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ABSTRACT

Layer production depends on many factors, and it is an excellent source of nutritious animal
protein (meat and eggs). Empirical knowledge of the determinants of firm efficiency
improves productivity in poultry-egg production systems. Therefore, this study analysed
firm efficiency and return to scale in layer production among smallholders in Jos-North,
Plateau State, Nigeria. Primary data collected via two-stage cluster sampling were evaluated
using descriptive statistics, regression, and elasticity of production analysis. The results
revealed that average flock size, feed quantity per cycle, medication cost, labour and capital
requirement was 105 birds, 2,750kg, N 17,250, 1095 person-days and 330,750,
respectively. The coefficient of determination (R?) is 0.768, indicating that variables in the
regression model explain 77% of the variation in layer production. Moreover, the
coefficient of variables including flock size (-0.440), feed quantity (0.791), medication cost
(0.165), labour (0.275) and capital (-0.131) were significant determinants of layer production.
The estimate of return to scale was 0.654(};0<1), indicating decreasing returns. In addition,
the major constraints of layer production include the high cost of feeds (91.3%), inadequate
capital (80%), disease outbreaks (70.8%) and high medication and equipment costs (61.3%).
This study recommends improved input supply and subsidies; access to farm capital,
commodity markets and farm cooperatives; adoption of modern technology, practices and
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provision of technical support to enhance firm efficiency and optimize productivity.

INTRODUCTION

Livestock farming also serves as a subsidiary occupation
to supplement the income of small and marginal farm
houscholds; livestock production involves the selection,
breeding, management and marketing of animal products
and by products. Success in raising livestock depends on
several factors (Chickezie ¢z al, 2021). Among livestock-
based enterprises, poultry takes center stage due to its
enormous potential for rapid economic development
(Zakati et al., 2018). Poultry production has a shorter
cycle and is much more prolific than larger livestock,
apart from the fact that poultry production is being
conceived to be a technically easy venture (Chickezie e7
al., 2021). Poultry is the largest livestock herd, consisting
of chickens, quail, ducks and turkeys, and together with
poultry products (eggs and meat) accounting for about
30% of the animal protein consumed worldwide
(Onuwa, 2022; Peterman, 2003). In developing countries,
many people in rural areas keep small flocks of scavenger
chickens. These birds play an important role in poverty

alleviation and food security, providing meat and eggs for
family consumption and sale to generate additional
income or fulfill social obligations. Poultry birds also
provide fertiliser and are active in pest control (Tauson,
2005). In addition, the poultry industry plays an
important role in rural socio-economic development. It
provides employment opportunities to the population
and thus acts as a source of income. It is also an excellent
source of nutritious animal protein (meat and eggs)
(USDA, 2015). Poultry meat and eggs are delicious and
generally accepted, with little to no cultural and religious
boundaries in Nigeria (Emokaro and Erhabor, 2014).
Eggs ate a good source of iron, zinc and vitamin A; all of
these are essential for health, growth and well-being

(Australian  Center for International Agricultural
Research (ACIAR), 2009; Food and Agriculture

Organization (FAO), 2012). Meat and egg production
from layers should be enhanced as protein needs must be
met from domestic sources (Chickezie ¢f a/., 2021).
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Efficiency in available resource utilisation and improved
technology adoption is critical to agricultural production
(Alabi and Aruna, 2005). According to FAO's Food
Insecurity Report (2012), 799 million people in 98
developing countries do not have enough food to lead a
normal, healthy and active life. The supply of agricultural
products and the resources used in their production is of
great importance (Binuomote ¢z a/., 2008).

Most developing countries, including Nigeria, face
problems of inadequate food production and protein
deficiencies. Inadequate animal protein remains in the
diet of a large portion of the population, especially in
rural areas, where more than 70% of Nigetia's population
is located, persists (Onuwa, 2022). Nigerian agriculture is
characterised by multitude of smallholder farmers,
rudimentary farming systems and tools, low capital
endowments, and low yields per hectare (Binuomote ez
al., 2008). The Central Bank of Nigeria (CBN) (2010)
confirms that while food production increased at a rate
of 2.5%, food demand increased at a rate of over 3.5%
due to high population growth (2.83%), leading to
marginal food deficit. The current level of food insecurity
requires well-defined approaches to mitigating this trend.
Increasing productivity and efficiency in agriculture and
especially in small-scale production systems, requires
empirical knowledge on the determinants of returns to
scale in layer production. Despite the development of the
egg production industry, domestic demand has not been
matched by local supply in Nigeria (Tijani e al., 2000).
Rapid population growth leads to increased demand for
poultry products (meat and eggs); as such, demand for
poultry products by the growing Nigerian population has
continued to outstrip supply (National Bureau of
Statistics (NBS), 2012). The ongoing challenges facing
the poultry industry and especially layer production make
it difficult for existing farms to expand while new farms
are reluctant to enter the business. Such limitations
include high feed costs, unprofitable egg and bird prices,
low quality feed and feed ingredients, poor management
systems, inadequate disease control facilities, marketing
issues and production costs (Onuwa, 2022). The situation
has forced many poultry farms to close and those that are
still viable produce at very high costs and also face severe
input constraints (Adepoju, 2008). The barriers of
poultry egg production in Nigeria include poor
sustainability, low productivity, inefficient resource
allocation and utilization (Chiekezie ef al, 2021). The
need to allocate productive resources cannot be
overstated (Onuwa, 2022; Ashagidigbi e al, 2011).
Poultry production in Nigeria still has a long way to go to
fulfill its role as a valuable tool of socio-economic
improvement of the rural population (Chickezie e al,
2021). Despite growth in the poultry production industry
in Nigeria, local demand has not been matched by local
supply; and as such resulting in the increase of poultry
product prices (Onuwa, 2022). The results of this study
will therefore help identify the most effective ways to

maximise poultry egg production in the area. Based on
the foregoing, this study analysed firm efficiency among
smallholders; and specifically estimated the determinants
of and returns to scale in layer production; it also
identified the constraints associated with layer
production in the study area.

MATERIALS AND METHODS

Study area

This research was conducted in the Jos North Local
Government Area (LGA) of Plateau State, Nigeria; with
coordinates between longitude 8°40’N and 9°50°’E and
latitude 9°40'N and 10°45'E (NBS, 2012). The average
temperature ranges from 18°C to 30°C and annual
precipitation is between 1,400mm to 2,000mm per annum
(NBS, 2012). It covers an area of 8600 km? and bounded
by escarpments. The LGA has an average altitude of
1,280m.

Method of data collection

Data was collected using a structured questionnaire
designed according to the study objectives by the authors
in English language and administered to the respondents
with the assistance of local enumerators and extension
agents, who also served as translators of the questions to
some of the poultry farmers in their local languages (, e.g.
Hausa, Jarawa, etc.). They questionnaire provided
information on the socioeconomic characteristics of the
respondents (, e.g. age, gender, marital status, etc.), the
factors of poultry egg production (, e.g. flock size, feed,
labour, etc.) and barriers associated with layer production
among the smallholders (, e.g. feed cost, inadequate capital,
disease outbreaks, etc.).

Validation of the research instrument
Content validity was used to measure the adequacy of the
instrument items in this study. Content validity in this
context sought to determine the relevance and adequacy of
items included in the instruments. Using the Jury Method
(Kerlinger, 1973), the entire instrument was subjected to
the scrutiny of relevant experts. Each of the experts was
requested to independently give his expert opinion on the
relevance and adequacy of the items with respect to the
objectives of the study. Various questions of the data
collection instrument were scrutinized in terms of how
relevant they are to the specific objectives of the study as
well as how the prepared questions exhaustively cover the
specific objectives of the study. Furthermore, the data
insttument was examined

collection against  the

background of its adequacy in regard to the

accomplishment of the objectives of the study.

Instrument reliability test

An instrument is considered reliable when it consistently
produces the same result when applied to the same
sample many times (Osuala, 2005). The test-retest
method of affirming instrument reliability was employed
for this study. It was computed by calculating the
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correlation coefficient between two distributions of test
scores obtained at two different times on the same
respondents. The instrument was trial tested on 20
respondents drawn from two wards in the Local
Government Area viz: Naraguta B. and Salisu Adamu.
The information obtained from the responses to the
instrument was analysed using product-moment
correlation analysis. High value of mean product-
moment correlation coefficient of 0.723 indicated high
reliability of the instrument.

Sampling procedure

The respondent farmers for the study were chosen using
a two-stage cluster sampling technique. In the first stage,
four districts (Naraguta B, Salisu Adamu, Ali Kazure and
Garba Daho) from the 14 districts in the study area were
purposively selected because poultry farmers are
prevalent in these areas. In the second stage, at constant
proportionality of 0.13 (13%); which is the constant ratio
or fraction of variable quantity to another to which it is
proportional, eighty (80) respondents were randomly
selected for the purpose of this study from a sample
frame of 804 poultry (layer) farmers compiled by local
enumerators and extension agents from the Agricultural

Table 1: Sample frame and size

unit at the LGA secretariat; and validated using raosoft
sample size calculator at 90% confidence level and 10%
margin error as adapted from Onuwa e/ 4/, (2022). Also,
in selecting the sample size from the sample frame the
Slovin formula was used; a total of 105 poultry farmers
were methodically identified based on their participation
in layer production, however, only 80 questionnaires
were retrieved and used for the purpose of this study.
The Slovin formula is specified in Equation (1), as
adapted from Onuwa ¢z al. (2021);

n=N/1+722(1)

n = Sample size.

N = Sample frame.

72 = Z-scote / error margin (confidence level at 95%);
confidence level at 95% = 2.58

Hence;

n = 804 + 7.656 = 105.02

The sample frame and size are presented in Table 1;
however, for the purpose of this study only 80
questionnaires were retrieved; due to distorted values and
mutilation of the rejected questionnaires.

District Selected communities Sample Frame Sample Size (0.13)
Gwong Naraguta B, 298 21

Salisu Adamu 183 66

Ali Kazure 171 26

Garba Daho 152 13
Total: 804 105

Source: Field Survey, 2016

Analytical technique

Descriptive and inferential statistics were used for the
analysis of the collected primary data. Regression analysis
was used to evaluate the factors affecting layer
production in the study area. The return to scale in layer
elasticity of

production was estimated using the

production factors.

Regression Analysis

A multiple regression analysis was used to estimate the
input/output ratio in layer production and to determine
the factors influencing layer production in the study area,
a structural relationship was specified, and it showed a
relationship  between dependent )
independent variables (Xj). Four functional forms (linear,
semi-log, double-log, and exponential) were specified and
fitted to the data. The double log function was the best
fit and was chosen as the main equation. The selection of

variable and

the production function depends on the sign and
magnitude of the coetficients, the number of significant
variables, the multiple determination coefficient, the
the of the

coefficients and the overall performance of the model.

economic rationale, and significance

The model in explicit form is given by equation (2) as
adapted from Onuwa ¢/ al., (2020):

Onuwa et al. /USci, 1(1): 254 — 260, September 2022

Log Y = fio + f1logXs + [SologXo + [5009X5 + fulogXy + [5l0gXs
©)

Where:

Y = Total farm output (number of eggs); fo = intercept; S
_ 5= estimated coefficients (Regression coefficients of X
—X5s); X1 = Flock size (number of chicks); Xo = Feed (kg),
X3 = Medication cost (N); X4 = Labour (man-days); and
X5 = capital (N); and e; = Error term.

Return to scale

This refers to the change in output due to a certain
proportional in all of production
simultaneously. It is a long term concept because all the

change factors
variables are different. Returns to scale increase, remain
depending
proportional increase in inputs leads to a greater, equal, or

constant, or decrease, on whether a
lesser proportional increase in output. The elasticity of
production is used to estimate returns to scale and is given

by equation (3):

%change in output (%AY)
%change in input (%Ax)

Elasticity of production (3p) = . (3

It can also be estimated from the relationship between the

marginal physical product (MPP) and the average physical
product (APP), expressed in equations (4), (5), (6) and (7):
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AY | Ay

Zp = T - 7 .............................................. (4—)
Written as;
_AY X

Yp = By T e ")
Given that;

AY X _

e =MPP; and . 1/APP ..o, ©)
Therefore;

YP=MPP JAPP ..o, 7

However, in the production function, the return to scale
obtained is equal to the sum of the clasticity’s of the
independent variables (Reddy e a/, 2004) and expressed
in equation (8):

Yok =RTSk...... (8)

Where: Y'=Summation sign; ¥p*= Elastic modulus of k
variables; RTS=Returns to scale

Decision Rule:

IfYp* > 1; denotes increasing returns to scale.

IfYp* = 1; denotes constant returns to scale.

Ifyp* = < 1; denotes decreasing returns to scale.

RESULTS AND DISCUSSION

Production factors

Table 2 revealed that the mean flock size was 105 birds;
this flock size indicates a predominance of smallholder
farmers in the area; thus, layer production among the
respondents was at subsistent levels; and as such lower
farm productivity and profitability. This corroborates
with Onuwa (2022) who reported similar outcomes.
Average feed quantity utilized per production cycle (72
weeks) was 2,750kg; suggesting that poultry feed was a
critical production input; and as such an important
component in layer production. This corroborates with
Chiekezie e al. (2021) and Zakari e al. (2018) who
reported similar outcomes in their respective studies on
layer production. Also, estimated average medication cost
was & 17,250. Administration of poultry medication was
critical in raising healthy birds and mitigating disecase
outbreaks; and as such, medication is a vital cost
component in layer production (Onuwa, 2022; Wale ¢/ a/.
2020). The average quantity of labour per production
cycle (72 weeks) was 1,095 man-days; implying that layer
production is relatively labour-intensive and requires
strict adherence to modern management practices. This
corroborates with Onuwa (2022) who reported a similar
outcome in a study on broiler productivity. Additionally,
the estimated mean capital required per production cycle
for an average flock size of 105 birds was }330,750. This
implies that layer production has relatively high capital
requirements in the study area. This was attributable to
the high cost of production inputs such as poultry feed,
day old chicks, etc. These results confirm Chickezie ¢ al.
(2021); Zakari ez al. (2018); Emokaro and Erhabor (2014);
and Polycarp ¢/ al. (2004), who reported similar outcomes

in their respective studies on economics of layer
production.

Table 2: Summary statistics of production factors per

cycle
Factors Mean S.D
Flock size (number of chicks) 105 +7.07
Feed (kg) 2,750 +353.6
Medication cost () 17,250 +1061
Labour (man-days) 1,095 11344
Capital (¥) 330,750 197970

Source: Field Survey (2016)

Regression analysis

The regression analysis presented in Table 3 revealed the
determinants of layer production in the study area. The
estimated coefficient of determination (R?) is 0.768,
which means that 77% of the wvariation in layer
production is explained by the independent variables in
the regression model, while the remaining 23% are
exogenous to the system, ie. wunexplained and
attributable to the random stochastic error term (e;); thus,
the null hypothesis is rejected. Further, the F-ratio (5.91)
is significant at p< 0.05 (5%) level, implying that the
variables (x;) in the regression model accurately predict
the outcome variable (Yj). Therefore, the regression
model fits the dataset well. It shows a significant and
linear relationship between variables. These results
corroborate with Chiekezie ¢/ a/. (2021) and Zakati et al.
(2018) who reported similar outcomes in their respective
studies on economics of layer production. The
coefficient of flock size (-0.446) was negative and
statistically significant 5% level. This implies that high
stocking density, relative to smallholder production
systems, results in reduced output as the space occupied
by each bird per m? is diminished. Cannibalism becomes
frequent, and the struggle for feed increases, resulting in
high mortality rates and a decline in output. These results
corroborate with Chiekezie ¢7 a/. (2021) who reported a
similar outcome in their study on economics of layer
production. In addition, the quantity of feed coefficient
(0.791) is positive and statistically significant at 5% level.
This implies that adequate poultry feed improves egg
production; and as such, it is very important in layer
production. Feed is a critical component in poultry
production (Onuwa, 2022). In addition, the coefficient of
medication cost (0.165) was positive and statistically
significant at a 5% level. It could be deduced that the
administration of the recommended medication to the
birds enhances farm productivity (Onuwa, 2022; Wale ez
al. 2020). Thus, medication is an important cost
component in layer production. In addition, the labour
coefficient (0.275) is positive and statistically significant
at a 1% probability level, showing that labour supply is
an important component in layer production; it is a
major requirement in carrying out various farm activities.
This corroborates with Onuwa (2022) who reported a
similar outcome in a study on broiler productivity.
Additionally, the coefficient of capital (-0.131) was
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negative but statistically significant at a 5% level. This
implies that layer production requires adequate money
subject to the scale of production, and such as increase in
stocking density results in higher capital requirements.
These corroborate with Zakari e al. (2018); Yusuf and
Malamo (2007); Oji and Chukwuma (2007) who reported
similar results in their respective studies on economics
and technical efficiency in layer production.

Table 3: Factors affecting layer production

Variable Coefficients Standard T-value
Error

Constant 4.071%* 1.6 2.51

Flock size -0.446%** 0.173 -2.578

(X1)

Feed (X2) 0.791%* 0.316 2.503

Medication  0.165%* 0.056 2.946

cost (X3)

Labour (Xy)  0.275%%* 0.065 4.23

Capital (X5) -0.131%* 0.049 -2.673

R2 0.768

F-ratio 5.91

Source: Field Survey (2016); *** & **= Significant at 1%
(»<0.01) and 5% (»p<0.05) Level

Elasticity of production

Table 4 shows the values of elasticity of production
(> 0Y. The estimated value of returns to scale is 0.654;
thus, Y.p <1 which indicates a decreasing return to
scale. Diminishing returns to scale are due to the
operation of economies of scale, ie. the reduced
technical efficiency of fixed and variable factors. Variable
factors are abundant compared to fixed elements. The
additional yield of the variable factors becomes negative,
so an increase in the use of the variable resources will
produce less additional output. Thus, adding successive
units of variable factors to fixed factors in the layer
production process adds less to the gross farm output
(eggs) produced. This value represents stage III of the
production function, which is regarded as an irrational
(supra-optimal) production stage. This stage allows for
the reorganisation of fixed and variable resources and
also correlates with the Law of Negative marginal
returns. These results support Wale e7 a/. (2020); Olaniyi
et al. (2008); and Ojo (2003) who reported similar
outcomes in their respective studies on economics and
technical efficiency of layer production systems.

Table 4: Factors of elasticity and economies of scale

Factors of Production Elasticity of
production (3 '0%)

Flock size (X1) -0.446

Feed (X2) 0.791

Medication cost (X3) 0.165

Labour (X4) 0.275

Capital (X5) -0.131

Returns To Scale 0.654

Source: Field Survey (2016)

Constraints of layer production

Table 5 shows that the most common limitations of layer
production in the study area include the high cost of
feeds (91.3%) due to the high cost of feed materials,
inadequate capital (80%), attributable to lack of access to
agricultural credit. Disease outbreaks (70.8%) result from
adopting poor management practices and disease control
measures; and high medication and equipment costs
(61.3%). Others were unskilled labour (40%), poor
market channels (31.3%), inadequate production
technologies/inputs ~ (28.8%), and  pecking and
cannibalism (21.3%). These results corroborate those of
Chickezie ez al. (2021); Zakari ez al. (2018); Charles (2000);
and Hassan (2002) who reported similar outcomes in
their respective studies on ecconomics of layer
production.

Table 5: Constraints of layer production among
smallholders

Constraints Frequency* %
1. High cost of feed 73 91.3
2. Inadequate capital 64 80.0
3. Disease outbreak 56 70.8
4. High medication & 49 61.3

equipment cost
5.  Unskilled labour 32 40.0
6. Poor market channels

for eggs 25 31.3
7. Inadequate production

technologies/inputs 23 28.8
8. Pecking and

Cannibalism 17 21.3

Source: Field Survey (2016); * = Multiple responses
CONCLUSION

This study analysed the factors affecting firm efficiency
and return to scale in layer production among
smallholder farmers. The factors of production were
revealed to influence the tespondents' agticultural
productivity. In addition, the variables in the regression
model are significant determinants of layer production in
the study area. The estimated elasticity of layer
production shows diminishing returns to scale, i.c. the
technical efficiency of fixed and wvariable resoutces
decreases. All constraints identified by farmers as
economically important and significantly affect layer
production in the study area; and as such, efforts should
be made to minimise these limitations. Poultry egg
production in the study area is viable if the factors
affecting farmers are minimised.

RECOMMENDATIONS

Based on the findings of this study, the following
recommendations are made for improvement of the
performance of layer production for smallholder farmers:
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1. Implement policies to subsidise the cost of
poultry feeds, medication; poultry technology
and equipment’s.

i.  Provision of credit information and financing to
farmers to avail them opportunities to capital
required to expand their scale of production.

fii.  Adherence to modern management practices
and measures at optimum stocking density to
mitigate  disease  outbreaks, pecking and
cannibalism.

iv. Provision of technical support, agro-services

centers and improved farm cooperatives to
facilitate sustainable layer production among
smallholders.

V. Improved market channels and linkages for
poultry products (eggs, meat and poultry

manure) that enhances efficiency and
profitability.

vi.  Implement policies to improve farmers' access
to improved breeds of chicks, poultry
technology and inputs.

vii.  Adoption of modern management practices that
improves firm efficiency and optimizes
productivity.
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