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Abstract: Achieving high production with limited resources is a major challenge faced by poultry
farmers in countries with developing economies, such as Pakistan. Optimization of the technical
efficiency (TE) of poultry business operations is a promising strategy. A representative sample of
210 poultry farms in the province of Punjab in Pakistan was analyzed for TE. The studied sample
comprised 105 layer chicken farms (battery cage system, egg production) and 105 broiler chicken
farms (environmental control shed system, meat production). A Cobb–Douglas stochastic frontier
production analysis approach with the inefficiency effect model was used to simultaneously estimate
TE levels and identify factors that influence efficiency. The results indicated that flock size, labor,
feed, and water consumption are positively related to egg production, whereas vaccination was
found to be insignificant. For broiler businesses, flock size, feed, and water consumption were
positively related to the output, whereas labor and vaccination were found to be insignificant. The
results of the TE inefficiency effect model revealed that farmer age, education, experience, access to
credit, and access to extension services all had a significant and positive influence on the technical
efficiency of both layer and broiler farmers. The estimated mean TE level of layer and broiler poultry
farmers was 89% and 92%, respectively, evaluated against the benchmark of the identified frontier
of efficient production with prevailing systems. The study concludes that it is possible to increase
egg production by 11% and meat production by 8% by making more efficient use of the available
resources and technology. To improve poultry farmers’ efficiency, policy interventions should focus
more on the pronounced effects of variables such as education, farmer experience, credit access, and
extension services.

Keywords: technical efficiency; layer and broiler farmers; layer chicken; broiler chicken; battery cage
system; environmental control shed system; stochastic frontier analysis; Punjab

1. Introduction

Rearing chickens has been a widespread human activity for thousands of years. The
historical timeline of chicken domestication is still a controversial subject of research
efforts [1,2], but archaeological data suggest that chickens as companions of humans
were present on farms in Southeast Asia and China at least 8000 years ago, and then
migrated to Western Europe and other parts of the world via land and sea [3–5]. Today,
chickens are the most numerous domesticated animal population worldwide, with a
ubiquitous occurrence [2], and thus poultry farms are common agricultural businesses. The
expression “poultry” generally refers to domesticated birds kept by humans for the purpose
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of obtaining products such as eggs, meat, or feathers, which include chickens, turkeys,
ducks, or other species. Chickens account for over 90% of the world’s poultry population
and thus are the essential poultry species anywhere. Therefore, the term “poultry” is
frequently used as a synonym for chickens [6].

Many different businesses are involved in the raising of chickens, including those that
produce eggs (layer chicken), meat (broiler chicken), and breeding stock (pullet chicken).
Large numbers of people across different societies are supported financially and profession-
ally by these pursuits [7]; especially in poorer countries this sector is essential to alleviate
poverty, including through revenue generation for small farmers [8,9]. Furthermore, the
poultry sector is vital to ensure food security and public health [10]. Eggs, which contain
over 40 proteins, including bactericidal, strong antigenic, and antihypertensive proteins,
are becoming acknowledged as a particularly valuable meal with the same biological value
as breast milk [11,12]. Eggs also contain 18 different amino acids, 9 of which are required
for life [13,14]. While excessive meat consumption is associated with health risks [15], meat
has been classified as a favorable component of a person’s daily diet due to its high protein
content and ability to ensure micronutrient adequacy for consumers especially in countries
with economies under development, with poultry farming being the primary industry
in this regard [16,17]. International hen egg production has increased by around 25% in
the last decade, reaching nearly 77 million metric tons in 2018 [18], with the demand for
animal protein expected to rise further in the future. China produces more than one-third
of the world’s eggs (about 34.7% in 2018), while other major egg producers are the United
States (6.5 million metric tons in 2018) and India (5.2 million metric tons in 2018); these
top three countries account for half of the global egg production (49.9% in 2018) [18]. The
United States is the world’s largest poultry meat producer, with 17 percent of global output,
followed by China and Brazil [18].

In Pakistan, poultry is one of the largest and most vibrant sectors, contributing signifi-
cantly and with an increasing tendency to the country’s Gross Domestic Product (GDP)
(around 1.5 percent) [19–21]. Poultry is the second-largest segment of the national econ-
omy, after textiles, with a dynamic pattern of development. This sector is predicted to
generate 1.5 million new jobs within the next few years. Pakistan produces on average
48.83 million layers, 1.02 billion broilers, and 11.8 million breeding stocks yearly, making it
the world’s 11th largest chicken producer [21]. The poultry business in Pakistan currently
(2022 data) produces 11,250 million table eggs and 1245 million kilos of chicken meat each
year [22]. Further growth is expected; over Rs. 700 billion is currently invested in the
poultry business [22]. According to the Pakistan Economic Survey for the year 2018, com-
mercial layer, breeder, and broiler stocks all showed considerable expected yearly growth,
namely 7.0 percent, 5.0 percent, and 10 percent, respectively [21]. The national poultry
product consumption market is far from reaching saturation. Poultry meat accounts for 40
to 45 percent of total meat consumption in Pakistan [23]. Per capita, 67 eggs and 6.61 kg of
poultry meat were consumed in 2014; this annual consumption is far less than the World
Health Organization’s requirements of 255 to 300 eggs and 27 kg of meat [17,23]. This
implies that the lack of animal protein intake could be attributable to a scarcity of animal
protein-providing products available to consumers. This further suggests that demand for
poultry products is significantly greater than what local producers can currently supply,
which explains the vibrant development in the poultry sector in Pakistan, including the
expected considerable growth in the demand for poultry products. This calls for very
urgent attention to be devoted to the productivity and efficiency of the sector.

To increase poultry productivity, a holistic strategy is required that considers technical
advancement and possible measures to increase production efficiency, while at the same
time strengthening institutional and market-related aspects. Lessons from research and
development initiatives, however, show that for economically less mature countries such
as Pakistan, it is increased efficiency which should be focused on as being the main engine
of productivity growth as well as a key driver of economic and sustainable development; it
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is an increase in efficiency which may effectively help the underprivileged populations in
developing nations [6,24].

One of the most pressing issues in developing-country agriculture is the need to
increase production output per input unit. To address this challenge, it is essential to un-
derstand how efficiently farmers use their limited resources and the available technologies.
If resources are not used efficiently and the underlying factors for this situation have been
identified, the output can be raised by using optimal and efficient production adjustment
factors. If resources are efficiently used within the existing infrastructure, the output can
be increased through innovation and the adoption of advanced input and processing
technology [25]. Therefore, production and productivity can be increased in a couple of
ways. One approach is to employ more inputs or to improve technology given a certain
amount of input. Another approach to boost output is to make farmers more efficient
while maintaining the same level of inputs and the same technology. A technically efficient
farmer is expected to produce more output than a farmer who is less efficient in production.
As a result, this has a positive effect on the farmers’ income, the sustainability of farming,
and poverty reduction [26]. This research focused on the second approach of enhancing
production efficiency, namely the aim to make farmers more efficient while the level of
inputs remains unchanged and the same technology continues to be applied. Most poultry
farmers in Pakistan are poor and unaware of the potential of utilizing resources to increase
production efficiency. At the same time, increasing chicken production efficiency is of
utmost significance if optimality is to be reached under economic and sustainability criteria.
For the government and chicken farmers to design and implement the appropriate policies,
the producers must be able to recognize the elements that impact production efficiency at
the farm level.

There is considerable literature available on the technical efficiency of poultry farmers
in different regions of the world, although very few studies have been conducted in Pakistan.
The documented studies explored technical efficiency of layer and broiler production
across different countries, including Thailand [26], China [27,28], Nigeria [29–33], and
Ghana [34,35]. All studies found inefficiency among poultry farmers. The existing literature
included the production inputs and characteristics as well as institutional factors that affect
the technical efficiency of layer and broiler poultry production. The productivity of layer
and broiler poultry farms is increased by production inputs such as flock size, feed, and
labor [35–37]. Water consumption could also increase egg and meat production [32,34,35,38].
For vaccination use, different studies found mixed results. For example, Yenibehit et al. [35]
found that vaccination use increases output production, and the results of Nihal et al. [39]
showed that vaccination is insignificant in poultry production. In the inefficiency effect
model, age, education, and experience positively influence layer and broiler farmers’
technical efficiency [34,35], while institutional factors such as credit access and extension
services decrease technical inefficiency [40].

Still, there is a lot of information missing in previous literature. In particular, the
current situation in Pakistan is not well studied. For Pakistan, some researchers analyzed
the technical efficiency of open-broiler poultry farmers [36,39]. Most studies abroad ignored
the rearing housing systems in their analysis, and for Pakistan no previous analysis of this
type of system is available. This is an important knowledge gap, as this type of system
now plays a very significant role in poultry production in Pakistan. Additionally, there is
no single study available on egg production in Pakistan. Some poultry housing systems’
productivity is very high, and some housing systems’ productivity is low with the same use
of inputs, and thus it is essential to analyze the currently prevailing systems. In Pakistan,
only a few previous studies have been conducted on the technical efficiency of poultry
production, and they focused on old systems. The trend of battery cage and environmental
control shed systems usage is increasing in Pakistan, but these new types of systems so
far lack an analysis of whether they are operated efficiently in practice in the country. To
fill this research gap, this study focused explicitly on these new systems (battery cage and
environmental control shed systems).



Agriculture 2022, 12, 1742 4 of 21

The Punjab province was selected as the area under study because 70 percent of
poultry farms in Pakistan are in this region [41]. Punjab, therefore, is the main poultry-
farming province in Pakistan. The Punjab province’s chicken farmers should be aware of
the critical output drivers among the variety of factor inputs, and they should be offered
evidence-based suggestions for raising chicken production efficiency. This is the main step
to ensuring profitability of the poultry business, increasing sustainable use of available
resources, and improving food security in the country of Pakistan and beyond.

The degree of novelty of this study is very high. Previous studies in Pakistan focused
only on Pakistan’s old rearing poultry housing system and analyzed a rather small geo-
graphic area. This research covers a large study area and for the first-time analyses the
technical efficiency (TE) in the practice of the more recently introduced battery cage and
environmental control shed systems. To the best of the authors’ knowledge, there is no
research on the TE of the new system of poultry farms (battery cage and environmental con-
trol shed). The battery cage system is used for rearing layer birds, and the environmental
control shed system is employed for the rearing of broiler chickens.

The current study aimed to estimate the TE level and determine the factors influencing
the technical efficiency of layer and broiler poultry farmers in Pakistan. The goal is to
inform policymakers, farmers, and stakeholders. This can contribute to the formulation of
policies to improve the well-being of people in the country, and it can support farmers in
making appropriate decisions to increase the productivity of their businesses. The findings
are also interesting for researchers in the area of poultry production.

Stochastic frontier analysis was applied in this research to evaluate the technical
efficiency of poultry farmers in Pakistan. Section 2 of this paper explains the methodology
used in the current study. In Section 3, the econometric results of the technical efficiency
layer and broiler farms are presented, and these are discussed in the fourth section. The
conclusions of the current study and recommendations for layer and broiler farmers are
provided in the last section.

2. Methodology
2.1. Study Area, Sample Size, and Sampling Technique

The study was conducted in Punjab, a province within Pakistan. This province was
primarily chosen because 70% of poultry farms in the country are located here [41]. Punjab
is the largest province of Pakistan in terms of population; half of the country’s population
lives therein. A multi-sampling technique was used for the current study, and the same
technique was employed for both layer and broiler farms. In the first stage, Punjab as
the province was chosen to conduct the research, comprising 70% of poultry farms in
the country. In the second stage, three divisions within the province were randomly
selected (Lahore, Multan, and Rawalpindi). Lahore is the principal capital of Punjab,
Multan is the administrative area of south Punjab, and the Rawalpindi division is the main
administrative region of Pakistan. In the third stage, four districts were randomly chosen
from each division. In the last stage, 105 samples of layer farmers (battery cage system) and
105 broiler farmers (environmental control shed system), a total of 210 samples of farmers,
were randomly chosen through the proportional allocation sampling technique according
to Cochran [42], as indicated in Equation (1).

ni = n* (Ni/N) (1)

where;
ni = Number of sampled farms in ith district (layer and broiler farms);
n* = Total sample size (layer and broiler farmers);
Ni = Total number of farms in ith district (layer and broiler farms);
N = Total number of farms in the study area (layer and broiler farms).
The data set of this study, therefore, comprises 210 poultry farms, where half of the

farms are layer poultry businesses using the battery cage system and half of the farms are
broiler poultry businesses employing the environmental control shed system.
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2.2. Data Collection

Primary and secondary data were analyzed in this investigation. A well-structured
interview schedule with closed and open-ended questions was established to gather pri-
mary data from respondents. Primary data can be gathered through various approaches,
including observation, interviewing, and mailing. For the purpose of this study, the sam-
pled respondents were personally interviewed at their farms or houses. The questionnaire
included farmers’ demographics and other characteristics, institutional aspects, the amount
of input used, and the output obtained by the sample farmers during the 2020/2021 pro-
duction season. Six enumerators were chosen from the study region to collect primary data.
Three enumerators collected the data from the layer farmers, and the other three collected
the data from the broiler farmers. All enumerators are familiar with the research area, have
local farmer acceptance, have data collection experience, and speak the local language. The
final questionnaire was completed after necessary modifications; a pre-test was admin-
istered prior to usage in order to ensure the gathering of sufficiently detailed and more
precise data. Secondary data were gathered from various government and official sources,
including the Punjab Poultry Research Institute Rawalpindi (PPRI), the government of
Pakistan (GOP), and the Pakistan Economic Survey.

2.3. Assessment of Technical Inefficiency (TE)
2.3.1. Conceptual Basis

According to Farrell [43], farm efficiency is defined as a farm’s ability to provide the
best possible output by using the provided inputs. Farrell [43] concluded that there are
two sorts of efficiency: technical and allocative. When the frontier production function
is used as a benchmark of achievable efficiency, this allows for greater allocative and
technical efficiency in the production process, consequently also resulting in an increased
economic efficiency. There are two methods for measuring technical efficiency (TE): the Data
Envelopment Analysis (DEA) method and the Stochastic Frontier Analysis (SFA) method.
The nonparametric DEA test is based on linear programming and is error term-sensitive; it
quantifies error from a maximum as inefficiency and is deterministic. The second strategy
(SFA) evaluates the stochastic error in the data set using statistical and parametric analysis.
Different researchers have used different methods to measure technical efficiency of poultry
production. Phonpawi et al. [26], Zhu and Qin [27], and Myeki et al. [44] used DEA
to estimate technical efficiency of poultry farms. However, in developing economies
most studies related to poultry production have used the stochastic frontier technique
to measure technical efficiency of poultry farms; this acknowledges that in developing
economies there is inconsistency in the field of agriculture [28–31,34–36,39]. The basic
DEA’s deterministic nature is commonly highlighted as its fundamental drawback since it
fails to account for stochastic noise in data, which might possibly influence the projected
efficiency scores. The DEA is also less resistant to outliers and severe values, and it
lacks economic interpretation criteria. Due to the fluctuation of poultry production, most
studies have used SFA to measure the efficiency of poultry production in developing
economies. The particular inefficiency and inherent mistakes of farms or farmers are used
to measure all deviations from the frontier. The SFA approach was used in this research to
estimate the technical efficiency of chicken farms since stochastic frontier analysis is based
on econometric techniques and more complex hypotheses may be evaluated with this
method. In its implementation, the stochastic frontier technique enables the estimation of a
frontier function that concurrently considers the random error and inefficiency elements
unique to each farmer. Several scholars, including Meeusen and van den Broeck [45] and
Aigner et al. [46], pioneered the stochastic frontier method, which disrupted the common
idea that deviations from the production frontier are necessarily caused by the inefficiency
of the producing units and instead postulates that external factors can also have a relevant
impact. As a result, stochastic estimates of technical efficiency contain a measure of random
error, and this measure is one component of the generated error element on a stochastic
production frontier. This method recognizes that factors outside of the control of the
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farmers can have an impact on the level of output produced by the farm. This makes it
possible to distinguish between production variances from the frontier output caused by
firm-specific characteristics and those caused by unexpected external sources [47]. Due to
the fluctuation of poultry production caused by climate risks and diseases, the choice is
based on flawed data. In addition, because poultry farmers do not have access to detailed
up-to-date information on their operations, the decision is based on inaccurate data. When
applied to poultry producers, the stochastic frontiers technique estimates a frontier function
that considers random error and the inefficiency component particular to this industry. The
stochastic production function is given by Equation (2):

Yi = f (Xi; β)·evi−ui (2)

where;
Yi = Output (eggs in number and meat in kg);
Xi= Input (quantities);
β = Projected parameters;
e= 2.718;
vi = Effects of exogenous shocks;
ui = Technical inefficiency effect.
The composite error term comprises two parts, vi and ui. vi is a natural error term

that is identically and normally distributed, while ui is a farm or farmer specific error term
that is independently and half normally distributed. The two error terms vi and ui are
independent of each other. vi data measure the difference between maximum and actual
value by accounting for the effect of natural shocks, while ui data capture the farmer-specific
inefficiency effects. There are different assumptions about the distribution of ui, such as
circulation as half normal and exponential distribution as designated by Aigner et al. [46],
or exponential distribution developed by Meeusen and van den Broeck [45], or truncated
normal distribution as introduced by Stevenson [48].

TE =
Yi

Yi∗ = exp(−Ui) (3)

A farmer’s technical efficiency (TE) (Equation (3)) is defined as the observed output (Y)
ratio to frontier production (Y*) while maintaining identical technological parameters. The
maximum likelihood estimation (MLE) was used to quantify the stochastic frontier analysis
(SFA). To identify the elements affecting the technical efficiency observed, the following
model (Equation (4)) was applied in a single-stage maximum likelihood estimation process,
together with a stochastic frontier model using STATA 16 [49] and frontier version 4.1 of
the Coelli software [50]:

µi = αo + ∑ αiZi + εi (4)

where;
µi = Technical inefficiency error term of the ith farmer;
Zi = Farm/farmer-specific inefficiency factors;
αo = Constant;
αi = Estimated parameters;
εi = Error term.

2.3.2. The Empirical Model

For the estimation of technical efficiency, the study used the following Cobb–Douglas
(CD) production model (Equation (5)):

lnY = βo + β1lnX1 + β2lnX2 + β3lnX3 + β4lnX4 + β5lnX5 + vi− ui (5)

where;
Y = Output (number of eggs and meat in kg per production cycle);
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X1 = Number of birds (flocks’ size) per production cycle (layer and broiler);
X2 = Labor in man-days per production cycle (layer and broiler);
X3 = Feed intake in kg per production cycle (layer and broiler);
X4 = Water consumption in liter per production cycle (layer and broiler);
X5 = Vaccine used in milliliter per production cycle (layer and broiler);
βo = Constant;
βi = Estimated parameters;
vi = Uncertainty errors;
ui = Inefficiency effects.

2.3.3. Technical Inefficiency Determination of Layer and Broiler Poultry Farmers

Using the maximum likelihood estimation (MLE) approach, the following technical
inefficiency effect model (Equation (6)) is estimated in tandem with the stochastic frontier
Cobb-Douglas production model in a single stage:

µi = δo+δ1Z1 + δ2Z2 + δ3Z3 + δ4Z4 + δ5Z5 + ε (6)

where;
Z1 = Age of the layer and broiler farmer (years);
Z2 = Education of layer and broiler farmer (number of years of schooling);
Z3 = Farming experience (farmer experience of layer and broiler farming in years);
Z4 = Credit (access to credit 1 for yes, 0 for otherwise);
Z5 = Extension service (access to extension service 1 for yes,0 for otherwise);
δo = Constant;
δi = Projected parameters;
εi = Model error term.

2.3.4. Layer and Broiler Farmers’ Individual Technical Efficiencies

The following method (Equation (7)) was employed to evaluate the technical efficiency
of layer and broiler poultry farmers:

TEi =
Yi

Yi∗ (7)

where;
TEi = Technical efficiency of the ith farm;
Yi = Actual production of the ith farm;
Yi∗= Frontier production of the ith farm.
The following method (Equation (8)) is used for the estimation of individual technical

inefficiencies of layer and broiler farmers:

TIi = 1− TEi (8)

where;
TIi = Technical inefficiency of the ith farm.

3. Results and Discussion
3.1. Descriptive Statistics of the Input and Output Variables Used in the Model

An overview of the input and output variables used in the technical efficiency study
by layer and broiler poultry farmers is shown in Tables 1 and 2. In one production period
(studied season 2020/2021), layer and broiler poultry producers supplied an average of
1,545,898.31 eggs and 12,721.29 kg of meat. The typical flock sizes of layer and broiler
chicken farms in one production cycle were 5517.02 and 7346.68 birds, respectively (number
of birds). On layer and broiler poultry farms, labor investments in terms of man-day
averages were 1156.02 and 123.79. On average, the feed intake in layer and broiler poultry
farms was 256,009.51 kg and 21,989.77 kg in the study area. The average water consumed
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by the layer and broiler poultry farms in one production cycle was 471,719.84 L and
79,404.87 L. The mean values of layer and broiler farm vaccination were 61,899.38 milliliters
and 26,877.85 milliliters during the production season.

Table 1. Descriptive statistics of variables of layer poultry farmers.

Variable Unit Mean Std. Dev. Minimum Maximum

Eggs (output) Number 1,545,898.31 1,011,690.00 232,815.00 4,453,990.00
Flock size Number 5517.02 3317.13 1000.00 15,000.00

Labor Man-days 1156.02 520.05 504.00 2530.00
Feed intake Kilograms 256,009.51 162,654.88 42,479.02 734,489.70

Water consumption Liters 471,719.84 297,557.87 82,062.00 1,326,098.70
Vaccine Milliliters 61,899.38 41,554.02 10,400.00 232,100.00

Age Years 43.46 11.05 23.00 70.00
Education Years 8.88 3.59 0.00 16.00
Experience Years 12.85 6.97 4.00 40.00

Credit access Dummy 0.57 0.50 0.00 1.00
Extension services Dummy 0.69 0.47 0.00 1.00

Source: Own survey results of this study.

Table 2. Descriptive statistics of variables of broiler poultry farmers.

Variable Unit Mean Std. Dev. Minimum Maximum

Output Kilograms 12,721.29 8404.76 7000.00 57,900.00
Flock size Number 7346.68 4028.18 5000.00 30,000.00

Labor Man-days 123.79 45.69 78.00 344.00
Feed intake Kilograms 21,989.77 14,289.66 13,500.00 102,900.00

Water consumption Liters 79,404.87 47,874.55 47,000.00 363,900.00
Vaccine Milliliters 26,877.85 18,809.87 15,500.00 131,100.00

Age Years 41.45 8.99 23.00 61.00
Education Years 9.37 3.27 0.00 16.00
Experience Years 11.73 6.00 2.00 32.00

Credit access Dummy 0.66 0.48 0.00 1.00
Extension services Dummy 0.53 0.50 0.00 1.00

Source: Own survey results of this study.

The average age of layer and broiler farmers was 43.46 and 41.45 years, which shows
that the farmers in the study area on average are relatively mature, although the recorded
age span was very high. The average education values of layer and broiler poultry farmers
show that, on average, farmers had completed a middle school education. This means
that the data obtained from farmers can be considered more accurate and reliable because
farmers in the study area can easily understand and write. The mean experience values of
the layer and broiler poultry farmers showed that the farmers were very well experienced
in poultry farming. Furthermore, 57 percent of the layer poultry farmers had access to the
credit system, and 66 percent of the broiler poultry farmers had received credit during the
production period. Sixty-nine percent of layer farmers had received help from the extension
services, and fifty-three percent of the broiler poultry farmers had obtained help from the
extension services, which is very pronounced.

3.2. Econometric Results
3.2.1. MLE Estimates of the Parameters of Stochastic Production Frontier

Estimation was conducted using a single-stage estimation procedure for both the SFM
and the inefficiency model parameters, and employing the STATA version 16 computer pro-
gram [49]. This allows estimating the frontier production function where the Cobb–Douglas
production function characterizes the farmers’ production technology. The model has ten
parameters, five of which are associated with the frontier production function’s explanatory
variables (factor of production), five with the explanatory variables influencing the level
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of technical efficiency, and other parameters related to the distribution of random errors
(vi and ui). Tables 3 and 4 give the ML estimates (maximum likelihood estimations) of the
parameters of the frontier production functions and inefficiency effects. The entire frontier
production function was used to estimate the coefficients of the input variables (MLE).

Table 3. Maximum likelihood estimates of Cobb–Douglas SFA (stochastic frontier analysis) with the
inefficiency effect model (layer farms).

Variable Parameter Coefficient Std. Error z-Value Prob.

Constant βo −1.18 0.182 −6.5 <0.01
Ln (flock size) β1 0.21 0.012 17.08 <0.01

Ln (labor) β2 0.11 0.032 3.32 <0.01
Ln (feed) β3 0.36 0.047 7.64 <0.01
Ln (water

consumption) β4 0.12 0.009 13.15 <0.01

Ln (vaccine) β5 0.01 0.011 0.84 0.40

Inefficiency effect model

Constant δo 1.55 0.202 7.66 <0.01
Age δ1 −0.22 0.016 −13.77 <0.01

Education δ2 −0.37 0.043 −8.68 <0.01
Experience δ3 −0.12 0.009 −14.23 <0.01

Credit access δ4 −0.23 0.017 −13.42 <0.01
Extension services δ5 −0.05 0.013 −3.68 <0.01

Sigma square σ2 0.44
Gamma γ 0.91

Sigma-v2 σv
2 0.04

Sigma-u2 σu
2 0.40

Prob > chi2 X 2 <0.01
Source: Authors’ calculations.

Table 4. Maximum likelihood estimates of Cobb–Douglas SFA (stochastic frontier analysis) with the
inefficiency effect model (broiler farms).

Variable Parameter Coefficient Std. Error z-Value Prob.

Constant βo −0.51 0.036 −14.25 <0.01
Ln (flock size) β1 0.18 0.026 6.90 <0.01

Ln (labor) β2 −0.01 0.014 −0.84 0.40
Ln (feed) β3 0.42 0.040 10.56 <0.01
Ln (water

consumption) β4 0.16 0.025 6.38 <0.01

Ln (vaccine) β5 0.02 0.021 1.02 0.31

Inefficiency effect model

Constant δo 1.76 0.196 8.94 <0.01
Age δ1 −0.07 0.010 −6.58 <0.01

Education δ2 −0.20 0.014 −13.7 <0.01
Experience δ3 −0.24 0.013 −18.84 <0.01

Credit access δ4 −0.16 0.044 −3.61 <0.01
Extension services δ5 −0.25 0.074 −3.4 <0.01

Sigma square σ2 0.53
Gamma γ 0.94

Sigma-v2 σv
2 0.03

Sigma-u2 σu
2 0.50

Prob > chi2 X 2 <0.01
Source: Authors’ calculations.

Four of the five layer poultry farm factors which are taken into account for the eval-
uation of the production function—flock size, labor, feed, and water—had a substantial
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impact on explaining the differences in egg production among farmers (Table 3). Variables
in the production function had positive coefficients. The coefficients of water, flock size,
labor, and feed were statistically significant at a 1% significance level. On the other hand,
in broiler production, three input variables (flock size, feed, and water consumption) had a
statistically significant effect at a 1% level of significance (Table 4). This suggests that the
impact of these variables differs significantly from zero; hence, these variables significantly
explain egg and meat production in the study area.

Overall, for layer farms, the estimated egg production results showed that an increase
in any of the significant variables in Table 3 (flock size, labor, feed, and water) will in-
crease egg production. Accordingly, for broiler farms, the results of Table 4 show that an
increase in flock size, feed, and water consumption will increase meat production of broiler
poultry farms.

3.2.2. The Effects of Influencing Factors on Technical Efficiency

The estimated level of technical efficiency among layer and broiler poultry farmers
is not enough to derive recommendations for policy intervention. It is also necessary to
identify the sources of variation in the technical efficiency estimates among the farmers,
and to quantify the effect of different factors based on above result, having the information
about the existence of technical inefficiency in the input used and other farm practices.
Therefore, determining the nature of the impact of the identified major factors causing the
observed inefficiency level was the next most important objective of the study.

Different empirical studies on efficiency of poultry systems showed that the deter-
minants of inefficiency are highly dependent on two main types of factors, namely (1)
on characteristics of a farmer, such as demographics (age) [35,36], education [35,51], and
experience [35,36,51], and (2) on institutional factors (access to credit and extension ser-
vices) [35,36,40]. The studies available in literature agree that higher levels of education and
experience and easier access to credit and extension services contribute to higher technical
efficiency. Therefore, the abovementioned variables were considered as determinants of
inefficiency in this research, which can be further evaluated by assuming that another
determinant is constant. The coefficients of those socio-economic and institutional variables
included in the inefficiency model were estimated simultaneously by the single-stage ML
estimation procedure using the estimated level of TE as the dependent variable. Accord-
ing to Coelli [47], in the analysis of the technical inefficiency effects model, the sign of
coefficients of the parameters included in the model is to be taken into account.

If the coefficient of the parameter under study in the model is positive, this means that
the respective variable is increasing the level of technical inefficiency of the farmer, whereas
if the sign of the coefficient of the parameter is negative, this shows that the variable under
consideration is decreasing the level of technical inefficiency (or increasing the level of
technical efficiency) of farmers. Hence, the coefficients should be read as the effect of each
variable (determinant) on the level of inefficiency. However, one can read the determinant
of the estimated coefficient directly as the effect of the variable on technical efficiency by
taking the opposite sign of respective coefficients for the variable. Thus, the opposite sign
of the coefficients of the variable in the model result may be referred to when exploring
technical efficiency, which readers should keep in mind while going through this section.

From the variables entered into the inefficiency model of this study, the coefficients
of all-independent variables (age, education, experience, access to credit, and extension
services) of layer poultry farmers were statistically significant at a 1% significance level.
The negative sign of these factors indicates a negative relationship between the factor under
study and technical inefficiency, and consequently an increase in the technical efficiency
of layer poultry farmers along an increase of the respective factor. On the other hand, for
broiler poultry farmers, the coefficients of age, education, experience, access to credit, and
extension services in broiler poultry farmers were statistically significant at a 1% level and
negative as well. These results showed that all factors (age, education, experience, access
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to credit, and extension services) positively influenced the technical efficiency of broiler
poultry farmers in the study area.

3.2.3. Variance Parameters

One of the essential features of stochastic frontier analysis is that this method takes
into account both static noise errors, which arise from measurement errors, and errors that
arise from inefficiency components which lead to output variability. From the SFA result,
it is also possible to know what proportion of the existing variability in the output can
be explained by inefficiency and by noise errors. The value for the parameter gamma (γ),
obtained as the ratio of the variance of the inefficiency component to the absolute error
term, was calculated using the maximum likelihood estimate of the frontier model. The γ

value represents the one-sided error term’s relative variability to the absolute error term.
One is related to the farmer’s inefficiency problem, which is under his/her control, and
the other is due to the random variation/or usual noise component, which is beyond the
farmer’s control. In other words, the degree to which technical inefficiency affects the
variability between observed and frontier output is quantified.

As the above Table 3 shows, the calculated value of γ, the relative deviations from
the frontier due to inefficiency in input use and other farm practices, equaled 91% for the
layer farms. The gamma value of 0.91 indicates that the technical efficiency differences
across layer farmers’ operations in Punjab accounted for 91% of the variation in output,
with the effect of the disturbance term accounting for the remaining 9%. For broiler
farms, the gamma value of 0.94 (Table 4) suggests that 94% of the variation in output was
due to the differences in technical efficiencies of broiler farmers in the Punjab province,
while the remaining 6% was due to random noise beyond a farmers’ control, such as
unfavorable weather conditions, disease, and statistical errors in data measurement and
model specification.

3.3. Technical Efficiency of Layer and Broiler Poultry Farmers

One of the main objectives of this study was to measure the technical efficiency levels
of layer and broiler poultry farms in the Punjab province in the 2020/2021 production
season. The technical efficiencies were estimated from the allowed CD (Cobb–Douglas)
production function and the distributional assumptions made about the two error terms vi
and ui.

For layer farmers, the study area’s average level of technical efficiency of the farmers
was estimated to be 0.89 (Table 5), which corresponds to an efficiency level of 89% against
the identified frontier of efficient production with prevailing systems. This indicates that
farmers already achieve a decent level of efficiency in the production of eggs, but this
efficiency level is still quite far away from the performance that could be expected. The
output can realistically be increased on average up to 11 percent by taking examples of
more efficient farmers without disseminating any new technologies.

Table 5. Technical efficiency level of layer poultry farmers.

Efficiency Group Frequency Percentage Mean Std. Dev. Min. Max.

0.79–0.85 32 30.48 0.83 0.020 0.79 0.85
0.86–0.90 34 32.38 0.88 0.015 0.86 0.90
0.91–0.95 20 19.05 0.93 0.016 0.91 0.95

Above 0.95 19 18.10 0.98 0.012 0.96 0.99

Total 105 100.00 0.89 0.057 0.79 0.99
Source: Authors’ calculations.

Figure 1 shows that 63% of the layer poultry farmers had technical efficiency scores
of 0.79 to 0.90, and 27% of farmers were above the 0.90 efficiency score. Thus, less than
one third of the layer farmers reached a technical efficiency level of 90% or higher. This
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highlights, that most layer poultry farmers in the area under study have a very relevant
potential to increase their efficiency level, and there is a strong need to do so.
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Figure 1. Distribution of technical efficiency scores of different layer farmers (Source: Authors’
calculations).

For broiler farmers, the mean level of TE of the farmers (0.92) showed that technical
efficiency is somewhat higher than across the layer poultry businesses, but still not satisfac-
tory. If the average broiler farmers of the sample could achieve the TE level of their most
efficient counterpart, then average farmers could increase their output by approximately
8% (Table 6).

Table 6. Technical efficiency level of broiler farmers.

Efficiency Group Frequency Percentage Mean Std. Dev. Min. Max.

0.81–0.85 18 17.14 0.83 0.015 0.81 0.85
0.86–0.90 28 26.67 0.88 0.020 0.86 0.90
0.91–0.95 30 28.57 0.93 0.017 0.91 0.95
Above 95 29 27.62 0.98 0.011 0.96 0.99

Total 105 100.00 0.92 0.054 0.81 0.99
Source: Authors’ calculations.

Figure 2 indicates that around half of the broiler farmer’s TE scores were below the
mean level and half of the farmer’s TE scores were above the mean level of technical
efficiency. Interestingly, more than 55% of the broiler poultry farmers had a TE level of
0.9 or higher. Therefore, more than half of the broiler businesses reach 90% or more of the
possible technical efficiency as captured by the identified frontier of efficient production
with prevailing systems. This is a very promising finding as it illustrates that many of
the broiler poultry farms which employ the environmental control shed system operate
well-performing systems. In contrast, for layer poultry farmers, less than 30% of the farmers
under study reached a TE level of 0.9 or higher, as described above.
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4. Discussion
4.1. Influence of the Factors under Study

To understand the full implications of the results, one of the most important require-
ments is the precise interpretation of the parametric coefficients of the Cobb–Douglas
functional form as a partial elasticity of production around the user input. This charac-
teristic makes it possible to predict how changing the amount of each input will affect
the output. According to Table 3, the partial elasticity of significant input variables of
egg production (layer farms) was 0.21 for flock size, 0.11 for labor, 0.36 for feed, and 0.12
for water; for broiler production, the elasticity of the significant variables was 0.18 for
flock size, 0.42 for feed, and 0.16 for water (Table 4). These elasticity values indicate the
comparative importance of each variable in egg and broiler poultry farms. Large flock
sizes are associated with higher productivity in layer poultry production. Table 3 shows
that a one percent increase in flock size was associated with a 0.21 percent increase in
layer poultry productivity. For broiler farms, a key influence of the flock size was also
disclosed. Table 4 results indicate that a one percent increase in flock size could increase
meat production by 0.18 percent, in holding other factors constant. This could be attributed
to the fact that larger poultry farms utilize resources more efficiently by applying smaller
quantities of resources per unit cost than smaller poultry farms [52]. Previous studies have
consistently reported the same finding for the impact of the flock size in layer and broiler
production across countries with economies under development [35–37,39,51,53]. Most of
those studies were conducted in African countries such as Tanzania, Ghana, or Nigeria,
while Ullah et al. [36] analyzed broiler farms in a selected province (Khyber Pakhtunkhwa)
of Pakistan. Thus, the results of this present study agree with the literature regarding the
role of the flock size in poultry farming, and they expand and consolidate the body of
knowledge by adding results for both layer poultry farms and broiler poultry farms across
Punjab, the central poultry farm province in Pakistan.

The coefficient of labor in Table 3 indicates that a 1% increase in labor man-days
could increase egg production by 0.11%. Labor is described as the effort in man-days of
laborers needed to complete the work. How many laborers are available is very important
to determine the type of activities possible and how intensively the production is; the more
intensive the production, the more labor is to be employed [54]. The chicken production
operation is considered to be labor-intensive. Poultry farmers usually hire laborers, and
with the family, they spend most of their own time on the farm; more laborers are hired
when production expands. Labor is an essential factor in chicken production and covers a
wide variety of activities. The work (labor) at a chicken farm includes: preparing for the
arrival of birds, litter management, feed and water distribution to the birds, administering
the vaccine to the birds, and frequent supervision of birds to ensure their good condition.
Other activities include removing the dead birds from the flock, lighting management, and
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picking and arranging eggs from the poultry house. In addition, slaughtering, processing
of intermediate and final products, and packaging for the cold room are performed. These
and other activities are required for the success of the chicken business [55]. Consistently,
previous studies have reported the same observations for labor in layer poultry farms
across countries with economies under development [35,37,56], and thus agree with the
results of this study for the layer poultry farms in Pakistan. For broiler farms, the estimated
labor results in broiler production were statistically insignificant because the environmental
control shed is capital intensive and consists of a self-control system, while at the same
time the labor requirement is low for such systems. Thus, labor is less relevant for broiler
farms in Pakistan.

The results further showed that feed is an essential efficiency factor in egg and broiler
meat production. If a farmer increases feed by 1%, egg production will increase by 0.36%
(Table 3). Even more pronounced is the effect in broiler systems; feed-in broiler produc-
tion’s magnitude shows that a 1% increase in feed will increase meat production by 0.42%
(Table 4), assuming all other factors remain constant. Previously, most studies found that
feed directly affects egg and meat production; this was consistently reported for poul-
try businesses across countries with economies under development [36,37,56,57]. Iyiola-
Tunji [58] conducted detailed studies to confirm that chicken feed is a significant factor
in chicken production. It was described as a component of several nutrients essential
to make chicken grow faster and healthier and produce quality meat, quality eggs, and
good feathers. Nutritious feed is a prerequisite in chicken production; therefore, reliable
availability of the feed through value chains accessible to the local poultry farmers is very
important. Nutritional deficiency is the lack of vitamins, minerals, and amino acids in
the accurate estimation required. The breakthrough and success of the chicken business
depend on the feed’s efficiency. Feed must be of good quality with a high protein content
that can impact the chicken’s growth and development [59]. Therefore, the results of this
study are generally in line with literature and complement the existing body of knowledge
by adding observations from the specific situation of layer and broiler farms in Pakistan.

Water has long been recognized as one of the most critical resources in poultry pro-
duction. Water consumption makes an excellent litmus test for a flock’s overall health
condition [60,61]. Decreased water consumption can indicate health problems and pro-
ductivity problems [62]. Water consumption increases productivity and the quality of
egg and meat production. The estimated coefficient of water consumption indicates that
a 1%increase in water consumption could increase egg production by 0.12 percent. In
comparison, a 1% increase in water consumption in broiler farms could induce an increase
of 0.16% in meat production. Similar results for water consumption were also found in
previous research works [32,35,38]; thus, this current study is in line with earlier obser-
vations, and it amends the existing knowledge by adding data for the situation Pakistan
in particular. The vaccination results of broiler and layer poultry farms were statistically
insignificant because the exact, pre-defined quantities and qualities of vaccination were
used in the poultry farms’ operations. The same result for vaccination in layer and broiler
was reported by Saliu et al. [63] and Nihal et al. [39], while Yenibehit et al. [35] described
some impact of vaccination on production output. This study’s results therefore strengthen
the evidence available in literature with the view of an insignificant impact of vaccination
on the efficiency of the poultry business.

The inefficiency effect model results listed in Tables 3 and 4 show that all factors (age,
education, experience, credit, and extension services) were significant at a 1% significance
level and positively improved the technical efficiency of farmers raising layers and broilers.
Interestingly, age was found to affect the technical efficiency of layer and broiler poultry
production positively and significantly at a 1% significance level. This suggests that older
farmers were more efficient than their young counterparts. Age could serve as a proxy
variable of farming experience, so farmers with more years of experience are expected to
be more efficient [35,36,57]. The outcomes clearly show that the more efficient farmers had
more expertise in raising layer and broiler chickens than the less effective ones. Because
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more extraordinary agricultural experience is supposed to boost knowledge of diverse farm
activities, this was anticipated. Given the state of technology, farmers who have remained
in the business for a long time have figured out how to combine scarce resources, thus
enhancing efficiency. They might also know specific details or solutions about chicken
production which their competitors do not. Such knowledge ranges from disease control
mechanisms to new technology and market opportunities. Previous studies, which were
conducted in different countries, have also reported a positive relationship between farm
experience and technical efficiency [28,36,64–66]; this research highlights that for Pakistan,
similarly to other countries, experience of the farmer is a key impact factor on poultry
production efficiency.

Education equips farm households with the necessary knowledge of how to allocate
their scarce resources appropriately by increasing the adoption of advanced solutions and
spreading technological innovations that shift their production frontier outward. Compared
with their counterparts with lower education levels, educated farmers have a stronger
desire to obtain information and to use it. Thus, this variable is influential in determining
the technical efficiency variation among poultry farmers since it increases farmers’ decisions
to adopt productivity-enhancing practices and technologies. According to the findings,
chicken producers with more years of formal education were clearly more productive than
their less-educated colleagues (Tables 3 and 4). As anticipated, these results confirm that
education considerably and negatively influences the technical inefficiency effect of egg
and meat production (at a 1% level of statistical significance). This is a warning symbol
because it suggests that highly educated poultry producers are more efficient at producing
chickens than less educated ones, which is in line with earlier conclusions [28,33,64,67].

The coefficient of credit availability had a statistically significant impact on technical
inefficiency (at a 1% significance level) and is consistent with the previously projected
negative sign, which reflects a negative correlation between credit availability and tech-
nical inefficiency. This adverse indication demonstrates that credit beneficiaries are more
productive than non-recipients (Tables 3 and 4). This suggests that access to financing
plays a substantial role in boosting layer and broiler producers’ productivity in the area
under study. These results explain that a sample farmer might increase technical efficiency
of his/her business by overcoming financial liquidity limitations (thanks to borrowing).
Having access to financing guarantees the timely purchase and usage of the desired poultry
business inputs. This highlights that increasing technical efficiency can strongly benefit
from the availability of funding. By improving access to financial resources, technically
inefficient sample farmers can become more effective in the short term. Using production
credit on the farm can be anticipated to increase output levels. Access to credit is, therefore,
very likely to increase technical efficiency. The previous literature has reported that access
to credit increases the technical efficiency of broiler farmers in Pakistan [36] and of layer of
broiler farmers in Nigeria [57,63] and China [68]. This present research consolidates the
existing knowledge in this field and confirms that, for the situation in Pakistan, access to
financial resources is a key factor to increase the efficiency levels of both layer and broiler
farm businesses.

The coefficient of extension contact in this study was positive as expected (and sig-
nificant at the 1% significance level), suggesting that extension service increases farmers’
technical efficiency. This can be explained by the fact that through extension services
farmers can use modern techniques of poultry production activity. The extension service is
more critical for modern agricultural input mobilization, input use, and disease control,
enabling the farmers to reduce technical inefficiency. For several economically developing
countries in Africa, it has been found in previous reports that extension services increased
the farmers’ technical efficiency [35,56,69], while this present study captured this effect for
the poultry sector in Pakistan.
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4.2. Discussion of the Overall Technical Efficiency of Layer and Broiler Poultry Farmers

Overall, for the layer poultry farmers, the estimated results showed that for the data
set under study, the layer farmers’ mean technical efficiency level was 89%when evaluated
against the identified frontier of efficient production with prevailing systems. This provides
a measure of the shortfall of observed output from the maximum feasible output, and it
suggests that a serious shortfall exists across layer poultry farms in the country. This closes
an important research and knowledge gap for the poultry sector in Pakistan. The efficiency
of layer farmers which were considered in this research ranged from the least efficient level
of 79% to the most efficient level of 99%, which is only 1% off the frontier (100%), with a
standard error of 0.057 (Table 5). The differences in managerial choices and farm factors
that may impact the producer’s capacity to use the available technology efficiently are
likely what caused this discrepancy in the technical efficiency of layer farmers. As a main
result, this study clearly shows that many of the layer farmers who participated in egg
production during the 2020/2021 season were not efficient enough. On average, 11%of the
potentially achievable egg output was lost due to the inefficiency of farmers, and for some
farms more than 20% of the potential output remained untapped.

For broiler poultry farmers, high losses were also found, although the average level of
technical efficiency (92%when evaluated against the identified frontier of efficient produc-
tion with prevailing systems) was higher compared with layer poultry farms. The results
of the efficiency level of broiler farmers (92% technical efficiency) indicate that farmers in
Pakistan are not sufficiently efficient in producing meat. According to the results of this
study, meat production can be increased on average by up to 8%without disseminating any
new technologies, by taking examples of more efficiently performing farmers. Accordingly,
this finding indicates to the farmers that there is a possibility of minimizing the input level
by up to 8%without affecting their current output level (Table 6).

4.3. Limitations of This Study and Further Research Needs

This research work concentrated on the agricultural sub-sector of poultry production,
which is one of the most essential agricultural areas for Pakistan with a view to economic
development and food security. The results close important knowledge gaps regarding
the technical efficiency of layer and broiler poultry farmers which are active in the country.
Nevertheless, this study has some limitations, which calls for further research.

Poultry farms (layer and broiler) may be found in every province of Pakistan, while this
current study focused explicitly on one province only, namely the Punjab province, where
nearly three quarters of the poultry farms of the country are located. The characteristics of
poultry producers’ technical efficiency in different parts of Pakistan may be different from
the situation across the Punjab province. This merits further research, and such research
could also include poultry production in neighboring countries in order to obtain a more
complete picture.

The determined maximum efficiency score of the frontier technique was based on
considering the top businesses in the sample; thus, the research’s efficiency rankings were
relative to the best poultry farmer in the study area. Inclusion of other firms (for example,
poultry businesses from abroad or other efficient enterprises in other regions of the country)
may have altered (may have reduced, in particular) the technical efficiency ratings. If more
efficient poultry farmers from other locations were involved in a study with a broader
scope, the efficiency scores for the poultry farms under study might be lower. Thus, for
the Punjab province and for Pakistan, there might exist additional potential to increase the
efficiency levels of prevailing technologies in practice. Whether farms exist in other regions
of Pakistan or abroad, where the efficiency levels of the studied poultry systems are higher
than the best-performing operations included in this work, cannot be answered by this
current study. This should be addressed by future research.

The current study analyzed the technical efficiency of poultry farmers (layer and
broiler poultry farmers), but business profit and economic efficiency were not calculated.
Without a detailed analysis of the economic efficiency in poultry production, it is difficult
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to know the level of technical efficiency at which farmers may make the most profit. A
farmer’s individual business profit, however, is one of the most important factors with
view to aiming for an increased production output in order to support food security in the
country. Future studies should look at the economic implications of poultry businesses
at farm level, including the effect of the poultry farmers’ financial expenses for required
inputs and the effect of different business models or marketing strategies.

Another limitation of this current study is that changes of the efficiency level over time
could not be identified by the methodology applied. This research employed cross-sectional
data. This does not allow conclusions on how the operations of the poultry farms have
changed over time.

5. Conclusions and Recommendations

Improvements in agricultural production performance and sustainable growth may
be achieved through two methods: either through the introduction of new agricultural
production equipment or by enhancing farmers’ technical efficiency levels, both of which
are feasible options for increasing productivity in the country’s agricultural sector. Techni-
cal efficiency has remained a prominent topic of research, especially in underdeveloped
economies where the majority of farmers are resource-poor. Given the current state of tech-
nology, improving the farmer’s technical efficiency plays an important role in enhancing
the output and sustainability of farming. This study’s main goal was to estimate the TE
(technical efficiency) level of layer and broiler poultry farmers in Punjab, Pakistan, and to
identify the factors that influence the TE. The findings of the study can inform different
policymakers and stakeholders in order to pave the way towards a more efficient poultry
sector in Pakistan:

(i) The government of Pakistan could use the research findings as a guide for policy
formulation and implementation to improve the socio-economic well-being of the
people in the country.

(ii) The information of this study will also help poultry farmers to make appropriate
decisions in order to increase the production of their farm business.

(iii) The results could guide new poultry farmers who aim to adopt a system of production
that is not only commercially viable due to a high output but also reaches an improved
technical efficiency, thus making better use of each unit of input.

(iv) The research findings will be helpful to future researchers who might want to conduct
further research on the same or related topics.

(v) The research findings can be good reading material for the general public, and es-
pecially for all those who are interested in increasing TE in the poultry production
business.

The study used a stochastic frontier model and employed the cross-sectional data
of the 2020/2021 production period covering randomly sampled 210 layers and broiler
poultry farmers in Punjab, Pakistan (105 layer poultry farms, 105 broiler poultry farms).
The parameters of the stochastic frontier function (from which efficiency scores must
be assessed) and the inefficiency impacts model were considered and computed using
maximum likelihood methods in a single stage of estimation. Production frontier was
estimated by integrating relevant input variables like flock size, labor, feed, water, and
vaccination use. Coefficients of the input variables are interpreted as the output elasticity
concerning each input variable.

The estimated input effects of the layer poultry farms showed that flock size, labor,
feed, and water consumption were significant at a 1% level of statistical significance,
whereas vaccination use was insignificant. Coefficients of significant maximum likelihood
estimates showed that a 1% increase in units of flock size, labor man-days, feed, and water
consumption would increase the output of egg production by 0.21%, 0.11%, 0.36%, and
0.12%, respectively, in the study area as a whole. For the broiler poultry farms, the input
evaluation results indicated that flock size, feed, and water consumption had significance
for meat production at 1% level of statistical significance. In contrast, the effect of labor and
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vaccination was insignificant on broiler production. The magnitude of broiler farm’s input
variables discloses that when farmers achieve a 1% increase in inputs of flock size, feed, and
water consumption, the output would increase by 0.18%, 0.42%, and 0.16%, respectively.

The results of the technical inefficiency effect model applied to both layer and broiler
poultry farms showed that all the examined variables (age, education, experience, access
to credit, and access to extension services) positively influenced the technical efficiency
of farmers. When evaluated against the identified frontier of efficient production with
prevailing systems, the average efficiency level of layer farmers in the study was 0.89%,
which is far too low to be satisfactory. Thus, a main conclusion that can be drawn from
the results of this study is that egg production can be increased by 11%through better
use of available resources in the area under study and without changing the technologies
and infrastructures as such. Considerable optimization potential also exists for the broiler
poultry farms. The minimum and maximum technical efficiency levels among broiler
farmers were 81%and 99%, respectively, with an average level of 92%. This suggests that,
if proper reallocation of crucial input measures is given sufficient attention, the average
output might be increased by 8% compared with the current level.

According to the findings of this study, several recommendations can be formulated
which should be addressed by the government or other relevant organizations:

(a) The study findings revealed that education of farmers, measured in years of schooling,
affects the technical efficiency of poultry farmers. This indicates that education is
essential in improving technical efficiency, and thereby the sample farmers’ perfor-
mance. Hence, the government should design and strengthen appropriate policies to
provide adequate and effective essential educational opportunities to poultry farmers
and their families.

(b) In poultry farmers, practical experience has a beneficial and considerable impact on
technical efficiency. Therefore, farmers should be trained for a longer time and in
detail. To achieve this, the previously built farmers’ training centers and agriculture
research demonstration facilities can be used and should be strengthened, in par-
ticular by enhancing the practical training they provide and by acknowledging the
role of such training to ensure the application of the highest standards on poultry
farms in practice.

(c) Younger farmers are less technically efficient than more mature farmers. Therefore,
younger farmers, in particular, must receive ongoing training in the agricultural
business context and a follow-up during agricultural operations.

(d) Credit access enables farmers to reliably acquire inputs they otherwise could not
afford, thus increasing agricultural production and productivity. Hence, the govern-
ment should establish and expand the service given by credit-providing institutions
such as microfinance institutions and agricultural cooperatives.

(e) Although considerable further optimization potential exists, the study’s findings
showed that the poultry’s technical efficiency is relatively high in the area under
study. The battery cage and environmental control shed system is a suitable choice
to ensure high production and well-performing poultry businesses. Therefore, the
current study recommends that the government and other related actors encourage
farmers to adopt this type of method (battery cage and environmental control shed)
to enhance poultry production.
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