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ABSTRACT
The study was conducted at the Teaching and Research Farm of the Department of Animal Science of Usmanu Danfodiyo University, Sokoto, Nigeria. To determine the effect of housing and season on haematology of Uda rams. A factorial design (3x5) was used in this experiment where housing types and season combinations representing the factors (treatment combination). Four animals were allotted to each housing types with each animal serving as replicate. At the end of feeding trial in each season blood samples were collected in EDTA bottle from each animal which were analysed for haematological indices, the data obtained were subjected to Analysis of variance (ANOVA) There was significant (P<0.05) variation in PCV between animals placed in HZ and those in FT and FZ. PCV values are below the normal range in FZ and FT while RBC is also below normal range in all the treatments except HT. The result showed that Hb values were below normal range during hot season, while RBC was below normal range in all the seasons, the other parameters are within the normal range. The study concludes that housing system and seasonal variation significantly influenced haematological indices in sheep, with poorly ventilated or inadequately shaded structures during the hot season causing reductions in Hb, RBC, PCV, and lymphocyte levels indicative of heat stress.
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Introduction
Sheep production in semi-arid regions is heavily influenced by environmental stressors such as high ambient temperatures, low and erratic rainfall, elevated solar radiation, and seasonal fluctuations in forage availability (Boyi et al., 2024; Habibu et al., 2021). These stressors can significantly impact the physiological and haematological status of animals, as haematological indices such as packed cell volume (PCV), haemoglobin concentration (Hb), red blood cell (RBC) and white blood cell (WBC) counts serve as reliable indicators of health, welfare, and adaptive responses to environmental conditions (Flay et al., 2022; Islam et al., 2021). Seasonal variations alone have been shown to affect these indices; for example, lambs in Northern Nigeria exhibited higher leukocyte counts during the wet season compared to the dry season, reflecting immune and stress responses to environmental changes (Iyiola‑Tunji et al., 2024; Mthi, 2020). Similarly, PCV and Hb concentrations were reported to vary significantly across seasons in sheep reared in the semi-arid zone of North-Eastern Nigeria (Boyi et al., 2024).
Housing systems further modulate the microclimatic conditions experienced by sheep, influencing air temperature, humidity, ventilation, and radiant heat exposure, which in turn affect haematological parameters (Pampori et al., 2025; Marinho et al., 2023). Studies have shown that sheep housed in open, semi-open, or closed shelters exhibit measurable differences in blood indices, including neutrophil-to-lymphocyte ratio, RBC, and Hb concentrations, as a result of differential exposure to heat stress and airflow (Aljameel et al., 2021; Aljameel & Abdulkarim, 2021). While many investigations have examined either seasonal or housing effects on haematology independently, few have evaluated their interactive influence, particularly in semi-arid tropical regions where sheep experience compounded stressors of climate and management practices.
Given that haematological indices provide critical insight into animal health, stress levels, and productivity potential, understanding the combined effects of housing system and seasonal variation is vital for the development of effective management strategies (Atte & Opoola, 2022; Kolo et al., 2019). Therefore, this study aimed to evaluate the effect of housing system and season on haematological indices of sheep reared in a semi-arid region, with the objective of identifying management practices that optimize physiological status, welfare, and productivity under challenging environmental conditions.
MATERIALS AND METHODS
[bookmark: _Toc13063350]Experimental Site
The study was conducted at the Teaching and Research Farm of the Department of Animal Science of Usmanu Danfodiyo University, Sokoto, Nigeria. The farm lies at longitude 5o 27” E and latitude 13o 08”N and at altitude of 266m above sea level, the readings were obtained from GNSS viewer software for androids(Mamman et al., 2000)(Mamman et al., 2000). The average annual environmental temperature is 28.3oC (82.9o F). However, the maximum daytime temperature for most of the year are generally under 40oC (104.0oF). The low humidity of Sokoto state makes the heat bearable. Heat is more severe in the state in March and April, but the weather in the state is always cold in the mornings and hot in the afternoons except during the harmattan period (SSMIYSC, 2010)(SSMIYSC, 2010). The rainy season starts from late May to October. Rainfall starts late and ends early with annual rainfall ranging between 500mm to 1,200mm (SSMIYSC, 2010). There are two major seasons in the state namely: wet and dry seasons. The dry season starts from October and last up to April and may extend to May or June. The wet season on the other hand begins in most part of the state in May and last up to September or October (SSMIYSC, 2010)(SSMIYSC, 2010). 
[bookmark: _Toc13063355]Experimental Design
A factorial design (3x5) was used in this experiment where housing types and season combinations representing the factors (treatment combination). Four animals were allotted to each housing types with each animal serving as replicate. The weight of the animals was balanced between treatments. Five housing types were used; full wall with Zinc roofing (FZ), full wall with Thach roofing (FT), Half wall with zinc roofing (HZ), half wall with Thach roofing (HT) and without walls and shade (N). The FZ, FT, HZ, HT and N environments received 4 animals each. 
Three studies, one each in a defined season was carried out to determine the effect of housing on performance and some physiological responses of Uda rams during different seasons. Season 1 (hot season) from March to June; here there is high temperature and low humidity, temperature may reach up to 41°C during the day, there is no rain usually, but we experience little drop during the last month of the period. Season 2 (wet season) from July to October; this season is characterised by low temperature and high humidity, it is the main season for vegetative growth, low temperature of 25°C and humidity may reach up to 85% and season 3 (cold season), from November to February, when the growth of vegetation stops, there is a low temperature (value) and low humidity.
[bookmark: _Toc13063356]Experimental Animals and their Management 
Twenty (20) yearling rams aged by dentition (Dyce et al., 2002) in each season were used in this experiment, the animals were purchased from local markets around Sokoto state. The apparently healthy sheep were quarantined at the Livestock Teaching and Research Farm for 14 days for adaptation to new environment. The animals were diagnosed for possible infection or disease and treated before the commencement of the experiment. The feeding pens were cleaned regularly so also the feeding and water troughs every morning before feeding. The gross composition of the experimental feed is presented in Table 1.
[bookmark: _Toc527172696][bookmark: _Toc7946452][bookmark: _Toc8488707]Table 1: Gross Composition of the Experimental Diet
	Ingredients (%)
	Diet 

	Maize
	17.00

	Wheat offal
	20.2

	Cowpea husk
	7.60

	Cowpea haulms
	17.20

	Rice offal
	12.45

	Cotton seed cake
	42.0

	Salt
	0.5

	Total
	100

	Calculated chemical composition
	

	Energy (Kcal/Kg)
	2514

	Crude protein (%)
	14

	Crude fibre (%)
	22.1



[bookmark: _Toc13063374]Haematological indices determination
The haematological parameters analysed include packed cell volume (PCV), red blood cells (RBC) count, total white blood cells (WBC) count, leucocytes differential count and haemoglobin concentration (Hb) in accordance with the methods outlined by Bush (1991)(Bush, 1991).
Erythrocyte indices which include the mean corpuscular volume (MCV) and mean corpuscular haemoglobin concentration (MCHC) was computed in accordance with the standard formula indicated by Jain (1993) and Schalm et al. (1975)(Jain, 1993; Schalm et al., 1975) as shown below:
MCV (fl) =	PCV			X       10
	            RBC Count In 106/Mm3         1

MCH (pg) =	Hb (G/Dl)		X	10
		RBC (In 106/Mm3)		 1


MCHC	 (g/dl) = Hb (G/Dl)		X	100
		     PCV (%)			 1
Where: MCV= mean corpuscular volume, PCV= parked cell volume, RBC= red blood cell, MCH = mean corpuscular haemoglobin, Hb = haemoglobin, MCHC = mean corpuscular haemoglobin concentration

[bookmark: _Toc13063379]Data Analysis
The data generated were subjected to analysis of variance with season and housing as the independent variables (Steel and Torrie, 1980)(Steel and Torrie, 1980), to determine their effects on other parameters, the interaction of season vs. housing was obtained. Duncan’s multiple range test (DMRT) was used to express the difference between treatment means each. 
[bookmark: _Toc13063381]RESULTS
[bookmark: _Toc13063398]Effect of housing on haematological Profile of Uda at different seasons
In the hot season, the results showed significant difference (P<0.05) haemoglobin, PCV, RBC, MCV, MCHC, WBC, and lymphocytes. The Hb and PCV values were below the normal range for all the treatments except those in HT and HZ. RBC values were below the normal range for animals in HZ, N and FZ. Animals placed under HT has significantly higher (P<0.05) values of Hb, PCV, RBC, MCHC and WBC. There was no significant (P>0.05) difference between animals in HT and HZ in terms of PCV. MCHC and WBC. Animals placed in N and FZ have significantly (P<0.05) lower values in haemoglobin, PCV, RBC and lymphocytes.
In the rainy season, there was significant (P<0.05) variation between the treatments (housing type) in terms of Hb, PCV, WBC, monocytes and eosinophils. The result showed that RBC levels were slightly below the normal range for animals in N, HT and FT while monocytes values were above the normal range for animals in HT and HZ. Animals in HZ had higher Hb, PCV and eosinophil, HT had significantly (P<0.05) lower value of eosinophil compared to the other treatments. The only significant difference (P<0.05) observed in terms of monocytes and eosinophil is between HT and HZ.
In the cold season, observations showed significant variation between the treatments for Hb, MCHC and WBC only. MCV and RBC values are below the normal range in N and HT. Animals placed in N has significantly (P<0.05) lower Hb compared to the other treatments. In terms of MCHC, the difference (P<0.05) was observed between animal placed in FZ and those in N and HT. Animals placed in FT had significantly (P<0.05) higher WBC compared to those in HT, HZ and N.
[bookmark: _Toc7946478][bookmark: _Toc8487321][bookmark: _Toc13064215]Table 2. Effect of housing types on haematological Profile of Uda sheep in the hot season
	
Parameter
	Treatment
     N            HT           HZ           FT             FZ
	
SEM
	Reference values*

	Haemoglobin (g/dL)
	8.30b
	10.50a
	9.00b
	8.27b
	8.20b
	0.54
	9-15

	PCV (%)
	25.67b
	30.91a
	28.67ab
	26.63ab
	25.59b
	1.58
	27-45

	RBC (x106/ul)
	7.67c
	11.00a
	8.30b
	9.50b
	8.30b
	0.49
	9-15

	MCH (pg)
	9.00
	8.69
	8.83
	8.50
	9.07
	0.27
	8-12

	MCV (fl)
	34.68ab
	34.30b
	36.00a
	33.67b
	34.00b
	0.49
	28-40

	MCHC (g/dL)
	34.00a
	34.00a
	34.80a
	32.00b
	31.30b
	0.36
	31-34

	WBC (x 109/L)
	3.27b
	4.17a
	4.17a
	4.50a
	4.00a
	0.18
	4-12

	Monocytes (x 109/L)
	0.70
	0.70
	0.70
	0.86
	0.60
	0.09
	0-0.8

	Eosinophil (x 109/L)
	0.67
	0.30
	0.80
	0.80
	0.40
	0.20
	0-1.0

	Lymphocytes (x 109/L)
	1.30c
	3.00a
	2.07ab
	1.69bc
	1.00c
	0.38
	2-90

	Basophils (x 109/L)
	0.60
	0.17
	0.60
	1.15
	2.40
	0.98
	-


a,b,c means in the same row with different superscripts are significant (P<0.05) different. N= without shade and walls, HT= Half wall with Thatch, HZ= Half wall with Zinc, FT= Full wall with Thatch, FZ= Full wall with Zinc. PCV- Packed cell volume, RBC- Red blood cells, MCV- Mean corpuscular volume, MCH- mean corpuscular haemoglobin, MCHC- mean corpuscular haemoglobin concentration, WBC-white blood cells
*source = (Elmhurst et al., 2002)
[bookmark: _Toc527172724]
[bookmark: _Toc7946479][bookmark: _Toc8487322][bookmark: _Toc13064216]Table 3. Effect of housing types on haematological profile of Uda sheep in the rainy season
	
Parameter
	Housing Type
     N          HT           HZ          FT             FZ
	
SEM
	Reference values*

	Haemoglobin (g/dL)
	9.90b
	10.30b
	11.30a
	9.80bc
	9.17c
	0.21
	9-15

	PCV (%)
	30.30ab
	27.70bc
	33.40a
	27.00c
	25.67c
	1.07
	27-45

	RBC (x106/ul)
	8.67
	8.80
	9.00
	8.30
	9.00
	0.43
	9-15

	MCH (pg)
	8.30
	8.60
	8.30
	9.30
	9.70
	0.51
	8-12

	MCV (fl)
	32.00
	31.40
	29.70
	31.20
	30.00
	0.88
	28-40

	MCHC (g/dL)
	31.60
	33.20
	31.70
	32.30
	33.00
	0.75
	31-34

	WBC (x 109/L)
	4.80bc
	6.30a
	6.00ab
	5.00bc
	4.30c
	0.41
	4-12

	Monocytes (x 109/L)
	0.77ab
	0.93a
	0.50b
	0.77ab
	0.83ab
	0.13
	0-0.8

	Lymphocytes (x 109/L)
	0.53b
	3.30a
	3.00ab
	3.67a
	2.00ab
	0.88
	2-9

	Eosinophil (x 109/L)
	0.70a
	0.00b
	0.70a
	0.40ab
	0.50ab
	0.38
	0-1.0

	Basophils (x 109/L)
	2.80
	2.07
	1.80
	0.16
	0.97
	0.84
	-


a,b,c means in the same row with different superscripts are significant (P<0.05) different. N= without shade and walls, HT= Half wall with Thatch, HZ= Half wall with Zinc, FT= Full wall with Thatch, FZ= Full wall with Zinc. PCV- Packed cell volume, RBC- Red blood cells, MCV- Mean corpuscular volume, MCH- mean corpuscular haemoglobin, MCHC- mean corpuscular haemoglobin concentration, WBC-white blood cells
*source = (Elmhurst et al., 2002)

[bookmark: _Toc7946480][bookmark: _Toc8487323][bookmark: _Toc13064217]Table 4. Effect of housing types on haematological profile of Uda sheep in the cold season
	
Parameter
	Housing Type
     N           HT           HZ            FT           FZ
	
SEM
	Reference values*

	Haemoglobin (g/dL)
	12.00b
	13.00a
	13.30a
	13.00a
	13.00a
	0.30
	9-15

	PCV (%)
	30.00
	28.67
	29.00
	28.40
	28.90
	1.06
	27-45

	RBC (x106/ul)
	8.67
	8.80
	8.33
	8.17
	8.63
	0.27
	9-15

	MCH (pg)
	8.17
	8.83
	8.50
	8.67
	8.83
	0.19
	8-12

	MCV (fl)
	27.67
	27.30
	28.30
	28.00
	29.30
	0.40
	28-40

	MCHC (g/dL)
	31.30b
	31.30b
	32.00ab
	32.30ab
	32.67a
	0.13
	31-34

	WBC (x 109/L)
	7.33c
	8.00bc
	7.67bc
	8.67a
	8.54ab
	0.33
	4-12

	Monocytes (x 109/L)
	0.93
	0.67
	0.76
	0.60
	0.60
	0.22
	0-0.8

	Eosinophil (x 109/L)
	0.23
	0.67
	0.50
	0.67
	0.20
	0.23
	0-1.0

	Lymphocytes (x 109/L)
	4.17b
	5.66a
	5.58a
	4.01b
	5.74a
	0.47
	2-9

	Basophils (x 109/L)
	2.00
	1.00
	0.83
	3.30
	2.00
	0.98
	-


a,b,c means in the same row with different superscripts are significant (P<0.05) different. N= without shade and walls, HT= Half wall with Thatch, HZ= Half wall with Zinc, FT= Full wall with Thatch, FZ= Full wall with Zinc. PCV- Packed cell volume, RBC- Red blood cells, MCV- Mean corpuscular volume, MCH- mean corpuscular haemoglobin, MCHC- mean corpuscular haemoglobin concentration, WBC-white blood cells
*source = (Elmhurst et al., 2002)
[bookmark: _Toc13063399]Main (overall) and interactive effect of season and housing types on haematology of Uda Rams 

The result of interaction and main effect is presented in Table 5 and 6. The result showed significant variation in PCV, RBC, MCH and lymphocytes for housing types while Hb, MCV, MCH and WBC showed significant variation across the seasons.
There was significant (P<0.05) variation in PCV between animals placed in HZ and those in FT and FZ. PCV values are below the normal range in FZ and FT while RBC is also below normal range in all the treatments except HT. Animals placed in HT had significantly (P<0.05) higher RBC. In terms of MCH, the variation (P<0.05) was between animals placed in FZ and those placed in N. Significant (P<0.05) variation was observed between HZ and FZ with regards to lymphocytes.
The result showed that Hb values were below normal range during hot season, while RBC was below normal range in all the seasons, the other parameters are within the normal range. Hb and MCH were significantly (P<0.05) higher in the cold season and lower in the hot season. MCV and MCHC were higher in hot season and lower during cold season. There was no significant (P<0.05) difference between cold season and rainy season, and between rainy season and cold season in terms of MCHC. There was significant interaction between season and housing on basophils and MCH. 
[bookmark: _Toc7946481][bookmark: _Toc8487324][bookmark: _Toc13064218]Table 5.  Haematology of Uda rams as influenced by main (overall) effect of housing type and seasons
	
Parameter
	
Housing Type
     N               HT              HZ             FT                FZ
	
SEM
	Reference values*

	Haemoglobin (g/dL)
	10.06
	11.27
	11.2
	10.37
	10.37
	0.66
	9-15

	PCV (%)
	28.67ab
	29.04ab
	30.35a
	27.34b
	26.67b
	0.92
	27-45

	RBC (x106/ul)
	8.34b
	9.53a
	8.54b
	8.65b
	8.64b
	0.28
	9-15

	MCH (pg)
	8.50b
	8.72ab
	8.56ab
	8.83ab
	9.19a
	0.22
	8-12

	MCV (fl)
	31.44
	31.00
	31.30
	31.00
	31.11
	1.03
	28-40

	MCHC (g/dL)
	32.4
	32.81
	32.78
	32.44
	32.33
	0.44
	31-34

	WBC (x 109/L)
	5.09
	6.17
	5.94
	6.06
	5.61
	0.63
	4-12

	Monocytes (x 109/L)
	0.80
	0.76
	0.65
	0.74
	0.68
	0.07
	0-0.8

	Eosinophil (x 109/L)
	0.53
	0.32
	0.67
	0.64
	0.22
	0.15
	0-1.0

	Lymphocytes (x 109/L)
	1.99ab
	3.79a
	3.55a
	3.12ab
	2.91b
	0.44
	2-9

	Basophils (x 109/L)
	1.80
	1.08
	1.08
	0.55
	1.79
	0.54
	-

	Season

	
	Hot Season
	Rainy season
	Cold Season
	SEM

	Haemoglobin (g/dL)
	8.85c
	10.11b
	12.87a
	0.19

	PCV (%)
	27.27
	28.80
	29.00
	0.76

	RBC (x106/ul)
	8.95
	8.73
	8.50
	0.22

	MCH (pg)
	8.81
	8.87
	8.60
	0.17

	MCV (fl)
	34.53a
	30.87b
	28.13c
	0.35

	MCHC (g/dL)
	33.33a
	32.4ab
	31.93b
	0.31

	WBC (x 109/L)
	4.20c
	5.27b
	8.00a
	0.20

	Monocytes (x 109/L)
	0.72
	0.76
	0.71
	0.05

	Eosinophil (x 109/L)
	0.59
	0.46
	0.45
	0.12

	Lymphocytes (x 109/L)
	3.02b
	2.50b
	5.03a
	0.34

	Basophils (x 109/L)
	1.64
	1.56
	1.83
	0.43


[bookmark: _Toc527172727]a,b,c means in the same row with different superscripts are significant (P<0.05) different. N= without shade and walls, HT= Half wall with Thatch, HZ= Half wall with Zinc, FT= Full wall with Thatch, FZ= Full wall with Zinc. PCV- Packed cell volume, RBC- Red blood cells, MCV- Mean corpuscular volume, MCH- mean corpuscular haemoglobin, MCHC- mean corpuscular haemoglobin concentration, WBC-white blood cells
*source = (Elmhurst et al., 2002)
[bookmark: _Toc7946482][bookmark: _Toc8487325][bookmark: _Toc13064219][bookmark: _GoBack]Table 6. Interactive effect of Housing Type and Season on haematological indices
	Parameters
	Level of Significant 

	Haemoglobin (g/dL)
	**

	PCV (%)
	**

	RBC (x106/ul)
	*

	MCH (pg)
	***

	MCV (fl)
	*

	MCHC (g/dL)
	*

	WBC (x 109/L)
	*

	Monocytes (x 109/L)
	*

	Eosinophil (x 109/L)
	*

	Lymphocytes (x 109/L)
	*

	Basophils (x 109/L)
	***


NS = Not significant, * = P<0.05, ** =P<0.01, *** = P<0.001.
[bookmark: _Toc13063418]DISCUSSION
[bookmark: _Toc13063428]Effect of housing and season on haematological Profile of Uda 

The present study revealed that during the hot season, sheep housed in the natural (N), fully-thatched (FT) and fully-zinc (FZ) systems exhibited haemoglobin (Hb), red blood cell count (RBC), packed cell volume (PCV) and lymphocyte values below normal reference ranges. The depressed Hb, RBC and PCV suggest a reduced oxygen-carrying capacity and a risk of anaemia, which likely reflects the cumulative effect of heat stress on erythropoiesis and circulatory dynamics (Blackshaw & Blackshaw, 1998). Lower Hb may also be attributed to increased water intake associated with thermoregulation, which dilutes blood concentration, or to reduced nutrient intake for haemoglobin synthesis during thermal stress (Abdulkarim & Aljameel, 2021).
White blood cell (WBC) counts were also found to be below the normal reference range in animals in the N housing type during the hot season, suggesting mild immunological stress under these housing conditions. In optimal conditions, elevated WBC values are interpreted as indicators of immune responsiveness and adaptation to environmental challenges.
The finding that blood indices declined during the hot season which contradicts the findings of Tibbo et al. (2004) reported that RBC, PCV and Hb values decreased during the rainy rather than the hot season. Our results differ, showing lowest Hb during the hot season likely because during the rainy and cold season voluntary feed intake tends to increase, improving nutrient availability for haemoglobin synthesis, whereas reduced intake in the hot season impairs this process (Rana et al., 2014). Interestingly, during our study, PCV, mean corpuscular volume (MCV) and mean corpuscular haemoglobin concentration (MCHC) were higher in the hot season an adaptive physiological response possibly oriented towards maintaining plasma volume and enhancing evaporative cooling under high heat load (Al-Haidary, 2000).
Recent studies support these findings. For instance, Atte and Opoola (2022) demonstrated significant reductions in Hb, RBC and PCV in sheep exposed to prolonged high ambient temperatures. Heat stress in semi-arid Nigerian sheep resulted in lower haematological indices compared to cooler periods, while providing adequate shade and ventilation mitigated these effects. These results confirm that housing system and season interact to influence microclimate, thermal load, and consequently the physiological and haematological status of sheep. Poorly ventilated or inadequately shaded housing systems, as observed in N, FT, and FZ, exacerbated heat stress and altered blood parameters, highlighting the importance of effective housing management in semi-arid regions.

Conclusion
Housing system and seasonal variation significantly influenced haematological indices in sheep, with poorly ventilated or inadequately shaded structures during the hot season causing reductions in Hb, RBC, PCV, and lymphocyte levels indicative of heat stress. Optimizing housing design and providing effective shade and ventilation can mitigate thermal stress, maintain physiological homeostasis, and support sheep health and productivity in semi-arid regions.
Disclaimer (Artificial intelligence)
Author(s) hereby declares that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
References
1. Abdulkarim, A., & Aljameel, K. M. (2021). Assessing the haematology and serum chemistry of Uda rams fed different Kanwa based mineral licks. Journal of Animal Science and Veterinary Medicine. https://doi.org/10.31248/JASVM2021.299 
2. Al-Haidary, A. (2000). Effect of heat stress on some thermoregulatory responses of cattle, sheep and goat. Zagazig Veterinary Journal, 28, 101-110. 
3. Aljameel, K. M., Maigandi, S. A., Ibrahim, M., Mikailu, M. M., Sanusi, A. Z., Abubakar, F., & Pillah, V. T. (2022). Effects of ensiled sorghum husk and maize cobs with poultry litter on haematology and serum biochemistry of Uda rams. Nigerian Journal of Animal Production, NSAP 2022 Proceedings https://doi.org/10.51791/njap.vi.4666 
4. Atte, P. O., & Opoola, E. (2022). Seasonal Variation in Haematological and Oxidative Status of West African Dwarf Sheep. Nigerian Journal of Animal Science and Technology (NJAST), 5(3), 80-85. https://njast.com.ng/index.php/home/article/view/216
5. Boyi, B., Maidala, A., Makinde, O. J., Badmus, K. A., & Dunya, A. (2024). Haematological parameters of sheep in the semi-arid zone of North Eastern Nigeria. Journal of Animal Science and Veterinary Medicine, 9(1), 30-36. https://doi.org/10.31248/JASVM2024.427
6. Blackshaw, J. K., & Blackshaw, A. W. (1994). Heat stress in cattle and the effect of shade on production and behaviour: A review. Australian Journal of Experimental Agriculture, 34(2), 285-295. https://doi.org/10.1071/EA9940285 
7. Flay, K. J., Hill, F. I., & Muguiro, D. H. (2022). A Review: Haemonchus contortus Infection in Pasture-Based Sheep Production Systems, with a Focus on the Pathogenesis of Anaemia and Changes in Haematological Parameters. Animals, 12(10), 1238. https://doi.org/10.3390/ani12101238 
8. Habibu, B., Abdullahi, I., Hussaini, M., & Buhari, H. U. (2021). Thermoregulatory response of Yankasa sheep with distinct thick-coarse and shortslick hair types during hot-dry season in tropical Savannah. Nigerian Journal of Animal Production. https://doi.org/10.51791/njap.v48i2.2933 
9. Islam, M. A., Lee, S., Rahman, M. M., & Kim, S. (2021). Automated monitoring of cattle heat stress and its mitigation. Frontiers in Animal Science, 2, 688533. https://doi.org/10.3389/fanim.2021.688533 
10. Iyiola-Tunji, A. O., Akpa, G. N., Nwagu, B. I., Adeyinka, L. A., Ojo, O. A., & Buba, W. (2024). Effect of season on haematological parameters of lambs. Nigerian Journal of Animal Production, 39–41. https://doi.org/10.51791/njap.vi.6805
11. Kolo, U. M., Abbator, F. I., Ashiekh, L. G., Mohammed, G., Girgir, A. Y., Saidu, A. M., & Garba, U. I. (2019). Haematogical indices and serum biochemistry of sheep fed a concentrate diet supplemented with graded levels of exogenous enzyme in the semi-arid region of Nigeria. Global Journal of Science Frontier Research: D (Agriculture and Veterinary), 19(3).
12. Marinho, G. T. B., Pandorfi, H., da Silva, M. V., Montenegro, A. A. d. A., de Sousa, L. d. B., Desenzi, R., da Silva, J. L. B., de Oliveira-Júnior, J. F., Mesquita, M., de Almeida, G. L. P., Guiselini, C., da Rosa Ferraz Jardim, A. M., & Silva, T. G. F. d. (2023). Bioclimatic Zoning for Sheep Farming through Geostatistical Modeling in the State of Pernambuco, Brazil. Animals, 13(6), 1124. https://doi.org/10.3390/ani13061124 
13. Mthi, S., Rust, J. M., Mpendulo, C. T., Muchenje, V., Goosen, W. J., & Mbathsa, Z. (2020). Basic factors influencing lamb mortality under low input production systems in the Eastern Cape Province, South Africa. Applied Animal Husbandry & Rural Development, 13, 60–68. https://www.sasas.co.za/wp-content/uploads/2020/09/Mthi-S_2020-Vol-13-2.pdf
14. Pampori, Z. A., Aarif, O., Aasif, S., Hasin, D., & Shah, F. (2025). Housing effect on growth, physiological and blood indices in crossbred sheep during winter. Indian Journal of Animal Research, 59(7), 1224-1229. https://doi.org/10.18805/IJAR.B-4827 
15. Rana, M. S., Hashem, M. A., Sakib, M. N., & Kumar, A. (2014). Effect of heat stress on blood parameters in indigenous sheep. Journal of Bangladesh Agricultural University, 12(1), 91–94. https://doi.org/10.3329/jbau.v12i1.21253 
16. Tibbo, M., Jibril, Y., Woldemeskel, M. W., Dawo, F., Aragaw, K., & Rege, J. E. O. (2004). Factors Affecting Hematological Profiles in Three Ethiopian Indigenous Goat Breeds. International Journal of Applied Research in Veterinary Medicine, 2(4), 297–309. https://api.semanticscholar.org/CorpusID:40928690 .


6


