


[bookmark: _Toc13063349]EFFECT OF HOUSING AND SEASON ON ADAPTABILITY COEFFICIENT OF UDA RAMS IN SEMI-ARID REGION, NIGERIA
ABSTRACT
A study was conducted at the Usmanu Danfodiyo University, Sokoto, Livestock Teaching and Research Farm to evaluate the effects of housing type and season on the performance and some physiological parameters of Uda rams. A total of sixty (60) yearling Uda rams were used in the study with twenty (20) rams in each season. A factorial completely randomized design (3x5) was used in this experiment with animals (4) representing replicates while housing types (5) and season (3) representing the factors (treatments). Four animals were allotted to each housing type with each animal serving as a replicate, the housing types were half wall with zinc roofing (HZ), half wall with thatch roofing (HT), full wall with zinc roofing (FZ), full wall with thatch roofing (FT) and finally natural without wall and roofing (N). Data were collected each season. At the beginning and end of each season, the Adaptability coefficient of the Rams was determined. The data generated were analyzed. In the hot season, at the beginning of the hot season, animals placed in N have higher adaptability while those in FZ have the lowest. At the end of the rainy season, animals placed in FZ had lower adaptability compared to the other treatments based on the Rhode test. In the cold season, there was no significant difference (P<0.05) between the treatments both at the beginning and end of the season based on the Benezeras test. The highest adaptability was found for animals placed in N while the lowest was in HT based on all the tests. RY test showed that animals placed in N had a higher (P<0.05) adaptability coefficient compared to those placed in HT, FT and FZ.
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INTRODUCTION
Sheep is an important livestock species in arid and semi-arid tropical climates especially in Nigeria. Tropical regions characterized by high levels of solar radiation and temperature are known to negatively affect animal production (McManus et al., 2009). A range of social and physiological changes has been used to identify and quantify stress. These changes may differ qualitatively or quantitatively depending on the stressor so a range of indices should be used in order to assess the extent of the stress. Measures of rectal temperature (RT), pulse rate (PR), and respiratory rate (RR) are some of the most important determinants of the change of livestock animals to the tropical environment. The animal and its environment make up an integrated system, where each act on the other (Ben-Salem and Smith, 2008). Physiological change to heat stress is composed of two components: heat load which rises from metabolism, heat exchange, radiation, and convection with the environment; and heat dissipation which is the release of the heat load through sweat evaporation. Environmental factors have a deep effect on small ruminant survival under extensive management (Everett-Hincks et al., 2014). The shelter may manipulate the microenvironment, which can affect small ruminant survival. Thus, the establishment of suitable housing is one of the key factors for the effective raising of small ruminants. Small ruminant growth depends mainly on nutrition and management, which includes the housing system (Bach, 2012).
One of the challenges facing ruminant livestock farmers in Northern Nigeria is harsh environmental conditions, especially during the dry hot season (March-June). Housing and management practices can be a source of stress for sheep and other domestic animals (Lynch et al., 1992; Vandenheede and Bouissou, 1993). The high environmental temperature and lack of feed may limit the growth performance and sexual activity of animals (El-Sayed, 2003). 
Therefore, there is a need to evaluate the adaptability coefficient status of sheep under different housing conditions and seasons. 
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 is 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 lasts 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). 
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A factorial design (3x5) was used in this experiment with a number of animals representing replicates while housing types and seasons representing the factors (treatment combination). Four animals were allotted to each housing type with each animal serving as a 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. 
[bookmark: _Toc13063356]Three studies, one each in a defined season were carried out to determine the effect of housing on performance and some physiological responses of Uda rams during different seasons. Season 1 (hot season) is from March to June; here there is high temperature and low humidity, the temperature may reach up to 41°C during the day, and there is no rain usually, but we experience little drop during the last month of the period. Season 2 (wet season) is from July to October; this season is characterized 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.
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 a 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 3.1.
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	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: _Toc13063367]Determination of coefficient of adaptability of the animals 
Rectal temperature (RT), respiratory rate (RR) and heart rate (HR) were measured on two occasions: at 8h and 15h with 4 repetitions during the adaptation period of the animals to their new environment and also at the end of the experiment to determine the effect of housing on the adaptability coefficient of Uda rams. Between the two daily collections, the animals were kept in open sunlight. RT was measured using a digital clinical thermometer inserted near the rectal wall of animal, at a depth of approximately 3.5 cm. RR and HR were measured using a stethoscope.
The data collected were used to calculate the adaptability coefficient of the animals using the following formulae:
Rauschenbach−Yerokhin [10]: ITC = 1.0 AT − 20 d + 60 ………………………… (2)

Where: AT = air temperature and d = difference between 8h and 15h rectal temperatures and a value closer to 100 indicates a better adapted animal;

Ibéria or Rhoad test: CTC = 100 − [18 (RT − 39.1)] ………………………………. (2)

Where CTC = heat tolerance coefficient; 100 = maximum efficiency in maintaining body temperature below 39.1 °C; 18 = constant; RT = mean final rectal temperature; 39.1 °C = normal mean rectal temperature for sheep. Value closer to 100 indicates a better adapted animal;

Benezra test: CA = RT/39.1 + RR/27……………………………………………….. (3)

Where: CA = adaptability coefficient; RT = rectal temperature in °C; RR = respiratory rate per minute; 39.1 °C = normal mean rectal temperature for sheep; 27 = normal mean respiratory rate for sheep. Value closer to 10 indicates a better adapted animal;
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Statistical 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: _Toc13063396]Adaptability coefficient of Uda rams as it is affected by Seasons and housing types
Adaptability coefficients of the animals was presented on Tables 2 to 4. In the hot season, in the beginning of hot season animals placed in N have higher adaptability while those in FZ have the lowest. There is no difference (P>0.05) between the treatments based on benezeras teaste. At the end of hot season animal placed in HZ and HT had significantly (P<0.05) lower adaptability. The results showed no variation between animals in N, FT and FZ based on Rhode and Benezeras test, likewise between FT and HZ based on Benezeras test.
At the beginning of the rainy season, significant (P<0.05) variation was observed between the treatments only with Rhode test. The only difference observed was between animals in N and those in HT and FT (P<0.05). At the end of the rainy season, animals placed in FZ had lower adaptability compared to the other treatments based on Rhode test. In terms of Benezeras, the difference was between animals placed in FZ and those placed in N and HT. RY test showed lower adaptability in FT and FZ compared to the other housing types. 
In the cold season, there was no significant difference (P<0.05) between the treatments both at the beginning and end of the season based on Benezeras test. Animals placed in HZ, FT, and FZ has higher values (P<0.05) compared to those placed in N and HT based on RY test. At the beginning and at the end of the season, Rhode test showed animals placed in N to had higher adaptability than those placed in HT and HZ.
[bookmark: _Toc7946474][bookmark: _Toc8487317][bookmark: _Toc13064211]Table 2. Effect of the housing types on adaptability coefficient in the hot season
	
Parameter
	                          Treatments
       N             HT                 HZ              FT             FZ
	
SEM

	Beginning of the season 

	RY
	89.10a
	87.60ab
	85.77bc
	85.30c
	80.93d
	0.71

	Iberia/Rhode
	91.20b
	98.20a
	90.10b
	90.40b
	98.20a
	1.06

	Benezera
	2.13
	2.20
	2.14
	2.23
	2.14
	0.07

	End of the season

	RY
	88.96a
	67.30e
	69.40d
	70.50c
	72.50b
	0.45

	Iberia/Rhode
	83.80a
	80.20b
	80.30b
	84.50a
	85.00a
	0.96

	Benezera
	2.32c
	2.67a
	2.52ab
	2.45bc
	2.32c
	0.06


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. RY= Rauschenbach-Yerokhin
[bookmark: _Toc7946475][bookmark: _Toc8487318][bookmark: _Toc13064212]Table 3. Effect of the housing types on adaptability coefficient in the rainy season
	
Parameter
	                          Treatments
     N               HT               HZ              FT             FZ
	
SEM

	Beginning of the season 

	RY
	90.10
	90.10
	89.80
	89.40
	90.20
	0.90

	Iberia/Rhode
	84.50a
	77.80b
	81.40ab
	77.80b
	80.30ab
	1.30

	Benezera
	2.20
	2.21
	2.10
	2.13
	2.11
	0.07

	End of the season

	RY
	89.30a
	87.20a
	87.70a
	80.30b
	81.40b
	1.10

	Iberia/Rhode
	86.10a
	83.50b
	79.40c
	79.00c
	65.80d
	0.70

	Benezera
	2.10b
	2.30b
	2.46ab
	2.60ab
	2.67a
	0.12


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. RY= Rauschenbach-Yerokhin
[bookmark: _Toc7946476][bookmark: _Toc8487319][bookmark: _Toc13064213]Table 4. Effect of the housing types on adaptability coefficient in the cold season
	
Parameter
	                          Treatments
    N               HT                HZ              FT             FZ
	
SEM

	Beginning of the season 

	RY
	85.40b
	84.50b
	90.00a
	89.00a
	90.00a
	0.91

	Iberia/Rhode
	94.30a
	90.10bc
	89.00c
	94.70a
	92.60a
	0.86

	Benezera
	2.11
	2.10
	2.11
	2.14
	2.10
	0.04

	End of the season

	RY
	85.60b
	85.30b
	89.30a
	90.10a
	90.00a
	0.86

	Iberia/Rhode
	97.50a
	91.20c
	90.30c
	93.20b
	94.30b
	1.00

	Benezera
	1.93
	1.93
	1.91
	2.01
	1.95
	0.05


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. RY= Rauschenbach-Yerokhin
[bookmark: _Toc13063397]Interaction and main (overall) effect of season, and housing type as it affect adaptability coefficient of Uda rams
The main (overall) and interaction effect of season and housing type is presented in Table 5. There was significant variation (P<0.05) between the treatments in all the test. Highest adaptability was found for animals placed in N while the lowest in HT based on all the test. RY test showed that animals placed in N had higher (P<0.05) adaptability coefficient compared to those placed in HT, FT and FZ. Benezeras test showed that animals placed in N had higher (p<0.05) adaptability coefficient than those in HT.	Comment by sony: Check and write correct spelling
The animal’s showed lower adaptability coefficient compared to rainy and cold season based on RY test.  Higher adaptability was observed in cold season. There was no difference (P>0.05) between hot and rainy season base on Benezeras and Rhode test.
The result also showed that no significant difference (P>0.05) between the adaptability of the animals at the beginning and at the end of the seasons based on Benezeras test. Higher adaptability was found at the beginning of the season based on RY and Rhode test. 
[bookmark: _Toc7946477][bookmark: _Toc8487320][bookmark: _Toc13064214]Table 5. Interaction and main effect of season, and housing type as it affect the adaptability coefficient of Uda rams
	
Parameter
	
Housing Type
	
   SEM

	
	N
	HT
	HZ
	FT
	FZ
	

	RY
	88.08a
	83.67b
	85.33ab
	84.1b
	84.17b
	0.94

	Iberia/Rhode
	89.57a
	86.83b
	85.08b
	86.6b
	86.03b
	0.89

	Benezera
	2.13b
	2.35a
	2.21ab
	2.26ab
	2.22ab
	0.07

	 
	Season
	
SEM

	
	Hot season
	Wet season
	Cold season
	

	RY
	79.74b
	87.53a
	87.92a
	0.82

	Iberia/Rhode
	86.99b
	87.5b
	92.72a
	0.98

	Benezera
	2.13b
	2.29a
	2.03b
	0.06

	
	Time of the season

	
	Beginning
	End
	SEM

	RY
	87.81a
	82.32b
	0.93

	Iberia/Rhode
	88.71a
	85.47b
	0.91

	Benezera
	2.14
	2.28
	0.06

	
	Interactive effect

	
	Season/Housing
	Season/Housing/TOS

	RY
	NS
	NS

	Iberia/Rhode
	NS
	NS

	Benezera
	*
	*


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. RY= Rauschenbach-Yerokhin, TOS = time of the season, NS = Not significant, * = P<0.05.
[bookmark: _Toc13063418]DISCUSSION
[bookmark: _Toc13063427]Adaptability coefficient of Uda rams as it is affected by housing types and seasons
The findings showed that during hot and dry seasons there is mild changes between animals that are housed compared to those that are not. Animals that are not housed are adapted to the environment better, those housed acclimatised to the housing types. There are no such changes during the cold season, In the Rauschenbach–Yerokhin test, the sheep that are housed failed to reach 80% efficiency in maintaining homeothermy. The findings showed that there is no difference between the treatments in terms of Iberia and Rauschenbach–Yerokhin tests, which used rectal temperature (RT) in there model. But Benezra test which used respiration rate (RR) showed significant difference between the treatments. In the overall, the study showed that animal placed in N are much tolerant than those housed based on Iberia and Rauschenbach–Yerokhin tests. Benezeras test showed animals in HT being less tolerant. This may be as a result of acclimatisation, the housed rams are adapted to their micro-climate during the experimental period. Those that are not housed are also adapted to theirs. Even though are under elevated temperature levels compared to those being housed. Thus animals that are housed especially those in placed HT and HZ find it difficult to cope with the elevated temperature. This leads to rapid increase in respiration rate and rise in rectal temperature. This implies changes in the physiology of the animals due to heat stress as a result of change to their normal inhabitant during the experimental period. This was also seen in at the end of hot season and rainy season.	Comment by sony: Results should be compared with any previous experiment in the same or related field
CONCLUSION
The study conclude that housing conditions significantly affect the adaptability of Uda rams in the study area and Benezera’s best depicts the adaptably of Uda rams. 
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