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Abstract: This objective of the study was to investigate the effects of season and energy levels on the 

broiler productivity index (BPI) in the semi-arid environment. The study was conducted in three 

different seasons (hot, rainy and cold seasons). A total of 2,025 boiler chickens comprising three 

strains (Arbor Acre, Marshall and Hubbard) were used. Of this, 675 were used per season, with 225 

birds from each strain. The birds were fed diets containing three energy levels: low (LE), medium 

(ME), and high (HE). Temperature-humidity index (THI) of the seasons was computed to charac-

terize the thermal comfort of the chickens across the seasons. Results indicated that the chickens 

were reared under severe heat stress (THI > 30), moderate heat stress (THI 27.8–28.8), and thermo-

neutral conditions (THI < 27.8) during the hot, rainy, and cold seasons, respectively. Additionally, 

energy level and season significantly affected the BPI of the chickens (p < 0.05). Birds fed the LE diet 

had a higher BPI than those fed the other energy levels. Furthermore, birds reared during the cold 

season exhibited a higher BPI than those reared in the other seasons. Therefore, feeding the LE diet 

improved the BPI of birds across all seasons.  
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1. Introduction 

Poultry production in tropical environments suffers substantial losses due to envi-

ronmental stressors such as high ambient temperature and relative humidity, which make 

production highly challenging [1,2]. The semi-arid environment, in particular, hinders 

broilers from achieving their expected body weight at specific ages, thereby reducing 

overall productivity and making the broiler industry less profitable in the region [3,4]. 

This peculiar situation necessitates the evaluation of different broiler strains fed varying 

energy levels across the distinct seasons of the semi-arid environment [5]. The climate in 

such regions is characterized by three distinct seasons—hot, rainy, and cold—each pre-

senting unique challenges to broiler production. This underscores the importance of stud-

ying seasonal variations and their implications for broiler performance [6–8]. 

Several broiler strains have been developed to enhance growth rate, feed conversion 

efficiency, and survivability [9–11]. However, most of these strains were developed under 

temperate climates or environmentally controlled conditions [8] and may therefore not 

perform optimally when exposed to the natural semi-arid production environment [12–

14]. Common broiler strains raised by farmers in the region include Arbor Acre, Marshall, 

Hubbard, Ross, and Anak [15]. 
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In addition to strain differences, dietary energy content plays a pivotal role in achiev-

ing the desired production performance for which broilers are genetically developed 

[12,16–18]. Energy requirements of broiler chickens are largely influenced by environmen-

tal conditions, stage of growth, and production objectives [17,19,20]. Several studies have 

indicated that broilers reared under hot and humid conditions experience thermal stress, 

which compromises their performance due to increased metabolic effort in thermoregu-

lation [8]. Under such environmental conditions, energy requirements for broilers have 

been reported to range from 2800 to 3200 ME kcal/kg [21,22]. This variation is primarily 

attributed to seasonal fluctuations in temperature and relative humidity. 

Therefore, the present study investigated the performance variability among com-

monly reared broiler strains under different dietary energy levels across the distinct sea-

sons of the semi-arid environment, with the aim of identifying the most suitable strain 

and dietary energy level for each season. 

2. Materials and Methods 

2.1. Study Area 

The study was conducted at the Poultry Production Unit of the Livestock Teaching 

and Research Farm, Department of Animal Science, Usmanu Danfodiyo University, So-

koto. Sokoto State lies in the north-western region of Nigeria (12°00′00″ N to 13°05′00″ N, 

4°08′00″ E to 6°04′00″ E). The area falls within the Sudan savannah ecological zone, char-

acterized by distinct wet and dry seasons. The hot season extends from March to May, 

followed by the rainy season from June to September. The cold season (harmattan) occurs 

between November and February, during which temperatures are considerably lower 

compared to the other seasons. 

Ambient temperatures during the hot period can rise to 43.6°C, while minimum tem-

peratures may drop to about 12.8°C during harmattan [23]. Relative humidity averages 

approximately 20% in April and may fluctuate diurnally from 30% to as low as 10% in the 

afternoon during the dry, dusty harmattan winds. In contrast, humidity levels during the 

rainy season can reach up to 82% in August [24,25]. 

2.2. Experimental Design 

The trial was conducted across three seasons—hot, rainy, and cold—using three 

broiler strains (Hubbard, Arbor Acres, and Marshall), with 225 birds per strain in each 

season, making a total of 2,025 broiler chickens.  The birds were arranged in a factorial 

layout under a completely randomized design. Three dietary treatments were offered to 

each strain in each season. Each dietary treatment had five replicates with 15 birds per 

replicate.  

For the starter phase, the three dietary energy levels were formulated as 2,900 kcal/kg 

ME (LE: low energy), 3100 kcal/kg ME (ME: medium energy), and 3300 kcal/kg ME (HE: 

high energy). Similarly, during the finisher phase, the energy levels were 2800 kcal/kg ME 

(low energy), 3000 kcal/kg ME (medium energy), and 3200 kcal/kg ME (high energy). The 

diet formulation used in this study was identical across all seasons and has been described 

in detail previously [26].  

2.3. Experimental Birds and Their Management 

The birds used for this experiment consisted of three strains, namely Hubbard, Mar-

shall, and Arbor Acres broiler strains. The day-old chicks were of the same age. The ex-

perimental birds were fed a commercial diet during an adjustment period of three days 

after purchase to reduce stress due to transportation. During this period, they were ad-

ministered vitamins as anti-stress agents. The birds were later weighed and allotted to 

their replicate groups. Vaccinations, antibiotics and coccidiostats were used as per the 

farm protocols. The birds were housed in deep litter pens with open-sided walls. The pens 

were washed, cleaned, fumigated, and disinfected prior to the arrival of the birds. Wood 

shavings were used as litter material. This procedure was repeated in each season. 
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2.4. Experimental Period and Duration 

The hot season trial was conducted between March and April, which was character-

ized by high ambient temperature and low humidity, while the rainy season trial was 

conducted between July and August and was characterized by high rainfall, temperature 

fluctuations, and high humidity. Similarly, the cold season trial was carried out from No-

vember through January and was characterized by low ambient temperature and relative 

humidity. In all seasons, the trial lasted for 56 days (8 weeks). 

2.5. Data Collection 

Feed intake was recorded daily by subtracting the leftover feed from the feed offered 

the previous day. The birds were weighed weekly, and weight gain was determined. Feed 

conversion ratio was calculated using feed intake and weight gain for each replicate. Sim-

ilarly, the data obtained on final weight, mortality (livability), and feed conversion ratio 

were used to compute the broiler productivity index (BPI) for each replicate using the 

formula: 

BPI = [(Live weight × Survivability)/ (FCR × Rearing period(days))] × 100 

Where FCR represents feed conversion ratio. 

A Metro-clock weather station was used to monitor weather variables, including 

temperature and relative humidity of the immediate environment, hourly, from which 

daily means were computed. These variables were used to calculate the Temperature-Hu-

midity Index (THI) following Lallo et al. [27] using the formula below: 

THI=   0.85T + 0.15RH 

Where T is ambient temperature in °C and RH is relative humidity in %. 

2.6. Data Analysis 

Data for BPI were subjected to analysis of variance (ANOVA) using StatView soft-

ware (SAS Institute Inc., 1998), and the least significant difference (LSD) test was used for 

mean separation. Daily THI data for all days during the study were plotted to characterize 

the thermo-comfort conditions of the rearing seasons according to Tirawattanawanich et 

al. [28]. 

3. Results and Discussion  

3.1. Temperature-Humidity Index during the Hot, Rainy, and Cold Seasons of Broiler Rearing 

The analysis of temperature-humidity index (THI) data highlights significant sea-

sonal variations that impact poultry health and performance (Figure 1).  

 

Figure 1. Temperature-humidity index (THI) of chicken rearing pens during the hot, rainy, and cold 

seasons. 

During the hot season, THI levels frequently exceed 30, resulting in severe heat stress, 

which adversely affects growth and metabolic functions in broilers[29,30]. Severe heat 
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stress also impairs immune function [31]. In contrast, the rainy season shows fluctuating 

THI levels ranging from comfort (THI ≤ 27.8) to moderate heat stress (THI 27.9–28.8), 

which continues to challenge nutrient digestibility, absorption, and overall performance 

[30,32]. The cold season, characterized by THI below 27.8, supports optimal growth and 

health, minimizing stress-related issues [29,33]. 

3.2. Broiler Productivity Index 

The results on the effect of energy level, season, and strain on BPI are presented in 

Table 1. The low-energy diet was observed to have a significantly higher (p < 0.05) BPI 

value than both the medium- and high-energy diets. However, BPI did not differ signifi-

cantly (p > 0.05) between the medium- and high-energy diets. Similarly, the cold season 

recorded a significantly higher (p < 0.05) BPI value than either the hot or rainy season, but 

there was no significant difference (p > 0.05) between the hot and rainy seasons with re-

spect to BPI. 

Table 1. Effect of energy level, season, and strain on the broiler productivity index of chickens reared 

in a semi-arid environment. 

Factor BPI (Mean) SEM p Value 

Energy level   0.042 

High 332.949 b   

Medium 333.847 b   

Low 405.386 a 28.430  

Season   < 0.001 

Hot 324.137 b   

Rainy 298.580 b   

Cold 449.459 a 21.193  

Strain   0.091 

Arbor Acre 355.513   

Hubbard 357.417   

Marshall 359.252 25.789  

Means with different superscripts (a, b) differ significantly (p < 0.05). 

 

Low-energy diets resulted in significantly higher BPI values (p < 0.05) compared to 

medium- and high-energy diets, suggesting that lower energy content promotes greater 

feed intake. The inverse relationship between energy content and feed intake is particu-

larly important in hot environments, where birds may struggle with thermal stress [34]. 

Eldelita and Naas [35] reported a significant difference (p < 0.05) in BPI between broilers 

reared in regulated housing and those kept under the naturally hot and humid environ-

ment of Brazil, which is in line with the findings of this study. In another study [36], they 

reported a significant (p < 0.05) effect of strain, environmental temperature, and ventila-

tion on broiler productivity, which partly agrees with the findings of the current study. 

In alignment with this observation, the cold season recorded a markedly higher BPI 

value of 449.459 (p < 0.05), which was considered exceptional when compared with the 

BPI values obtained during the hot (341.137) and rainy (298.580) seasons. This pattern un-

derscores the environmental challenges associated with both the hot and rainy seasons in 

semi-arid ecosystems, which may negatively affect broiler productivity. These adverse ef-

fects are likely attributable to elevated temperatures during the hot season and pro-

nounced temperature fluctuations combined with high humidity levels during the rainy 

season. 

Such environmental stressors can influence feed consumption and survivability, 

thereby affecting performance indicators such as live weight and feed conversion ratio, 

ultimately resulting in reduced BPI values in both the hot and rainy seasons. Notably, 

Hayati and Atilgan [37] reported that broiler production is more viable during the sum-

mer months than in winter, which contrasts with the findings of the present study. How-

ever, this discrepancy may be attributed to differences in production scale, the specific 
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variables considered in calculating production efficiency, and variations in environmental 

conditions encountered across studies. 

4. Conclusions 

In conclusion, the study revealed that under semi-arid conditions, low-energy diets 

resulted in a higher productivity index in broilers. Additionally, the hot and rainy seasons 

markedly reduced the productivity index. Considering the importance of dietary energy 

level and seasonal effects, targeted feeding strategies should be implemented, and appro-

priate measures should be adopted to mitigate the impact of heat stress during hot and 

humid seasons in semi-arid regions. Since low-energy diets were found to improve 

productivity under hot semi-arid conditions, future research should focus on optimizing 

season-specific feeding regimes. 
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