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Original Research Article
Comparative Growth Performance of Nellore Brown Lambs Under Conventional and Elevated Housing System During the Summer Season 

 
ABSTRACT
Housing system plays a crucial role in regulating the microclimate of animal shelters and directly influences growth performance and welfare of sheep, particularly during periods of thermal stress. The present study was undertaken to evaluate the effect of conventional and elevated housing systems on growth performance, feed efficiency, morphometric traits, and thermal comfort of Nellore Brown lambs during the summer season under intensive management. Twenty Nellore Brown lambs aged 3–4 months with an average initial body weight of 9.53 ± 0.56 kg were randomly allotted to two groups in a completely randomized design. Ten lambs were housed in a conventional housing system with moorum floor, while the remaining ten lambs were maintained in an elevated housing system with wooden slatted flooring for a period of 90 days. Temperature-humidity index (THI), dry matter intake (DMI), average daily gain (ADG), feed conversion ratio (FCR), body weight, morphometric measurements, and body condition score (BCS) were recorded at regular intervals. The results revealed that evening THI was significantly (P < 0.05) higher in the conventional housing system compared to the elevated housing system, indicating greater thermal stress. Lambs housed under the elevated system showed significantly (P < 0.01) higher DMI, body weight, and ADG, along with a lower FCR, reflecting improved feed utilization. Morphometric parameters such as body length, chest girth, height at withers, and abdominal girth were significantly higher in the elevated housing system, whereas thigh circumference and BCS did not differ significantly between housing systems. It can be concluded that elevated housing with slatted flooring effectively reduces heat stress and enhances growth performance and feed efficiency of Nellore Brown lambs during summer, making it a more suitable housing option under intensive rearing conditions.
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1. INTRODUCTION 
Sheep are given special consideration among all other livestock species due to their numerous uses such as meat, wool and milk. (Prabhu et al. 2009). Sheep rearing is a major part of animal production particularly in arid and semi-arid areas. Sheep are raised primarily for their meat and wool. Suitable housing for sheep is more desirable particularly during the peak summer as it protects animals from challenging environments. Housing is an important production component and plays a key role in lamb management. Accommodation must allow the maintenance of hygienic environmental conditions and ensure livestock welfare, while facilitating the work of operators and animal handling. An ideal housing enables in moderating the range of microclimate to which the animals are exposed and the degree of comfort depends upon the type of housing and floor. The importance of shelter for profitable sheep rearing plays an inevitable role in large scale commercial sheep enterprise especially on intensive rearing system. The modern sheep shelters address the two foremost components of shelters, i.e., floor and roof that affect sheep comfort and productivity. Type of the floor is a significant issue in animal welfare (Stefanowska et al. 2002).  A balance must exist between animal comfort and well-being, cleanliness, and feed digestibility and efficiency.
Various factors in optimizing the well-being of sheep include providing free access to external areas (Casamassima et al. 2001), protection from thermal extremes (Sevi et al., 2001), sufficient space allocation, careful control of indoor climate and hygiene, and the implementation of proper ventilation and light regimes (Budisatria et al. 2007). The thermal environment in animal houses has a direct impact on the efficiency of animal production as well as the health and welfare of animals kept their in. Poor building designs and improper microclimates can lead to thermal stress and welfare issues. Elevated ambient temperatures posed a substantial constraint on animal production in tropical and subtropical regions and becoming more pronounced when heat stress was coupled with high ambient humidity. Means of estimating the severity of the heat stress were proposed using both ambient temperature and relative humidity, referred to as the temperature-humidity index (Marai et al. 1997)
The productivity of animals is primarily the product of interaction of its genetic makeup and the environment in which it develops. Elevated ambient temperature, coupled with humidity and solar radiation, constitutes climatic stress that influences physiological responses, thereby diminishing animal performance in areas such as growth, production, and reproduction. In hot environments, the housing of sheep must be adjusted to mitigate the impact of environmental temperature and humidity. It is essential to provide shelter for sheep during the day to minimize the effects of heat. Therefore, the present study was designed to identify a suitable housing system for economic rearing of lambs under intensive management and evaluate impact of two different housing systems on growth performance during summer season. Therefore, the present study was designed to identify a suitable housing system for economic rearing of lambs under intensive management to evaluate the impact of two different housing systems on THI and growth performance during summer.

2. material and methods 
2.1 Experimental site and thermal environment data
 This study was carried out at sheep unit, Livestock Farm Complex (LFC), NTR College of Veterinary Science, Gannavaram, Krishna district. Gannavaram town is situated at an elevation of 12 meters above sea level on 810 longitude and 16.50 latitude. The experiment was conducted during hot summer season with an average low temperature of 31.35°C (88.43°F) and high temperature of 37.26°C (99.06°F). The average humidity is 55% during the period of study.
2.2 Selection of animals
For the present study, twenty Nellore Brown lambs of either sex with average body weight of 9.535±0.015 kg and aged 3-4 months were selected from sheep unit of Livestock Farm Complex. These lambs were randomly divided into two groups of each ten animals on the basis of body weight in a completely randomised design. The study was carried out for a period of 90 days. All the lambs were kept for 15 days of pre-experimental period prior to start of the experiment for acclimatization of lambs to their respective housing. 
2.3 Housing and management
All the experimental lambs are maintained under similar managemental conditions except housing system. 
Group 1:  The lambs were kept under conventional housing system with moorum floor in covered and open area served as control group. The average initial body weight (mean±SE) of 10 animals (5 ewe lambs, 5 ram lambs) was 9.52±0.63 Kg
Group 2: The treatment group lambs were kept on elevated housing system with slatted wooden floor with a gap of 1.6 cm between slats raised at a height of 5ft above ground level to facilitate easy cleaning and collection of dung and urine. The average initial body weight (mean±SE) of 10 animals (5 ewe lambs, 5 ram lambs) was 9.55±0.52 Kg
 All the lambs were dewormed with Albendazole @ 10 mg /kg body weight before start of the experiment and once in the middle of the trial. All the lambs were kept under hygienic conditions throughout the experimental period.
2.4 Feeding and watering
All the experimental lambs were fed as per their nutrient requirements (ICAR 2013). All the lambs were fed with concentrate mixture once in a day according to their body weights and adlibtum green fodder twice in a day, i.e., 9.00 AM and 3.00 PM. The leftover concentrate and green fodder, if any, was recorded on the next day morning at 24 hourly intervals throughout the experiment to calculate total feed consumed per day. Clean and fresh drinking water was made available to each lamb throughout the experimental period.
2.5 Measuring environmental variables
The macroclimatic data for dry and wet bulb temperatures and relative humidity was obtained from the Meteorological office of Vijayawada International Airport located at about 0.5 km from the Livestock Farm complex. In addition, micro climatic data of the experimental animal sheds was recorded during the summer season.
2.5.1 Temperature
Ambient in- house temperature (IT) (℃) was recorded twice a day i.e., at 8.30 A.M and 2.30 P.M by using electronic digital hygrometer (HTC-1) 
2.5.2 Relative humidity
In house relative humidity (IRH) (%) was recorded twice a day i.e., at 8.30 A.M and 2.30 P.M by using electronic digital hygrometer (HTC- 1)
2.6 Temperature Humidity Index (THI)
To estimate the heat stress of the lambs, Temperature-Humidity Index was calculated as per livestock and poultry heat stress indices. 
                                       THI = db°F− {(0.55−0.55 RH) (db°F−58)}                  
                                                          Were
                                                                       T(db): Dry bulb temperature (°F)
                                                                        RH: Relative humidity (RH %)/100. 
THI was calculated twice per day morning and evening and the average value of the two readings was taken as THI of the day.

2.7 Body weight
	Body weight of lambs was recorded at fortnightly intervals using digital electronic balance early in the morning before feeding. 
2.8 Dry matter estimation 
The DM content of green fodder was determined by drying a weighed amount of the sample overnight at 80 ± 2oC in hot air oven. The loss in moisture after drying was estimated and dry matter was calculated. The difference between fresh and dry weight of sample was be used for calculation of DM by the following formula  
      Dry matter (%) =   X 100                 
The dry matter intake (DMI) of lambs (kg) was calculated fortnightly as well as for the total experimental period.
2.9 Average daily gain (ADG)
The average daily gain was calculated by using the following formula 
                              ADG =      
 ADG was calculated fortnightly as well as for the total experimental period.
2.10 Feed conversion ratio
The feed conversion ratio was calculated by dividing the total DM intake (kg) with the body weight gain (kg) of the experimental animals. The FCR was calculated fortnightly as well as for the total experimental period.
Statistical analysis: The data was subjected to independent two sample T-test using SPSS IBM, version 22.0, SPSS Chicago (US).
2.11 Morphometric measurements
The morphometric measurements of Nellore Brown lambs were recorded at fortnightly intervals throughout the experimental period. All measurements were taken in the early morning before feeding to avoid variations due to gut fill, using a flexible measuring tape and recorded in centimeters. Body length was measured as the horizontal distance from the point of shoulder to the point of tuber ischii on the same side of the animal. Height at withers was measured as the vertical distance from the base of the hoof to the highest point of the withers. Chest girth was recorded as the circumference of the body around the chest, immediately behind the point of elbow. Abdominal girth was measured as the circumference around the abdomen at its widest point. Thigh circumference was recorded by placing the measuring tape around the thigh region. These morphometric measurements were used to assess the growth pattern and body development of lambs under different housing systems.
2.12 BODY CONDITION SCORE (BCS)
Body condition score was assessed by following the scoring system developed by Russel, 1969 which is a six-point scale (0-5) with intermediate 0.5 units. the scores were recorded and an average BCS was assigned to the lamb. The description of scores is given in the Table 1. The BCS was recorded at monthly interval during the study period in the experimental lambs.

Table 1: Description of body condition scoring of sheep
	S. No
	Description
	Body Condition Score (BCS)

	1.
	Extremely emaciated
	0

	2.
	The spinous and transverse processes are prominent and sharp. The fingers can be pushed easily below the transverse bone and each process can be felt. The loin is thin with no fat cover.
	1

	3.
	The spinous processes are prominent but smooth and rounded, individual processes being felt only as corrugations. The transverse processes are smooth and rounded, but it is still possible to press fingers underneath. The loin muscle is a moderate depth but with little fat cover.
	2

	4.
	The spinous processes are smooth and rounded; the bone is only felt with pressure. The transverse processes are also smooth and well-covered, hard pressure is required with the fingers to find the ends. The loin muscle is full and with moderate fat cover.
	3

	5.
	The spinous processes are only detectable as a line. The ends of the transverse processes cannot be felt. The loin muscles are full and rounded and have a thick covering of fat.
	4

	6.
	The spinous and transverse processes cannot be detected even with pressure; there is a depression in the fat layers where the processes should be. The loin muscles are very full and covered with very thick fat.
	5




3. results and discussion
3.1 THI
There was non-significant difference observed in the morning and daily average THI whereas, the evening THI was significantly (p<0.05) higher in conventional housing system (86.67±0.32) as compared to elevated housing system (85.73±0.31) Table 2. The higher THI recorded in evenings than that of mornings indicating stress to the animals in the evening. Lambs were under moderate heat stress during morning as THI was 83.17±0.21 in conventional and 83.07±0.18 in elevated housing system. In the afternoon lambs under conventional housing system were under extreme heat stress as THI was 86.67±0.32 while in elevated housing system lambs were under severe stress as THI was 85.73±0.31. THI was less in elevated housing system when compared to conventional housing system in morning and afternoon. The present results were in consonance with the findings of Rahman et al. (2013) and Singh et al. (2017) who reported less THI in elevated housing system.
The increased THI in conventional housing system in the afternoon might be due to higher thermal conductivity of moorum floor which in turn absorbs more radiant heat. However, in elevated housing system there was no direct contact with the floor and hence reducing the absorption of radiant heat from the ground.

Table 2: The overall morning, evening and daily average THI values under conventional and elevated housing system
	Parameter
	Housing system

	
	CHS
	EHS

	Morning THI
	83.17±0.21
	83.07±0.18

	Evening THI*
	86.67±0.32a
	85.73±0.31b

	Daily average THI
	84.92±0.23
	84.40±0.21


Means with different superscript within a row differs significantly *(P<0.05)
CHS- Conventional housing system, EHS- Elevated housing system

3.2 Body weight
[bookmark: _Hlk150503627][bookmark: _Hlk151630726][bookmark: _Hlk151630693]The overall mean body weight (Kg) was 12.50±0.21 and 13.79±0.24 in conventional and elevated housing systems respectively (Table 3). Significantly (P<0.01) higher body weights were recorded in elevated housing system. These findings are in accordance with Bhakat and Nagpaul (2011) in kids who reported higher body weights in slatted floor which might be due to better hygienic conditions, better microenvironment and minimum environmental stress. However, in contrast to above findings, Chikwanda and Muchenje (2017) reported non-significant difference in body weight of sheep and goats reared under different housing systems.

Table 3: Average body weight (Kg) of Nellore brown lambs under conventional and elevated housing system
	WEEKLY
	HOUSING SYSTEMS

	
	CONVENTIONAL HOUSING SYTEM
	ELEVATED HOUSING SYTEM

	INITIAL
	9.52±0.63
	9.55±0.52

	1
	10.02±0.63
	10.16±0.49

	2
	10.50±0.61
	10.74±0.49

	3
	10.98±0.6
	11.45±0.45

	4
	11.43±0.57
	12.14±0.43

	5
	11.90±0.54
	12.84±0.43

	6
	12.38±0.52
	13.59±0.38

	7*
	12.79±0.52b
	14.34±0.32a

	8**
	13.20±0.53b
	14.97±0.26a

	9**
	13.61±0.53b
	15.57±0.23a    

	10**
	14.03±0.51b
	16.15±0.18a

	11**
	14.45±0.51b
	16.69±0.16a

	12**
	14.88±0.49b
	17.21±0.12a

	13**
	15.31±0.49b
	17.71±0.09a


Means with different superscripts within a row differ significantly* (P<0.05), ** (P<0.01)

3.3 Dry matter intake
Dry matter intake (Kg/day) of Nellore brown lambs under conventional and elevated housing systems at weekly intervals was presented in Table 4. The mean DMI (Kg) was 0.4±0.03 and 0.42±0.01 in first week which was increased to 0.59±0.02 and 0.61±0.01 by thirteenth week in conventional and elevated housing systems, respectively. There was significant (P<0.05) difference in third, fifth, sixth, seventh and eighth ninth and tenth weeks between two housing systems whereas DMI was more in elevated housing system. The overall average dry matter intake differed significantly (P<0.01) in Nellore brown lambs and was higher in elevated (0.59±0.01) than that of conventional (0.54±0.01) housing system. The present observations were similar to those findings of Bhakat and Nagpaul (2011), Rahman et al. (2013) who reported higher DMI in elevated housing system. The feed intake was lower in conventional housing system resulting in lower dry matter intake throughout the study period. This might be due to variations in THI values causing heat stress conditions leading to reduced dietary intake by the lambs.

3.4 Average daily gain
Average daily gain (g/day) of Nellore brown lambs under conventional and elevated housing systems at weekly intervals was presented in Table 4. The mean first week average daily gain (g) was 70.86±6.13 and 86.21±12.65 while at the end of experiment 61.42±3.89 and 71.86±6.73 was recorded in conventional and elevated housing systems, respectively. The overall mean for ADG of lambs was significantly higher (P<0.01) in elevated housing system (89.18±2.59) than that of conventional housing system (63.66±2.35). The results were in consonance with Ramachandran et al. (2020) who reported higher ADG in kids under slatted floor.

3.5 Feed conversion ratio
[bookmark: _Hlk152532897]Feed conversion ratio of Nellore brown lambs under conventional and elevated housing systems at weekly intervals was presented in Table 4. The mean first week feed conversion ratio was 5.77±0.39 and 4.87±0.11 whereas at end of the experiment 9.58±0.39 and 8.55±0.15 recorded in conventional and elevated housing systems, respectively. There was increase in mean feed conversion ratio in two groups throughout the experiment. The overall mean FCR was highly significantly (P<0.01) differed between two housing systems and lower FCR was recorded in elevated housing system (6.83±0.15) than that of conventional housing system (8.76±0.16). This could be due to the fact that the lambs experienced more dissipating of heat with enhanced ventilation in elevated housing system and hence higher feed utilization of lambs in elevated housing system. The results agreed with findings of Bharambe and Shinde (2014), Rahman et al. (2013) who reported lower feed conversion ratio in elevated housing system. 

Table 4: Dry matter intake (DMI), average daily gain (ADG) and feed conversion ratio of Nellore brown lambs under conventional and elevated housing systems
	Week
	Dry matter intake
	Average daily gain
	Feed conversion ratio

	
	CHS
	EHS
	CHS
	EHS
	CHS
	EHS

	1*
	0.40±0.03
	0.42±0.01
	70.86±6.13
	86.21±12.65
	5.77±0.39a
	4.87±0.11b

	2*
	0.47±0.02
	0.48±0.01
	69.00±11.38
	84.07±6.00
	6.79±0.24a
	5.35±0.17b

	3*
	0.49±0.02b
	0.54±0.01a
	67.86±9.53b
	94.57±6.76a
	7.33±0.25a
	5.76±0.13b

	4*
	0.52±0.01
	0.55±0.01
	64.86±9.02b
	98.14±4.85a
	8.74±0.18a
	5.61±0.09b

	5*
	0.55±0.01b
	0.62±0.01a
	67.71±12.42b
	100.14±3.73a
	8.16±0.21a
	6.21±0.08b

	6*
	0.55±0.01b
	0.63±0.01a
	67.43±15.25b
	106.71±8.87a
	8.25±0.15a
	5.93±0.13b

	7*
	0.59±0.01b
	0.65±0.01a
	60.14±10.64b
	107.43±13.01a
	9.98±0.14a
	6.05±0.09b

	8*
	0.57±0.01b
	0.64±0.01a
	58.00±2.42b
	90.14±7.74a
	9.90±0.16a
	7.08±0.11b

	9*
	0.57±0.02b
	0.65±0.02a
	58.86±5.03b
	86.28±7.96a
	9.93±0.29a
	7.52±0.22b

	10*
	0.59±0.02
	0.65±0.01a
	59.71±7.46
	82.71±11.76
	9.95±0.33a
	8.11±0.17b

	11
	0.58±0.03
	0.62±0.01
	60.00±6.02
	77.71±9.33
	9.76±0.50
	8.79±0.10

	12
	0.59±0.03
	0.62±0.01
	61.71±4.59
	73.29±8.45
	9.72±0.48
	8.92±0.13

	13*
	0.59±0.02
	0.61±0.01
	61.42±3.89
	71.86±6.73
	9.58±0.39a
	8.55±0.15b

	Overall mean**
	0.54±0.01 b
	0.59±0.01a
	63.66±2.35b
	89.18±2.59a
	8.76±0.16a
	6.83±0.15b


Means with different superscripts within a row differ significantly * (P<0.05), ** (P<0.01)
CHS- Conventional housing system, EHS- Elevated housing system

3.6 Morphometric measurements
Body length and chest girth measurements of lambs were presented in Table 5. The overall mean body length and chest girth was significantly (P<0.05) high in elevated (51.90 ± 0.57, 58.96 ± 0.44) housing system than that of conventional (50.1 ± 0.52, 57.71 ± 0.42) housing system. 
Height at withers, abdominal girth and thigh circumference of lambs were presented in Table 6. The overall mean height at withers (cm) and abdominal girth were significantly (P<0.01) high in elevated (57.46±0.33, 64.36±0.54) housing system than that of conventional (55.67±0.46, 60.99±0.54) housing system. The overall mean thigh circumference (cm) was not significantly different between conventional (25.94 ± 0.34) and elevated (26.79 ± 0.36) housing systems.

Table 5: Body length and chest girth of Nellore brown lambs under conventional and    elevated housing systems
	Fortnight
	Body length
	Chest girth

	
	CHS
	EHS
	CHS
	EHS

	Initial
	45.10±0.57
	46.00±0.92
	55.60±1.11
	56.50±1.32

	1
	46.70±0.83
	47.80±1.03
	56.40±1.55
	57.70±0.95

	2
	48.70±0.79
	49.60±0.98
	56.90±1.04
	57.90±1.66

	3
	51.30±0.72
	53.30±0.93
	57.80±0.99
	58.60±0.72

	4
	52.50±1.24
	54.20±0.77
	58.00±0.59
	59.40±0.72

	5
	52.90±1.39
	55.50±1.11
	59.10±1.21
	60.40±0.87

	6*
	53.50±1.37b
	56.90±0.75a
	60.20±0.38b
	62.20±0.87a

	Overall mean*
	50.10±0.52b
	51.90±0.57a
	57.71±0.42b
	58.96±0.44a


Means with different superscripts within a row differ significantly* (P<0.05)




Table 6: Height at withers, abdominal girth and thigh circumference of nellore brown lambs under conventional and elevated housing systems
	Fortnight
	Height at withers
	Abdominal girth
	Thigh circumference

	
	CHS
	EHS
	CHS
	EHS
	CHS
	EHS

	Initial
	54.20±1.69
	54.90±1.05
	60.10±1.58
	61.70±2.07
	24.80±0.87
	24.40±1.62

	1
	55.20±1.52
	56.20±0.55
	60.30±1.47
	62.40±1.41
	25.00±1.17
	25.90±0.41

	2
	54.60±1.11
	56.80±0.69
	60.30±1.09
	63.00±1.29
	25.60±0.76
	26.30±0.71

	3
	55.00±1.19
	57.30±1.18
	61.00±1.74
	64.00±1.13
	26.00±0.96
	26.80±1.18

	4
	56.10±0.82b
	58.60±0.56a
	61.20±0.19b
	65.50±0.73a
	26.60±0.58
	27.30±0.52

	5
	56.60±1.01
	59.00±0.56
	61.80±1.64b
	66.50±1.41a
	26.70±0.73
	28.30±0.47

	6
	58.00±0.89
	59.40±0.56
	62.20±1.57b
	67.40±0.92a
	26.90±1.06
	28.50±0.64

	Overall mean**
	55.67±0.46b
	57.46±0.33a
	60.99±0.54b
	64.36±0.54a
	25.94±0.34
	26.79±0.36


Means with different superscripts within a row differ significantly* (P<0.05), ** (P<0.01)

3.7 BCS
The overall mean body condition score of Nellore brown lambs was 2.12 ± 0.79 in elevated housing system and 2.0 ± 0.69 in conventional housing system (Table 7). There was no significant difference in overall BCS in both housing systems. The study revealed that lambs on elevated housing system had more BCS as compared to conventional housing system throughout the study period, which could be attributed to increased body fat reserves and muscle thickness. Similarly, Maurya et al. (2017) also reported higher BCS in lambs under elevated housing system.

Table 7: Body condition scoring of Nellore brown lambs under conventional and elevated housing systems
	
	Housing system

	
	Conventional housing system
	Elevated housing system

	Initial
	1.70±0.11
	1.75±0.08

	1
	1.75±0.11
	1.85±0.13

	2
	2.15±0.76
	2.25±0.11

	3
	2.40±0.12
	2.65±0.13

	Overall mean
	2.00±0.69
	2.12±0.79



4. Conclusion
[bookmark: _Hlk197682619][bookmark: _Hlk180402183][bookmark: _Hlk183680988][bookmark: _Hlk197351200][bookmark: _Hlk213410455][bookmark: _Hlk213409052]The present study demonstrated that housing system significantly influences the growth performance, feed efficiency, and morphometric development of Nellore Brown lambs during the summer season under intensive management. Lambs maintained under the elevated housing system with slatted flooring experienced comparatively lower thermal stress, as indicated by reduced evening temperature–humidity index values, than those reared under the conventional housing system with moorum flooring. Improved thermal comfort in the elevated housing system resulted in significantly higher dry matter intake, body weight gain, and average daily gain, along with a lower feed conversion ratio, indicating superior feed utilization efficiency. Furthermore, key morphometric traits such as body length, chest girth, height at withers, and abdominal girth were significantly higher in lambs housed under the elevated system, reflecting better overall growth and skeletal development. Although body condition score did not differ significantly between the two housing systems, lambs in the elevated housing system consistently exhibited slightly higher scores throughout the study period. Overall, the findings suggest that elevated housing with slatted flooring effectively mitigates heat stress during summer and enhances growth performance of Nellore Brown lambs. Therefore, adoption of elevated housing systems can be recommended for sheep farmers, particularly in hot and humid regions, to improve productivity, animal comfort, and welfare under intensive rearing conditions.
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