and the actual harvest yield at the farm 
(Ibid). for example, according to Zewdie et al., production per 
unit area in African countries taking the example of Ethiopia is 
very low, this is indeed a yield gap [14]. 

Further, other concepts that have been rarely used in this study 
but are very important to be clarified. These terms include off-
farm activities, post-harvest loss, and conservative agriculture. 
According to Ahmed & Melesse, off-farm activities are those 
income-generating activities other than agriculture [12]. These 
may include but are not limited to handcrafts, household, and 
non-household manufacturing, mining, construction, transport, 
quarrying, community service, and repair among others. This 
concept is included here because they have been noted to be 
contributing to production efficiency among smallholder farm-
ers [15]. On the other hand, defined post-harvest loss (PHL) as a 
grain loss that occurs after separation from the sire of production 
to the post-production point where the grains are prepared for 
consumption [16]. PHL can be on quantity and or quality loss 
of food whereby quality loss may include inferior nutritional 
value, foodborne diseases, and economic value loss when the 
yield misses marker opportunity whereas quantity loss includes 
a loss that can be quantified with metrics [17]. PHL is included 
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in this part since it is considered to be among the key indicators 
of technical inefficiency among smallholder farmers [1]. Fur-
ther, a farming method known as conservation agriculture (CA) 
can restore degraded soils while preventing the loss of arable 
land. It encourages the preservation of a stable soil cover, little 
soil disturbance, and plant species diversity [18]. CA is included 
in this study because it has also been noted among key factors 
that influence crop yields and improve technical efficiency [19].

Level of technical efficiency 
Production efficiency is not homogeneous because there is a 
wide variation of production efficiency in agriculture both across 
and within countries for the same or different crops. This part 
presents various technical efficient levels across countries on 
different crops and then TE in Tanzania is presented as well. 
According to a study conducted by Wang & Hu, in 12 coun-
tries (Argentina, Brazil, and Uruguay (South America), Russia, 
France, Ukraine, Bulgaria, Poland, Czech Republic, and Hun-
gary (Europe), as well as the US (North America) and South 
Africa) on corn production, the average technical efficiency re-
vealed was 86.3% which imply that these countries are efficient 
in producing corn and have room to increase their crop outputs 
by 13.7% with the same inputs [20]. A cross-sectional study con-
ducted in Kenya focusing on Tomato production efficiency by 
Mwangi et al. , revealed that Kenya is inefficient in producing 
tomatoes whereby the technical efficiency (TE) level stood at 
39.55%. In Pakistan, Ali et al.,  investigated technical efficiency 
in hybrid maize and found that the average TE stands at 84.3% 
which implies that, Pakistan still has room to increase hybrid 
maize production output by 15.7% with the same level of inputs 
[10,21]. In Uganda, Akite et al., investigated the rice produc-
tion profit efficiency with a single-step stochastic profit frontier 
approach and found that the mean TE was 59% which implies 
that Uganda has a clear chance to improve its rice production 
profit by 41% without changing the factor inputs [1]. Similarly, 
Missiame et al.,  conducted a study based on cassava in Ghana 
and they revealed that the average TE stands at 70.5% with the 
implication that cassava yield levels could be increased further 
by 29.5% with the same level of inputs [9]. 

In Tanzania, several studies have investigated the level of tech-
nical efficiency on various crops in agriculture. According to a 
Stochastic Frontier Approach study conducted by Kongolo, in 
Mwanza Tanzania on technical efficiency and maize production 
among smallholder farmers, the mean TE stood at 63% whereby 
producers who operated at a minimal level were at 20% while 
those producers operated at a maximum level, operated at 91% 
[8]. According to Selejio et al., who focused on smallholder ag-
riculture efficiency of adopters and non-adopters of land conser-
vation technologies in Tanzania revealed that, adopters of land 
management and conservation have a higher TE of 73% com-
pared to their counterparts [18]. This means, that smallholder 
farmers who practice land conservation are more efficient than 
their opponents. On the other hand, Miho, compared Tabora and 
Ruvuma smallholders technical efficiency and found that Tabora 
smallholder farmers were more technically efficient with mean 
technical efficiency of 61% compared to 53% of Ruvuma farm-
ers [6]. 

This result shows a slight variation, however, their all efficient 
and they have room of increasing the total yield by 39% and 

47% respectively without changing their agricultural inputs.  

Determinants of agriculture production output and 
technical efficiency 
Similar to the level of technical efficiency, determinants of pro-
duction output and technical efficiency are not homogeneous 
and they vary across countries and crop types. Kongolo,  who 
employed a Stochastic Frontier Approach (SFA) identified sig-
nificantly positive factors that contribute to total crop yields 
which are labor and farm size [8]. These results implied that, 
as the number of labor and farm size increases, the total output 
also increases. Further, seeds and fertilizers were negative and 
statistically insignificant while the main reason mentioned is that 
smallholder farmers have less access to fertilizers and improved 
seeds. On the bit, contrary, Mwangi et al., investigated Tomato 
production and employed SFA as well with an addition of a Tobit 
model and they found that the main factors that increase toma-
to production output are land size, fertilizers, and seed quantity 
[10]. This implies that, as the size of land cultivated increases, 
the quantity of seed used increases, and when the farmer uses 
modern fertilizers is more likely to increase Tomato production 
output. Tiruneh & Geta, discovered similar results however to 
them fertilizer was not statistically significant [7]. Generally, in-
crease in labor (in other studies is referred to as household size 
as smallholder farmers rely on it), use of tractor assets, an in-
crease in cultivated land, increase in household wealth, off-farm 
employment, application of fertilizer and herbicides, and the use 
of improved seeds are the key factor inputs that are significant 
and are associated with the increase in crop yield among small-
holder farmers [22-23, 6,15,13].

On the other hand, technical efficiency has been considered the 
supreme measure of production efficiency. Factors that are as-
sociated with technical efficiency are called efficiency factors. 
According to Miho,farmers' age, household size, primary edu-
cation, and inputs cost were responsible for farmers' technical 
inefficiency [6]. This means as the farmer's age increase, as the 
household size increase, as the input costs increases, and when 
the farmer has acquired primary education, the level of technical 
efficiency decrease. Further, the same study identified access to 
credit, owning a capital asset, having a good living condition, 
and specializing in crop farming as the main activity increases 
technical efficiency. Differently, according to Alwarritzi et al., 
key factors that lead to increased technical efficiency are a farm-
ers-based organization, access to extension services that offer 
the right information and technical support to farmers, higher 
education level, and farm diversification [23]. On the other way 
again, Zewdie et al.,  investigated the agriculture TE of small-
holder farmers in Ethiopia and found that irrigation plays a sig-
nificant role in increasing TE among smallholder farmers [14]. 
Based on the results of Ahmed & Melesse, farmers who engage 
in off-farm activities are associated with higher TE compared 
to their counterparts [12]. Because most smallholder farmers 
are poor and rely on household labor, Akite et al., identified that 
the use of hired labor has resulted in a decrease in technical ef-
ficiency since farmers use a lot of money in labor than other 
inputs [12]. Another exceptional factor that has been identified 
to be contributing to TE is the application of land management 
and conservation technologies which in one way or another im-
prove soil fertility and avoid soil erosion and hence increasing 
TE [18]. Generally, the most significant determinants of TE 
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among smallholder farmers include age, years of schooling of 
the household heads (more educated household heads actively 
adopt new technologies such as improved seed mechanization, 
soil conservation, and agronomic practices, which could posi-
tively influence TE), experience whereby farmers having more 
years of experience are better placed to acquire the knowledge 
and skills necessary for choosing appropriate new farm tech-
nologies over time which influence TE positively [22,2,14,24]. 
Other factors included the type of seed used whereby improved 
seeds are associated with higher TE compared to the opposite, 
and access to extension services whereby the informal sources 
of teaching, learning process, and immaterial and technical sup-
port through access to extension services are assumed to help 
farmers in updating their farming ways, hence positively influ-
encing TE [21,8,9,13]. 

Theoretical model
This study is motivated by the theory of production which ex-
plain the output maximization problem and minimization of 
input requirements costs by using the production function. Pro-
duction efficiency theory is an extension of production theory 
and in this study, it acts as a complementary theory. Production 
efficiency is best analysed by using a stochastic frontier model 
which combines both output maximization and efficiency. 

Production theory
Production theory as founded by neo-classical economists de-
fined production as the process which involves transforming in-
puts into output [24]. The main objectives of firms based on this 
theory are cost minimization, output maximization, and profit 
maximization. In achieving these production goals, a farmer 
needs to ensure efficiency in the use of inputs that is technologi-
cal efficiency, allocative and economic efficiency [1]. The basic 
properties of a production function are; Monotonicity whereby 
a monotonic function is a function that is either entirely nonin-
creasing or nondecreasing, a production is concave, and a pro-
duction function considers essentiality whereby a positive input 
is required to produce a positive output [3]. This study limits it-
self to output maximization and therefore, the following produc-
tion function is simply specified in which output is the function 
of minimum factors of production and its price. 

Q = (a1 x1, a2 x2…..an xn)……………...............................……(i)

Where Q represents the total output from smallholder farmers 
while a1 , a2   represent all necessary input prices and x1, x2   rep-
resents all necessary factor inputs of production such as land, 
labor, seeds, fertilizers, and capital among others. According to 
the theory, the major objective of production efficiency is to pro-
vide basic rules about how farmers can effectively utilize inputs 
to produce output. Further, there any several types of production 
functions but this study focused on a Cobb-Douglas production 
function which assumes on constant return to scale [3].  

Efficiency theory
This theory is an extension of a production function for measur-
ing the ability of the producer to employ the most cost minimiz-
ing combination of inputs while producing the maximum output 
given available technology [6].  Technically, efficiency can be 
understood in a way that a firm or a production unit having the 
ability to effectively transform or rather convert the given inputs 

into outputs and significantly respond optimally to economic 
signals such as price [23]. In simple language, production effi-
ciency is conducting an operation on the frontier while produc-
tion inefficiency is the opposite.  Production efficiency is usually 
analysed in three ways such as technical efficiency which occurs 
when maximum output is achieved given a set of limited inputs, 
allocative efficiency which occurs when factors of production 
are optimally selected and used, and economic efficiency which 
is the combination of the two [6]. More specifically, economic 
efficiency explains the ability to produce optimal output while 
incurring minimum costs given the technology available. Figure 
1 below illustrates production efficiency on a Production Possi-
bility Frontier (PPF). 

Figure 1: Production efficiency on a Frontier line (PPF). Source: 
Miho, 

From figure 1 above, production efficiency is presented by points 
‘B’ and ‘C’ which are points of technical efficiency as production 
lies on the frontier line (Frontier line) whereas, divergent pro-
duction from the frontier line of best production indicates pro-
duction inefficiency as shown by point ‘A’ because at the same 
level of inputs (x) a farmer who operates on the frontier at point 
‘B’ achieves potential maximum output (y) compared to the out-
put obtained by firm/farmer at point A, given the same level of 
inputs (x) producer at B is technically efficient whereas producer 
at point A is technically inefficient [6]. Technical inefficiency at 
point A proves the possibility of increasing output production to 
its maximum using the same level of inputs used by a producer 
at point B. According to the literature, many factors contribute 
to technical in/efficiency. These include sex, age of the farmer, 
household size, education, access to credit, capital asset, living 
conditions, specialization in crop cultivation, membership of 
farm-based organization, irrigation, off-farm activities, farming 
experience, access to extension service, land conservation prac-
tices among others [9,21,6,2,13,8,10,18].   

Stochastic production frontier model 
Stochastic production frontier models are best explained by us-
ing stochastic production frontier functions which were intro-
duced by Aigner et al. and Meeusen and van den Broeck [25,26]. 
Because this function may be used to assess how effectively the 
available technology is being used, a stochastic frontier function 
is more applicable and acceptable than the deterministic frontier 
function developed by Farrell and Aigner and Chu [25,27]. It 
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takes into account both aspects that the producer cannot control 
and those that the producer can, making it the favored option by 
allowing both factors to have an impact on variation between 
enterprises. Further, this model remains to be the most dominant 
in explaining farmers' production efficiency [1]. 

According to Pitt & Lee, Farmers' observed input-output com-
binations supply the necessary data for measuring technical 
efficiency since the input-output points on the technically effi-
cient curve reflect the production frontier [28]. Therefore, the 
cross-sectional frontier production function that is used in this 
study is estimated below.

According to Jandrow et al., qi
* represents the observed output 

level of the farmer, i= 1, 2…N, xi is the vector which stands for 
inputs quantities by the farmer i, β is the vector of unknown 
parameters which are to be estimated and εi is a composed error 
to farmer i which is made by the two components vi  and ui. In 
equation (iii), a symmetric error that accounts for factors beyond 
the control of the farmer like the weather is represented by vi and 
is assumed to be independently and identically distributed while 
ui is the non-negative random variable that represents techni-
cal efficiency. According to Sapkota & Joshi, (2021), TE can be 
measured as follows [29]. 

From equation (iv), TE is the ratio of the observed output to the 
corresponding stochastic frontier output. It measures the output 
of the farm relative to the output that can be produced by a ful-
ly efficient farm using the same input vector. The estimated TE 
score is categorized in an interval of 0 to 1. 

Description of Data 
This study utilized the National Sample Census of Agriculture 
(NSCA) jointly implemented in 2019/2020 by the National Bu-

reau of Statistics (NBS) and Office of the Chief Government 
Statistician, Zanzibar (OCGS), in collaboration with Agricultur-
al sector lead ministries (ASLMs). The NSCA's primary inten-
tion was to support and fill the information gap necessary for 
planning and policy formulation by high-level decision-making 
bodies. Further, it is intended to provide critical and in-depth 
data indicators needed for monitoring the performance of the 
Agricultural Sector Development Programme Phase II (ASDP 
II). In addition, the NSCA objective was to provide baseline data 
on crop production, livestock production, and fish farming. 

The dataset was manipulated and modified to fit the objective of 
this study. Therefore Table 1, presents the descriptive statistics 
of the selected variables and their characteristics as used in this 
study. In assessing the relationship between inputs and output, 
total output in kilogram is used as the dependent variable with 
the seeds (Kg), fertilizer (Kg), and total land used in production 
as explanatory variables. The study did not include the labor in-
put as one of the explanatory variables due to two reasons. One 
is because the dataset didn’t include the proper format of the 
total labor used in the production as a result it is considered a 
limitation of this study. Further, the study focused on smallhold-
er farmers who are always characterized by poverty, and at most, 
they use family labor, this argument is supported by [2]. On the 
other hand, a total of eight efficiency factors were included to 
measure their effect on the default dependent variable techni-
cal inefficiency in the stochastic frontier model. Table 1 presents 
the descriptive statistics for both, continuous and categorical 
variables. This study focused on smallholder farmers who are 
said to depend so much on their households, therefore informa-
tion about the household heads was substantial. According to 
the results, the average age of the household head was 49 years 
while the youngest had 18 years and the oldest with 97 years. 
From Table 1, on average, Tanzanian smallholder farmers pro-
duce 839.8295 kilograms of crop yield. The average quantity of 
seed used by smallholder farmers stands at 488.7545 kilograms. 
The average quantity of fertilizers ranges from 0 to 78750 kilo-
grams while standing at 434.5984 kg on average. Further, the 
average land size used by smallholder farmers during the long 
rainy season at the time of data collection was 1.540941 hector. 
In both inputs, the corresponding standard deviations are very 
large which implies that the data deviated from the mean score 
of each factor input and total output as well. 

(ii)

(iii)

(iv)

Table 1: Descriptive statistics of the potential variables
PART I: Continuous variables | Inputs and factor inputs 
Variable Obs Mean Std. Dev Min Max
Output (Kg) 53,276 839.8295 3371.023 0 520000
Seed (Kg) 53,278 488.7545 2313.98 0 90,000
Fertilizer (Kg) 11,855 434.5984 2242.008 0 78750
Planted area (Ha) 53,278 1.540941 3.544609 0 465
Age of household 
age

30,649 49.30885 15.40636 18 97

PART II: Categorical Variables | Efficiency factors 
Variable name Category Frequency Percentage
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On the efficiency side, the study was dominated by household 
heads with primary education which counts for about 85.61% 
of the total household heads involved in this study. The majori-
ty were not enrolled in both farm-based organizations or coop-
erative organizations as shown by 91.46% of the total farmers 
involved in this study (see Table 1). Since agriculture is a very 
wide field, agriculture specialization was also involved as an 
efficiency factor with an assumption that those who specialize 
mostly in crops will be more efficient than their opponents. The 
descriptive results show that farmers who specialized in crops 
only were 35.87% and the second largest in the group after 
farmers who specialized in livestock keeping. The study was 
dominated by farmers who at most use local seeds and organic 
fertilizers as shown by 80.1% and 66.28% respectively. Further, 
smallholder farmers in this study have limited access to both 
credit services and extension services represented by a higher 
percentage of non-access as shown in Table 1 above. 

Further, the main weakness of the dataset that has been used in 
this study is the wrong functional and measurement scales. This 
is denoted to be a problem because some variables are coded in 
a way that they can not be manipulated further or they just have 
the wrong function. For example, on the labor use, the dataset in-
cluded responsibility division among members of the household 
toward agriculture activities but did not include the total number 
of laborers used. Further, the dataset is too generalized with un-
clear coding procedures which makes it difficult to focus on a 
single crop or a single region or zone. On the hand, the dataset 
is useful especially in the categorization of questionnaires and 

their dataset in such a way that if a researcher wants to focus on 
smallholder farmers or larger scale farmers or just the communi-
ty can have that chance. 

Empirical model 
The empirical model to estimate TE can take either the 
Cobb-Douglas production function or the trans-log production 
function [18]. This study assumes a Cobb-Douglas production 
function which is estimated based on the assumption of max-
imum likelihood estimation (MLE) [30]. This function is pre-
ferred because it is easy to interpret. Thus function has previ-
ously been utilized by [22,6]. The Cobb-Douglas production 
function can be expressed as follows. 

lnoutput= β0+ β1 lnLandsize+ β2lnSeeds+ β3 lnFertilizer + (vi-ui )......(v)

Whereby, lnOutput is the log of total harvested output during 
the long-rainy season in kilograms produced by i^th farmer,  ln-
Landsize is the log of the total size of land planted during the 
long-rainy season in hector by the ith farmer, lnSeeds  is the log 
of the total quantity of seeds used during the long-rainy season 
in kilograms by the ith farmer, lnFertilizer is the log of the total 
quantity of fertilizers used during the long-rainy season in kilo-
gram by the i^th farmer. The asymmetric error which accounts 
for factors beyond the control of the farmer like the weather is 
represented by vi and is assumed to be independently and iden-
tically distributed while ui is the non-negative random variable 
that represents technical efficiency. 

Education No Education 17 0.07
Primary education 20,293 85.61
Training after primary 157 0.66
Secondary education 2,268 9.57
Training after secondary education 306 1.29
Tertiary/university education 510 2.15
Adult education 152 0.64

Membership of 
farm-based organi-
zation 

No membership 28031 91.46
Cooperative 1777 5.80
Farm organization 706 2.30
Both 135 0.44

Type of seeds Local seeds 42,676 80.10
Improved seed 9,693 18.19
Both (local & improved) 909 1.71

Agriculture spe-
cialization 

Crops only  10,993 35.87
Livestock only  18,981 61.93
Fish farming  5 0.02
Pastoralist  661 2.16
Crops and livestock 10 0.03

Fertilizers used Organic 7,857 66.28
Inorganic 3,998 33.72

Access to credit Have access 1,168 3.81
Otherwise 29,482 96.19

Access to exten-
sion service

Have access 2,196 7.16
Otherwise 28,454 92.84
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According to Battese and Coelli, Inputs and random elements 
that contribute to production are limited by the output of the 
potential frontier [31]. The fall is highly a result of technical 
inefficiency which is theoretically identified from the stochastic 
frontier. Only identifying technical inefficiency is insufficient to 
address the issue; thus, the sources of technical inefficiency must 

be identified. Pitt and Lee’s method of considering the techni-
cal inefficiency of independent variables are taken into account, 
along with random error and other independent variables. As a 
result, the technical inefficiency model is given by the following 
function [28].

Whereby U_i is the technical inefficiency of the i^th farmer, 
δ_0- δ_10 is the inefficiency parameter to be estimated. ε_i is the 
error term in the Ordinary Least Square (OLS) of the technical 
inefficiency model. 

 Presentation of results and analysis 
This study assumed a Cobb-Douglas production function in an-
alyzing the relationship between the total output and the given 
inputs. There are two ways of estimating a stochastic frontier 
model, a single-step approach or a two-step approach, however, 
a two-step approach is accused of being biased and inconsisten-
cy, therefore, a single-step approach is most preferred and this 
study adopted the same by utilizing a truncated normal approach 
which enables the estimation of a stochastic frontier model in a 
single step approach [32]. Further, this study is based on the out-
put orientation which focuses on the maximization of the total 
output with the same level of input factors (Ibid). 

Before analysis, the primary assumption was that all farmers op-
erate on the frontier which means they are at their full efficiency. 

According to the results, all three-factor inputs were strongly 
statistically significant at a 1% level of significance. The number 
of seeds revealed a strong positive contribution toward the total 
output of smallholder farmers which implies that a one percent 
increase in the number of seeds in kilogram, results in a 0.059 
percent increase in the total output of smallholder farmers. Sim-
ilarly, the number of fertilizers revealed a strong positive contri-
bution toward the total output of smallholder farmers whereby 
a one percent increase in the number of fertilizers results in a 
0.103 percent increase in the total production output. These re-
sults imply that, as the number of fertilizers and seeds increases, 
the level of output also increases. On the other hand, the size of 
land used in production revealed a strong positive and signifi-
cant contribution to the total output. According to the results, as 
presented in Table 2, with a percentage increase in the size of 
cultivated land, total output increases by 0.838%. Indeed, land, 
seeds, and fertilizers remain to be important contributors to all 
objectives of producers; cost minimization, profit maximization, 
and sales maximization. 

Table 2: Results of a single step stochastic frontier model
Log of output Coefficient Std. err. z P>z 95% conf. Interval
Frontier
Log of land 0.838 0.016 51.770 0.000*** 0.807 0.870
Log of seeds 0.059 0.008 7.080 0.000*** 0.043 0.075
Log of fertilizer 0.103 0.010 10.240 0.000*** 0.083 0.123
_cons 6.310 0.421 14.990 0.000*** 5.485 7.135
Efficiency
Age of household head 0.002 0.001 2.480 0.013** 0.000 0.004
Education
Primary -0.180 0.438 -0.410 0.681 -1.038 0.678
Secondary -0.185 0.439 -0.420 0.674 -1.046 0.677
Training after sec. -0.224 0.451 -0.500 0.620 -1.107 0.660
Tertiary/university -0.177 0.446 -0.400 0.691 -1.051 0.696
Adult education -0.205 0.459 -0.450 0.654 -1.105 0.694
FBO
Cooperative 0.388 0.186 2.090 0.037** 0.024 0.752
Farm organization 0.272 0.196 1.390 0.165 -0.112 0.657
Both 0.310 0.180 1.720 0.086 -0.044 0.663
Type of seed
Improved seed -0.156 0.024 -6.490 0.000*** -0.203 -0.109
Both (local & improved) -0.080 0.069 -1.160 0.245 -0.214 0.055
Type of fertilizer 
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Benchmark variable for Education= No education, FBO = No membership, type of seed used= local seeds, type of fertilizers = 
organic, agriculture specialization = crops omlaccess to credit = no access and access to extension service= no access. *p<0.1, 
**p<0.05, and ***p<0.01.

Inorganic -0.394 0.030 -12.970 0.000*** -0.453 -0.334
Agriculture specialization
Livestock only  0.008 0.024 0.320 0.749 -0.039 0.054
Fish farming  Omitted 
Pastoralist  -0.030 0.092 -0.330 0.744 -0.210 0.150
Crops and Livestock  Omitted
Access to credit
Have access -0.079 0.063 -1.260 0.208 -0.203 0.044
Extension service
Have access -0.106 0.047 -2.260 0.024** -0.198 -0.014
_cons 0.869 0.611 1.420 0.155 -0.328 2.067
U-Sigma
_cons -5.153 8.219 -0.630 0.531 -21.262 10.955
V-Sigma
_cons -0.566 0.086 -6.570 0.000 -0.735 -0.397
Sigma u 0.076 0.312 0.240 0.808 0.000 239.244
Sigma v 0.754 0.032 23.220 0.000 0.693 0.820
lambda 0.101 0.344 0.290 0.769 -0.573 0.775
Prob > chi2   0.0000
TE interval Min-0.319 Max-0.997
Mean TE 0.5677

From the efficiency side, a total of eight explanatory variables 
were estimated which were assumed to affect the default depen-
dent variable which is technical inefficiency. Thus, explanatory 
variables affecting technical inefficiency are termed efficiency 
factors. These factors are the age of the household head, educa-
tion level of the household head, farm-based organization, type 
of seed and fertilizer used during production, agriculture special-
ization, irrigation, access to credit, and access to extension ser-
vice. To avoid the dummy variable trap, all categorical variables 
were analyzed based on the rule of thumb of ‘m-1’ whereby” 
represent the total number of categories of the variable. Accord-
ing to the result as presented in Table 2 above, access to credit, 
agriculture specialization, and education level turned out to be 
statistically insignificant however, access to credit and education 
level, all dummies revealed a negative relationship with techni-
cal inefficiency which imply that if education could be signifi-
cant, it could have contributed to reduce technical inefficiency 
and increase technical efficiency. Further, some categories with-
in agriculture specialization were omitted and it is assumed that 
it was due to collinearity. On the other hand, the type of seed 
and fertilizers used, extension service, FBO, and household age 
yielded significant effects on technical inefficiency in their dif-
ferent categories.  

According to the results (see Table 2), for farmers who used 
improved seeds, their technical inefficiency decreased by 0.156 
percent compared to farmers who used local seeds. This result 
implies that, when farmers use improved seeds, their technical 
efficiency tends to increase while their technical inefficiency 
tends to decrease as shown by a negative coefficient (-0.156) 

which affects technical inefficiency according to the model spec-
ification. Inorganic fertilizers revealed a strong and negative ef-
fect on the technical efficiency of farmers as shown by a very 
small p-value (0.000). so technically, farmers who use inorganic 
fertilizers decrease their technical inefficiency by 0.394 percent 
compared to farmers who use organic fertilizers. This implies 
that inorganic fertilizer has a strong contribution to technical 
efficiency among smallholder farmers in Tanzania. Further, the 
results show that access to extension service is negative and sig-
nificant at a 5% significant level which imply that, farmers who 
have access to extension services decreases their technical inef-
ficiency by 0.106% compared to farmers who do not have access 
to extension officers. On the other hand, the age of the household 
head was also significant at a 5% significance level, however, it 
revealed a positive relationship which implies that, as the age of 
the household head increases, the technical inefficiency of that 
farmer also increases and vice versa. Similarly, membership in 
a cooperative organization revealed a significant and positive 
relationship toward technical inefficiency which imply that, if 
a farmer is a member of a cooperative organization his or her 
technical efficiency decreases by about 0.38%. 

Further, the average technical efficiency among smallholder 
farmers in Tanzania is 56.72 percent which ranges from 31.9 to 
99.7 percent. This is just a little forward from the satisfactory 
boundary of TE of 50% which we would consider technical inef-
ficiency, therefore having the TE level of 56.72 is not something 
to celebrate. 

Discussion of Findings  
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The objective of this study was to determine the current technical 
efficiency level and its potential determinants among Tanzania 
smallholder farmers. The primary hypothesis was that Tanza-
nia's smallholder farmers are technically inefficient. Therefore, 
to test this hypothesis, the study followed previous researchers 
(Abate et al., 2019; Akite et al., 2022; Selejio et al., 2018; Ze-
wdie et al., 2021) in estimating the stochastic frontier model that 
determines the level of technical efficiency and then presents the 
contribution of efficiency factors toward TE. Before the execu-
tion of the stochastic frontier model, a descriptive analysis was 
conducted (See Table 1) to obtain the basic characteristics of 

the utilized data. All basic characteristics of the dataset and the 
variables of interest have been discussed in the description sec-
tion, however, more emphasis is given to four key factors when 
it comes to crop cultivation. These factors are types of seeds and 
fertilizers used, access to credit, and access to extension service. 
According to the results, 80% of Tanzanian smallholder farmers 
used local seeds while only 18% used improved seeds as illus-
trated in Figure 3 below. This result aligns with Tiruneh & Geta, 
(2016) who argued that smallholder farmers do not attain higher 
performance due to limited access to improved seeds attributed 
to their severe poverty. 

Figure 2: Types of seeds used Figure 3: Types of fertilizers used 

Further, 66% of Tanzanian smallholder farmers revealed that 
they use organic fertilizers (natural fertilizers) while 34% (Fig-
ure 4) were using more chemical or artificial fertilizers collec-
tively known as inorganic fertilizers. This result implies that 
smallholder farmers do not have enough income to afford im-
proved or inorganic fertilizers. Anang et al., (2016), justify that 
smallholder farmers who most are located in rural areas are poor 
and do not have much access to improved agriculture practices 
such as inorganic fertilizers. 

On the other hand, based on the literature, access to credit and 
extension services are key important third-party factors that 

contribute to the overall production efficiency. Sapkota & Joshi, 
(2021) argued that, extension service ac is an informal source of 
teaching, learning, and immaterial and technical support which 
helps farmers in updating their farming ways into modern prac-
tice and hence higher production efficiency. On the other hand, 
Missiame et al., (2021), suggested that farmers who have access 
to credit from banking institutions are more likely to be efficient 
because it provides them with the source of capital that they can 
use to finance their activities. However, the descriptive results 
shows that only 4% and 7% had access to credit and extension 
service respectively as illustrated on figure 5 and 6 below.   

Figure 4: Accessibility to credit Figure 5: Accessibility to extension 

A thorough conclusion from this result is that Tanzanian small-
holder farmers have limited access to both credit and extension 
services as a result, the overall technical efficiency was expected 
to be low. 

As described earlier, this study adopted a single-step approach 

in estimating the stochastic frontier model and it was estimat-
ed based on the truncated normal distribution. The advantages 
of the single-step stochastic frontier model are that it estimates 
with consistency, reduces biasness, and presents both frontier 
model and efficiency effect at once [31]. Thus, the data were 
analysed, summarized, and presented in Table 2. 
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On the frontier model which focused on the relationship be-
tween input and outputs, all inputs used (labor, seeds, and fer-
tilizers) were statistically significant and positive which implies 
that labor, seeds, and fertilizers remain to be the most important 
factors contributing to the growth of overall production output. 
These results justify the findings of. However, other studies were 
a bit contrary [23,10,13]. For example, Kongolo, discovered that 
seeds and fertilizers are not statistically significant in contribut-
ing to total production output while according to him only farm 
size and labor were significantly contributing to the total output 
of smallholder farmers [8]. 

Tiruneh & Geta, who conducted a technical efficiency analysis 
of Wheat in Ethiopia, revealed that improved seeds are the gem-
stone for maximum output given a set of limited inputs, thus this 
paper has aligned with these findings and therefore it provides 
justification that, it is undeniably, the improved seed has a sig-
nificant contribution toward farmers production efficiency [7]. 
Further, (Ibid) aligned with this study again in measuring the ef-
fect of inorganic fertilizers on technical efficiency whereby they 
found that inorganic fertilizers alongside other factors, signifi-
cantly reduce technical inefficiency among smallholder farmers. 

This study has revealed a significant effect of extension service 
on technical efficiency whereby farmers exposed to extension 
officers tend to have low technical inefficiency compared to 
their opponents. However, Tamene et al., found a contrary result 
based on the impact of extension service on TE [15]. According 
to them, extension service reduces total yield and the overall 
TE while the main reason given is that, the number of extension 
officers is low compared to the number of farmers. On the other 
hand, other studies aligned with our results for example Sapko-

ta & Joshi,  in Nepal, found that extension offers knowledge, 
skills, and technical support to farmers and consequently reduc-
es their inefficiency, Abate et al., found that access to extension 
service increases technical efficiency of red pepper farmers, and 
Ali et al., in Pakistan, found that being exposed to extension 
officers increases the production output of hybrid maize growers 
by using minimal output, hence favorable TE [9.21,22]. Despite 
the proven contribution of extension service, Zewdie et al., ar-
gued that extension service is still poor, especially in developing 
countries taking the example of Ethiopia [14]. 

It is for certain a normal thing to agree to disagree. According 
to the results, the age of the household head and membership 
in the cooperative organization was significant but with a posi-
tive relationship implying that, as the age of the household head 
increase, his/farmers' production efficiency decreases. Similar 
to membership in a cooperative organization such that, when a 
farmer is a member of the organization, his/her production ef-
ficiency decreases. On the contrary, Anang et al., revealed that 
farmers who are a member of the farm-based organization and 
cooperatives as said to be more efficient compared non-mem-
bers [2]. Further, other researchers have found that age harms 
technical inefficiency whereas as the age of a farmer increases, 
he gains more experience and therefore technical inefficiency 
decreases [11,6,19].

Generally, according to the study findings as presented in Ta-
ble 2, the average technical efficiency of smallholder farmers 
in Tanzania is 56.72% which ranges from 32% to 99.8% as pre-
dicted by a Battesse and Coelli (BC) model (1988) through jams 
STATA command as suggest by Jandrow et al [28]. 

Table 3: Level of technical efficiency (TE)
 Obs  Mean  Std. Dev.  Min  Max

 Battesse and Coel-
li Model (1988)

4497 .5672 .106 .32 .998

This level of efficiency implies that smallholder farmers still can 
increase their output level by 43.3% with the same factor inputs. 
Since the TE level is above 50% it can be concluded that Tan-
zanian smallholder farmers are efficient in producing equicrural 
output by 56.72%. This TE level is not far different from other 
TE levels estimated by other researchers in Tanzania. Selejio et 
al.,  found a 73% TE level among maize smallholder farmers by 
utilizing the national panel data while Kongolo,  found a 63% 
TE level of smallholder farmers in the Mwanza region of Tan-
zania [18,8]. Thus, these few pieces of evidence suggest that the 
level of TE found in this study is relevant and significant. 

Conclusions 
A single-test approach was used with the aid of truncated normal 
distribution in assessing the contribution of factors of produc-
tion such as land size, seeds, and fertilizers toward the total pro-
duction output. And then on the same estimation to include the 
efficiency effect where the age of the household head, his educa-
tion level, type of seeds and fertilizer used, access to credit and 
extension services, agriculture specialization, and farm-based 
organization were assumed to be influencing farmers' technical 
inefficiency. The results revealed that all factors of production 
that were included for the analysis (cultivated land, seeds, fertil-

izers), were strongly positive and significant toward production 
output. On the efficiency side, improved seeds, inorganic fertil-
izers, and access to extension services were noted to be decreas-
ing farmers' technical inefficiency and increasing technical effi-
ciency. Further, the age of the household head and membership 
of cooperative organizations among farmers increases technical 
inefficiency. Contrary, education, access to credit, and agricul-
ture specialization turned out to be statistically insignificant. 
Therefore, it is recommended that policy and decision-makers 
put more effort into improved seeds and improved fertilizers 
when designing agricultural interventions to advance the sector.

From the economic point of view, the results of this study are 
significant and useful despite the insignificant of some variables 
that were expected to be statistically significant. The findings of 
this study generalize the overall nature and behaviors of small-
holder farmers in Tanzania concerning their production efficien-
cy, as a result, it is emphasized that policy and decision makers 
go ahead and utilize these results in designing both economic 
and non-economic intervention in the agriculture sector. In a nut-
shell, food security is an important and undeniable topic among 
policymakers. Thus, there are other areas direct or indirect relat-
ed to food security that needs the researcher’s attention. These 
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areas include technical efficiency of irrigation schemes among 
large and small farmers in Tanzania, and post-harvest loss and 
its effect on production efficiency and food security as well. In-
deed, these areas and the likes require immediate attention from 
researchers to create enough reference knowledge for policy and 
decision-makers and to address food security indicators. There-
fore, if time could allow, I would have jumped into it.  

Author’s Contribution
This paper was entirely done by one author as indicated in the 
title page; thus, no contribution was received from other authors.
 
Conflict of Interests 
The authors declare no competing interests.

Reference
1. Akite, I., Okello, D. M., Kasharu, A., & Mugonola, B. 
(2022). Estimation of profit efficiency of smallholder rice farm-
ers in Uganda : A stochastic frontier approach. Journal of Ag-
riculture and Food Research, 8, 1–8. https://doi.org/10.1016/j.
jafr.2022.100315
2. Anang, B. T., Bäckman, S., & Sipilä, T. (2016). Technical 
Efficiency and its determinants in smallholder rice production 
in Nirthern Ghana. The Journal of Developing Areas, 50(2), 
311–328.
3. Dijk, M. Van, Morley, T., Jongeneel, R., Ittersum, M. Van, 
Reidsma, P., & Ruben, R. (2017). Disentangling agronomic and 
economic yield gaps : An integrated framework and application. 
Agricultural Systems, 154, 90–99. https://doi.org/10.1016/j.
agsy.2017.03.004
4. URT. (2021). National five year development plan 2021/22 - 
2025/26 (Issue June).
5. Chongela, J. (2015). Contribution of Agriculture Sector to the 
Tanzanian Economy. American Journal of Research Communi-
cation, 3(7), 57–70.
6. Miho, A. (2017). Comparing technical efficiency of maize 
smallholder farmers in Tabora and Ruvuma regions of Tanzania : 
a frontier production approach. Asian Journal of Agriculture and 
Rural Development, 7(9), 180–197. https://doi.org/10.18488/
journal.1005/2017.7.9/1005.9.180.197
7. Tiruneh, W. G., & Geta, E. (2016). Technical efficiency of 
smallholder wheat farmers : The case of Welmera district , 
Central Oromia , Ethiopia. Journal of Development and Ag-
ricultural Economics, 8(2), 39–51. https://doi.org/10.5897/
JDAE2015.0660
8. Kongolo, M. (2021). Technical Efficiency and Small Scale 
Maize Producers in Mwanza Region : A Stochastic Frontier 
Analysis. Asian Journal of Agriculture and Food Sciences, 9(3), 
111–120.
9. Missiame, A., Nyikal, R. A., & Irungu, P. (2021). What is the 
impact of rural bank credit access on the technical efficiency of 
smallholder cassava farmers in Ghana? An endogenous switch-
ing regression analysis. Heliyon, 7(e07102), 1–10. https://doi.
org/10.1016/j.heliyon.2021.e07102
10. Mwangi, T. M., Ndirangu, S. N., & Isaboke, H. N. (2020). 
Technical efficiency in tomato production among smallholder 
farmers in Kirinyaga County , Kenya. African Journal of Ag-
ricultural Research, 16(5), 667–677. https://doi.org/10.5897/
AJAR2020.14727
11. Iticha, M. D. (2020). Review on Determinants of Econom-
ic Efficiency of Smallholder Maize Production in Ethiopia. In-

ternational Journal of Agricultural Economics, 5(4), 123–132. 
https://doi.org/10.11648/j.ijae.20200504.15
12. Ahmed, M. H., & Melesse, K. A. (2018). Impact of off-farm 
activities on technical efficiency : evidence from maize produc-
ers of eastern Ethiopia. Agricultural and Food Economics, 6(3), 
1–15. https://doi.org/10.1186/s40100-018-0098-0
13. Tenaye, A. (2020). Technical Efficiency of Smallholder Ag-
riculture in Developing Countries : The Case of Ethiopia. Econ-
omies, 8(34), 1–27.
14. Zewdie, M. C., Moretti, M., Tenessa, D. B., Ayele, Z. A., 
Nyssen, J., Tsegaye, E. A., Minale, A. S., & Passel, S. Van. 
(2021). Agricultural Technical Efficiency of Smallholder Farm-
ers in Ethiopia : A Stochastic Frontier Approach. Land, 10(246), 
1–17.
15. Tamene, L., Mponela, P., Ndengu, G., & Kihara, J. (2015). 
Assessment of maize yield gap and major determinant factors 
between smallholder farmers in the Dedza district of Malawi. 
Nutrient Cycling in Agroecosystems. https://doi.org/10.1007/
s10705-015-9692-7
16. Maziku, P. (2019). Determinants for Post-harvest losses in 
Maize production for Small Holder Farmers in Tanzania. Afri-
can Journal of Applied Research, 5(1), 1–11.
17. Sugri, I., Abubakari, M., Owusu, R. K., & Bidzakin, J. K. 
(2021). Postharvest losses and mitigating technologies : evi-
dence from Upper East Region of Ghana. Sustainable Futures, 
3, 1–13. https://doi.org/10.1016/j.sftr.2021.100048
18. Selejio, O., Lokina, R. B., & Mduma, J. K. (2018). Small-
holder Agricultural Production Efficiency of Adopters and 
Nonadopters of Land Conservation Technologies in Tanza-
nia. Journal of Environment & Development, 27(3), 323–349. 
https://doi.org/10.1177/1070496518770235
19. Sapkota, M., & Joshi, N. P. (2021). Factors Associated with 
the Technical Efficiency of Maize Seed Production in the Mid-
Hills of Nepal : Empirical Analysis. International Journal of 
Agronomy, 2021, 1–8.
20. Wang, J., & Hu, X. (2021). Research on corn production 
efficiency and influencing factors of typical farms : Based on 
data from 12 corn-producing countries from 2012 to 2019. 
PLoS ONE, 16(7), 1–17. https://doi.org/10.1371/journal.
pone.0254423
21. Ali, I., Xue-xi, H. U. O., Khan, I., Ali, H., Baz, K., & Khan, 
S. U. (2019). Technical efficiency of hybrid maize growers : A 
stochastic frontier model approach. Journal of Integrative Ag-
riculture, 18(10), 2408–2421. https://doi.org/10.1016/S2095-
3119(19)62743-7
22. Abate, T. M., Dessie, A. B., & Mekie, T. M. (2019). Techni-
cal efficiency of smallholder farmers in red pepper production 
in North Gondar zone Amhara regional state , Ethiopia. Journal 
of Economic Structures, 8(18), 1–18. https://doi.org/10.1186/
s40008-019-0150-6
23. Alwarritzi, W., Nanseki, T., & Chomei, Y. (2015). Anal-
ysis of the factors influencing the technical efficiency among 
oil palm smallholder farmers in Indonesia. Procedia Envi-
ronmental Sciences, 28, 630–638. https://doi.org/10.1016/j.
proenv.2015.07.074
24. Aigner D.J., Lovell C.A.K., Schmidt P. (1977).Formulation 
and estimation of stochastic frontier production functions. Jour-
nal of Econometrics 6:21—37.
25. Meeusen, W., & Van den Broeck, J. (1977). Efficiency esti-
mation from Cobb-Douglas production functions with composed 
error. International Economic Review, 18(2), 435-444. view



www.mkscienceset.comPage No: 12

Copyright: ©2022 Emilian Lutonja. This is an open-access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Agri Earth Environmental Sciences 2022 

26. Farrell, M. J. (1957). The measurement of productive effi-
ciency. Journal of the Royal Statistical Society, 120(3), 253-290
27. Pitt, M. M., & Lee L. F. (1981). The measurement and sourc-
es of technical inefficiency in the Indonesian weaving. Journal of 
Development Economics, 9, North-Holland, 43-58.
28. Jandrow, J., Lovell., C. A. K., Materov I. S., & Schmidt, P. 
(1982). On the estimation of technical inefficiency in the sto-
chastic frontier production function. Journal of Econometrics, 
19, 233- 238.

29. Cobb, C. W., & H. Douglas, P. (1928). Theory of Production. 
The American Economic Review, 18(1), 139–165.
30. Battese, G. E., & Coelli, T. J. (1995). A model for technical 
inefficiency effect in a stochastic frontier production function for 
panel data. Empirical Economics, 20, 325-330
31. Belotti, F., Daidone, S., & Ilardi, G. (2013). Stochastic fron-
tier analysis using Stata. The Stata Journal, 13(4), 719–758. 
https://doi.org/10.1177/1536867X1301300404


