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Abstract

Climate change poses a growing threat to livestock productivity, particularly in poultry systems reliant
on optimal thermal conditions. Meteorological data on selected weather variables - temperature and
relative humidity — were collected at the National Animal Production Institute weather station over
twenty (20) weeks laying period to determine its real-time effects on Hen-house egg production of 100
progenies each from the two genetic lines (Sire and Dam line) of ShikaBrown® breed. The research
employed multiple regression analysis and descriptive statistics to estimate short-term impacts of
weather elements over the period. The study found significant (p<0.01) real-time effects of temperature
(=7.685) and humidity (-3.568) on egg production. Temperature showed a decreasing trend with the
minimum (19.10°C) and maximum temperature (35.00°C) in the month of January at weeks 12 and in
November at weeks 4. A minimum of 10% humidity is observed across all weeks, while the highest of
41% was recorded in November at week 1. The findings emphasized production planning with seasonal
forecasts and the need for timely climate-adapted management strategies to sustain productivity under
changing climatic conditions in tropical regions.
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Description of Problem Thermos-Neutral Zone (TNZ) based on the
species, livestock age and physiological
stature, relative humidity and other
determinants (2). Various thermal discomfort
and bioclimatic indices have been used to
characterize the comfort and discomfort level
(3; 4). Laying birds have specific thermal
comfort ranges which indicate the range of
ambient temperatures (AT) where energy
requirement is minimal and constant (5). In
. . -~ . laying hens, the ideal ambient temperature
egg .welght, liveability, 'feed conversion ranges between 21 and 28 °C (6). Another
efﬁCICany. ancli large. cgg s1ze (_1)‘ H0w§ver, report indicates that maintaining temperatures
productivity in laying birds is negatlv.ely between 18°C and 27°C supports optimal egg
affected by elevation in temperature, reducing production, while severe heat stress (33°C,

the numbgr and' sjze of eggs prf)d}lced. 66% RH) led to a 30% reduction in feed intake
Changes in humidity work synergistically and 11% decrease in egg production (7).

Wlth high .enV1r0nmental tgmpergture to Conversely, (8) reported that the productivity
impact .negatlvely on poultry birds. Livestock of laying hens increased under environments
has optimum temp erature confines for growth, with relative humidity ranging from 40 to
development and coziness known as the 70%. Laying hens exposed to ambient

The influence of weather elements such as
temperature and humidity on poultry
production is profound, particularly in the
context of climate change. ShikaBrown® layer
is the result of over twenty years of active
breeding and selection work at the National
Animal Production Research Institute. The
breed is known for its brown eggs, excellent
shell quality, high production rate, persistency,
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temperatures above the TNZ experience heat
stress that triggers physiological defense
mechanisms, including panting (9). (10)
observed constant high temperatures of 34°C
negatively affected egg weight and quality,
with significant reductions in egg mass.
Laying hens exposed to lower TNZ of 12°C
show impaired performance compared to
those at normal temperatures of 24°C (11).
Most of the research efforts on the effects of
extreme weather conditions on poultry
production examined the broader implications
of climate change on agriculture in Nigeria
(12; 13). While studies of (14) examined the
effect of high temperature on body weight
gain, egg production and eggshell formation
process in laying hen, comprehensive research
focusing on the combined impact of
temperature, humidity, and extreme weather
events on egg production remains limited.
Even then, fewer reports have appeared in
literature regarding the precise nature and
magnitude of real-time weather influences on
poultry egg production (15; 16). Existing
studies (17; 18) often provide conflicting or
inconclusive findings regarding the precise
nature and magnitude of climatic influences
on poultry egg production. However, an
attempt is made in this paper to provide up-to-
date information on the effect of selected
weather elements on egg output of
ShikaBrown® breed. Thus, contributing
positively to knowledge of the problem that
climate change poses to the poultry sector
which bears the contribution to the economy
of developing countries as well as suggest
potential targeted adaptation and mitigation
strategies for the Nigerian poultry farmers and
industry.

Materials and Methods

Experimental site: The study was conducted
at the National Animal Production Research
Institute Poultry Research Programme Unit
Zaria, Nigeria. The Institute is situated at a
height of 640 meters above sea level in the
Northern Guinea Savannah zone of Nigeria, at
latitude 11° 12°42’N and longitude 7°
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33’14"°E, Nigerian Meteorological Agency
(19). Its location in a semi-arid area
contributes to its mean annual precipitation of
1,107 mm, which falls over 120-170 days
from late April to early October.

Management of progeny lines: One hundred
(100) progeny hens each from the two
ShikaBrown® Strains (Sire and Dam line) were
utilized for the experiment. All the birds were
kept in single cages and received feed and water
ad libitum. An institutional diet containing 2,700
kcal of ME/kg and 17% CP (18 to 40 weeks of
age) was provided for the birds.

Egg production and weather data: Egg
production data from one hundred (100)
progenies each of two genetic lines (Sire and
Dam line) of ShikaBrown® grandparents was
collected on weekly Hen-house egg
production. These were taken along with real-
time macroclimatic condition in the pen on
temperature and relative humidity.

Analytical techniques: Descriptive statistics
of weather variables on average humidity,
temperature and the corresponding standard
deviations in relation to egg output during a
20-week laying period were taken. Minimum
and maximum values on both variables were
recorded, respectively. Data obtained from
this study was analyzed using linear regression
and trend analysis.

Trend analysis: The models for the trend
analysis were in the linear form, semi log form
and exponential form. The best fit was chosen
based on the value of the adjusted coefficient
of determination, R2.

Linear Form: C; =bo+biT
Semi log: Ci =bo+biInT
Exponential: InC;=bo +b,T

Ci = weather variables (Temperature and
Relative Humidity), T = time, b and by =
parameters to be estimated. In this study, trend
analysis was used to examine and establish the
pattern for weather variables (Temperature
and Relative Humidity).
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Multiple regression analysis: Regression
analysis was used to determine the effect of
climate elements on egg production in the
study area. The implicit form of the regression
model is given as; Y = f (X1, X2, X3, X4, e)

Where: -

Y = egg output (No of Crates or Hen-house
production)

X1 = Total annual rainfall/precipitation
(mm)

X, = Mean annual temperature (°C)

X3 = Mean annual relative humidity (%)
X4 = Time period

€ = error term

Various functional forms of the model were
estimated in order to choose the lead equation

Linear function; Y=bo+ biX; + byX; +

b3 X3 + bsaXas

Semi-log function: Y = logbo + bilogX; +
bleng + b310gX3 + b410gX4

Exponential function: logY =bo + biX; + b2X>
+ b3 X3 + bs Xy

The a priori expectations of the regression
model were

X, — Temperature above or below this range
(11°C-26°C) is hypothesized to affect the rate
of egg droppings. This is according to (20). X3
— Relative humidity level above or below 75%
is hypothesized to cause a reduction in egg
laying (21).

Unit root and co-integration tests: The co-
integration analysis involves a unit roots test
performed on both level and first difference to
determine whether the individual input series
are stationary and exhibit similar statistical
properties. It should be noted that regressing a
non-stationary time series data over another
non-stationary time series data gives a
spurious or nonsense regression (22). To
correct this, a unit root test was performed.

Results and Discussion
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Table 1 presents descriptive statistics of
selected weather variables in relation to egg
output over a 20-week laying period. The
highest humidity of 41% was recorded in
week 1, while a 10% minimum is observed
across all weeks. Temperature across weeks
of laying shows a decreasing trend with the
minimum  (19.10°C) and  maximum
temperature (35.00°C) values in weeks 12 and
4, respectively. The average value of
temperature and its standard deviation over the
period were 27.82°C and 3.60°C, indicating a
slight variability in temperature values from
week to week. Rainfall remained constant at
zero value throughout the laying period due to
dry season. Trend analysis shows relative
humidity had a trend coefficient of -19.65
(p<0.01), while temperature had a trend
coefficient of -6.84 (p<0.01), suggesting that
both weather variables decreased significantly
between the months of November to March.
Relative humidity had a strong negative
correlation with egg production (r = -0.89,

p<0.01), while temperature showed a
moderate negative correlation (r = -0.58,
p<0.01). Regression results using three

functional forms is presented in Table 2.
Effects of weather variables on weekly egg
output had R? of 0.94, implying that 94% of
the variance in egg production was explained
by temperature, relative humidity and time (in
weeks). The coefficient for temperature in the
regression analysis is — 7.685 (p<0.01),
indicating a significant negative relationship
between temperature and egg production over
the study period. This suggests that a 1%
increase in temperature led to a corresponding
7.7% decrease in egg production due to heat.
Rainfall was excluded from all models and set
to zero due to the dry season. The linear
function, stated below was chosen as the lead
equation (Y= 314.954 + 0X; — 7.685X, —
3.568X3+ 16.678X4). It was chosen because it
had the highest adjusted R? (0.9357). This
result buttresses the studies of (23) who stated
that high temperatures above 27°C led to a
30% decrease in egg production and a 30-50%
reduction in feed intake. (7) further
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emphasized that severe heat stress of 33°C
leads to a 30% reduction in feed intake and an
11% decrease in egg production. (24) also
opined that high temperature also results to a
reduction in poultry live weight, growth speed
and high mortality in addition to a decrease in
productivity and quality of the eggs. The
coefficient for relative humidity in the
regression analysis is -3.57(p>0.01). The
negative coefficient indicates that an increase
in relative humidity by one unit (holding other
variables constant) is associated with a
decrease of approximately 3.57 units in egg
production. According to (25) elevated
humidity levels, particularly in humid tropical
environments, can worsen heat stress in
poultry, leading to reduced egg production and

compromised bird welfare. Despite the rising
temperatures, there exists a positive
relationship between egg output and time,
implying that egg production increased
significantly (p<0.01) over 20-weeks laying
period among the ShikaBrown® hens (20-40
weeks of age), reenforcing the high
productivity and adaptability of the breed to
tropical environment noted by (1).
Conversely, this could be attributed to the
optimal humidity level (41%) recorded during
the study period, which is consistent with the
findings of (8) who opined that productivity of
laying hens increased under environments
with relative humidity ranging from 40 to
70%.

Table 1: Descriptive and trend analysis of data on weather variables in 20 weeks of laying

Relative Humidity (%) Temperature (°C)
Mean 16.65 27.82
Standard deviation 8.06 3.60
Maximum value 41.00 35.00
Minimum value 10.00 19.10
Trend coefficient -19.65%** -6.84%**
Correlation coefficient -0.89%** -0.58%**

Table 2: Regression estimates of weather variables and egg output in 20 weeks of laying

Variables Linear Form Semi-log Form Exponential Form
Coefficient T ratio Coefficient T ratio Coefficient T ratio

Constant 314.954 8.71 7.756 13.36 7.756 13.36

RF (X4) 0 (setto 0) - 0 (setto 0) - 0 (setto 0) -

T (X>) -7.685%** -5.93 -0.0834 -4.01 -0.0834 -4.01

RH (X3) -3.568 -3.50 0'10(;5*** -6.14 0'100'5*** -6.14

Week (X4) 16.678*** 13.03 0.0917%** 4.46 0.0917%#** 4.46

R? 0.9378 0.8726 0.8726

Adjusted R* 0.9357 0.8683 0.8683

F ratio 442.27 200.94 200.94

** p< = (.05, *** P<=(.001; RF: Rainfall, T’: Temperature, RH: Relative humidity
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Conclusion and Application

Regression result in 20 weeks egg laying
indicated that temperature and relative
humidity negatively affected egg production,
with the linear model explaining over 94% of
the variance in egg production. The coefficient
for temperature in the regression analysis is —
7.685, implying that 1% increase in
temperature led to a corresponding 7.7%
decrease in ShikaBrown® egg production.
Therefore, farmers should align production
planning with seasonal forecasts and prepare
for adverse weather conditions that could
impair laying performance. Nutritional
strategies during hot weather should be
adjusted to include energy-dense, electrolyte-
balanced feeds that reduce metabolic heat.

Furthermore, enhanced poultry housing
systems  with  climate-smart  designs,
incorporating  ventilation, targeted heat
mitigation strategies, such as foggers,

evaporative coolers, and shaded enclosures,
especially during peak heat periods, should be
adopted.
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