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Abstract

In an attempt to assess the effect of improved nutrition and improved shelter
either alone or in combination, an experiment was conducted at ICAR-ARC-
CSWRI, Bikaner in two phases. In each phase, forty male Magra lambs of 15
days old age were taken from ARC-CSWRI, Bikaner; ten lambs in each group
were used in a randomized block design upto the six month of age, born during
season 1 and season 2. Performance of lambs were assessed by studying wool
parameters. The obtained results of meteorological variables indicated that
there was wide variation in temperature and THI. The results of greasy fleece
yield was observed to be highly significant (P<0.01) due to main effect of
season. Non-significant effect was observed on all parameters of wool quality.
At the end, based on the performance of lambs, it appears that incorporation
of both improved nutrition and improved shelter is a viable proposition for
optimum wool production.
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Introduction

The productivity of small ruminant production in western Rajasthan is decreased by a variety of factors like low
plane of nutrition, high environmental temperature and poor management. Among these factors, high environmental
temperature is the major factor affecting animal’s productivity and higher humidity aggravates the situation (Manish
Kumar et al., 2010). In the arid and semi-arid region of India, sheep are generally exposed to various climatic
extremes like higher temperature, feed and water deprivation during grazing (Maurya et al., 2004; Sejian et al.,
2010) hence in addition to heat stress and physical strain of grazing activity, the small ruminants are subjected to
feed deficiency (Hooda and Naqvi, 1990). In these areas, there is wide variation in ambient temperature, which may
elevate upto 49°C during summer and may decrease below 3°C during winter, therefore small ruminant kept on only
grazing, expose to stress because of environmental and nutritional stressors (Maurya et al., 2004). Extremes in the
environmental conditions impose a great effect on physiology and productivity of farm animals (Singh and
Upadhyay, 2009) Among these climatic component’s ambient temperature, humidity, solar radiation, photoperiod
and air movement are some important factors, which cause stress on production and reproductive efficiency of small
ruminants (Marai et al., 2008). Climate change affects the economic sustainability and productivity of small
ruminant’s production systems. The economic efficiency of sheep rearing is based on the optimum production of
lambs with minimum mortality at the time of rearing. A high ambient temperature is the major limitation on
production performance of animal in tropical and sub-tropical areas (Marai et al., 1995, 2000; Shelton, 2000). This
effect is enhanced when heat stress is associated by high ambient humidity (Marai et al., 1997, 2000; Abdel-Hafez,
2002). In arid and semiarid regions, the effect of heat stress is accelerated by nutritional deficiency and water
deprivation, which is due to lack of availability of feed and poor pasture conditions. Deficiency of adequate feed
resources is also an important factor, which causes lower production, particularly in arid and semi-arid areas in the
world (Salem and Smith, 2008; Kawas et al., 2010). Therefore, heat stress in sheep may be mitigated by adopting
various disciplinary approaches, which include nutritional strategies, housing management and health services
(Collier et al., 2003).

Materials and Methods

Phased experiment was conducted on 15 days old male Magra lambs at the sheep farm of ARC-CSWRI, Bikaner.
In phase-I, fifteen days old Magra lambs (n=40) born in autumn-winter season were used for study in a randomized
block design up to the six month of age during the period from September 2016 to Feb-March 2017 i.e. Autumn-
Winter season (Season-1) at ICAR-ARC-CSWRI and divided into four groups of ten lambs in each group (T1-Ta).
In Phase-I1, similar experiment was followed with the lambs born in spring-summer season (Season-11) during the
period from early February, 2017 to early August, 2017. Groups included Ti-sole grazing with traditional shelter;
To-improved shelter with grazing; Ts-improved nutrition and traditional shelter and Ts- improved nutrition and
improved shelter. The traditional shelter means an enclosure without roof structure under tree shade. Improved
shelter was in the form of asbestos sheet-thatched roof. Additional protection was provided with curtains in winter
period to save the lambs from direct cold waves. In groups of (Ts-T4) varying plane of nutrition was supplemented
with creep mixture @1% of their body weight from 15 days of age to weaning while multinutrient mixture @1% of
their body weight was provided from weaning upto six month of age in both seasons. Lambs were kept in their
respective sheds with their dams upto weaning and thereafter they were separated from their dams and let loose for
8 hours grazing in all groups. The lambs of all groups were supplemented with ad lib groundnut haulms during the
whole trial. All experimental lambs reared under strict management and proper hygienic conditions throughout the
study period. Deworming was carried out for both ecto and endoparasites using suitable anthelmintics before the
beginning of the experiment.

Two digital data loggers were used to record air temperature and relative humidity inside and outside of the shed.
The data logger was hanged at 1.5 meter above the ground in the middle of inside and outside the shed. Climatic
variables were observed from September, 2016 to August, 2017. Temperature humidity index (THI) values were
calculated from recorded meteorological variables as per formula given by Marai et al. (2007). The weight of greasy
fleece yield (GFY) was recorded after complete shearing of lambs at the time of first shearing in both seasons. The
wool samples for laboratory analysis were taken from mid-side region above the last pair of ribs. Each sample was
collected as close to skin as possible, kept in zip lock polythene bags along with identification card. Thereafter, the
wool samples for laboratory analysis were sent to Textile Manufacturing and Textile Chemistry Division of Central
Sheep and Wool Research Institute, Avikanagar for quality analysis, which includes staple length, no. of crimps,
medullation and fibre diameter.
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Statistical Analysis

The data obtained in the present experiment were analyzed statistically for main effect of treatment or season alone
as well as interaction (Treatment x Season) in factorial design (4x2) as per Snedecor and Cochran (2004) and
significance of mean differences was tested by Duncan’s New Multiple Range Test (DNMRT) as modified by
Kramer (1956).

Results and Discussion

The monthly mean values of average temperature, relative humidity and temperature humidity index (THI) of
different months of inside and outside shed of both seasons are presented under in Table 1. The monthly mean
values of temperature, relative humidity and THI of daytime (7 a.m.-7 p.m.) and night time (7 p.m.-7 a.m.) during
different months of inside and outside shed of both seasons are presented in Table 2.

Table 1: Monthly mean values of temperature, relative humidity and THI of season 1 and 2 (inside and outside
shed)

. Average Temperature (°C) | Average Relative Humidity (%) Average THI
Period (Months) In ‘ Out In ‘ Out In | Out
Season 1
September 31.65 32.33 49.63 49.16 28.94 29.49
October 27.8 27.81 44.83 45.64 25.56 25.6
November 19.31 19.01 43.27 44.95 18.45 18.22
December 18.76 17.87 48.62 48.05 18.06 17.31
January 14.73 12.84 65.3 65.51 14.72 13.02
Feb.-Mar. (up to 5th march) 18.59 20.19 42.91 39.07 17.74 19.05
Season 2
February (From 12" Feb.) 20.64 21.88 33.65 33.47 19.16 19.95
March 25.26 26.15 33.43 33.83 22.96 23.67
April 32.84 33.31 23.45 23.8 28.47 28.84
May 34.96 34.93 3241 33.82 30.61 30.66
June 34.44 34.52 49.43 49.63 31.26 31.32
July-Aug (Up to 12th Aug.) 32.58 32.44 59.47 59.5 30.29 30.17

Table 2: Monthly mean values of temperature, relative humidity and THI of day and night of season 1 and 2 (inside
and outside shed)

Temperature (°C) Relative Humidity (%) THI
Period (Months) Day Night Day Night Day Night
In | Out In | Out | In | Out In | Out | In [ Out In | Out
Season 1
September 35.06 | 37.01 | 28.22 | 27.67 | 40.9 | 37.86 | 58.38 | 60.44 | 31.24 | 32.58 | 26.42 | 26.02
October 30.72 | 31.32 | 24.81 | 24.23 | 37.88 | 37.82 | 51.84 | 53.55 | 27.54 | 28.01 | 23.23 | 22.78
November 20.44 | 21.04 | 18.18 | 16.97 | 415 | 41.39 | 45.06 | 48.52 | 19.34 | 19.82 | 17.53 | 16.55
December 23.17 | 2496 | 14.3 | 10.73 | 37.65 | 33.72 | 59.85 | 62.64 | 21.39 | 22.65 | 14.3 | 11.13
January 17.95 | 17.24 | 1148 | 8.39 | 58.26 | 54.83 | 7245 | 76.32 | 17.44 | 16.78 | 11.71 | 8.82
Feb.-Mar. 20.92 | 24.35 | 16.27 | 16.04 | 37.95 | 31.66 | 47.83 | 46.44 | 19.65 | 22.2 | 15.95 | 15.77
Season 2
February 23.17 | 25.38 | 18.11 | 18.39 | 27.87 | 25.9 | 39.43 | 41.04 | 21.09 | 22.63 | 17.22 | 17.27
March 29.06 | 31.52 | 21.52 | 20.84 | 26.17 | 24.62 | 40.65 | 42.98 | 25.68 | 27.47 | 20.19 | 19.68
April 37.14 | 389 | 2854 | 27.71 | 18.18 | 17.22 | 28.79 | 30.44 | 31.35 | 32.59 | 254 | 2481
May 38.9 | 39.14 | 30.97 | 30.68 | 25.61 | 27.24 | 39.44 | 40.6 | 33.23 | 33.55 | 27.84 | 27.66
June 3728 | 37.84 | 316 | 31.2 | 4198 | 415 | 5691 | 57.8 | 33.14 | 33.56 | 29.29 | 28.99
July-Aug 3454 | 3487 | 3061 | 30 | 5256 | 52.17 | 66.39 | 66.83 | 31.56 | 31.82 | 28.91 | 28.39

The mean values of greasy fleece yield (GFY) at the time of first shearing of different treatment groups of
experiment are presented in Table 3. Due to main effect of treatment, the mean values of greasy fleece yield of
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lambs at the time of first shearing were recorded 430.79+£34.39 g in Ty, 431.00+£37.65 g in T, 500.00+£38.31 g in T;
and 521.50+50.59 g in T4 group. Likewise, as a resultant to the main effect of season, the mean values of greasy
fleece yield of lambs in season 1 and season 2 were recorded 368.42+21.03g and 568.38+27.11 g. Due to interaction,
mean values of greasy fleece yield in season 1 and season 2 were recorded 344.44+29.40 and 508.50+48.85 g in Ty,
350.00+£47.73 and 512.00+47.44 g in T, 388.89+51.22 and 600.00+33.66 g in Ts and, 390.00+40.69 and
653.00+72.85 g in T, group. The statistical analysis of variance due to main effect of treatment and interaction
(Treatment x Season) revealed no significant effect on greasy fleece yield at the time of first shearing, whereas, due
to main effect of season revealed highly significant (P<0.01) effect. Due to main effect of treatment, the highest
per cent (21.16%) increase in greasy fleece yield was recorded in lambs of group T4 followed by 16.27 % in Ts and
0.23 % in T, over control group. Likewise, due to main effect of season, the increase in greasy fleece yield of lambs
by 54.27 % was noticed in season 2 over season 1. The mean values of wool quality of lambs under different
treatment groups of experiment presented in Table 3.

Table 3: Effect of different treatment groups on wool yield and wool quality in two lambing seasons

Fiber . N . . Staple
Treatment groups | Wool yield (g) | diameter Hete(ré)/ol;lbers Halr(% /(f) ;bers Med(%}clf)mon (ggLn;gf) Iengpth
(%) (cm)
Treatment | Season Interaction (Treatment X Season)
T1 1 344.44+29.4 | 34.16+3.38 13.26+2.81 37.53+£13.39 | 50.79+£11.94 | 1.45+0.27 | 4.66+0.59
T2 1 350.00+47.73 | 31.46+1.65 20.65+3.77 30.00+7.71 50.73+11 1.11+0.06 | 5.36+0.72
Ts 1 388.89+51.22 | 30.68+2.53 12.53+3.47 29.46+11.96 | 42.00£13.35 | 1.38+0.26 3.90+£0.4
Ta 1 390.00+40.69 | 27.74+1.6 21.06+4.24 18.39+4.57 39.46+7.77 1.36+0.1 4.28+0.52
T1 2 508.50+48.85 | 35.28+2.81 21.26+2.86 37.0046.1 58.2616.5 1.03+0.27 | 4.70+0.86
T2 2 512.00+47.44 | 34.82+2.62 24.67+3.86 30.86+6.74 55.53+9.44 1.31+0.2 4.80+0.54
Ts 2 600.00+33.66 | 32.10+1.62 20.73+1.3 33.2046.13 53.9345.2 1.43+0.16 | 4.90+0.25
Ta 2 653.00+£72.85 | 30.52+1.63 14.26+2.53 24.93+9.51 | 39.20+11.35 | 1.71+0.31 | 4.86+0.48
Main Effect of Treatment
T1 430.79+34.39 | 34.72+2.08 17.26+2.31 37.26+6.94 54.53+6.53 | 1.24+0.19 | 4.68+0.49
T2 431.00+£37.65 | 33.14+1.56 22.66+2.63 30.43+4.83 53.13+6.88 1.21+0.1 5.08+0.43
Ts 500.00+38.31 | 31.39+1.44 16.63+2.21 31.3346.36 47.96+7.04 | 1.41+0.15 | 4.40+0.28
Ta 521.50+50.59 | 29.13+1.17 17.66+2.59 21.66+5.09 39.3346.48 | 1.54+0.16 | 4.57+0.35
Main Effect of Season
Season 1 (S1) 368.428+21.03 | 31.01£1.22 | 16.88+1.89 28.85+4.86 45.75+5.27 | 1.33£0.09 | 4.55%0.29
Season 2 (S2) 568.38°427.11 | 33.18+1.12 20.23+£1.55 31.50+3.48 51.73+4.24 | 1.37+£0.12 | 4.82+0.27

Means with different superscripts in a column differ significantly

Due to main effect of treatment, the mean values of fiber diameter of wool of lambs at first shearing were recorded
34.72+2.08 P in Ty, 33.14+1.56 pin T, 31.39+£1.44 p in Tzand 29.13£1.17 W in T4 group. Likewise, due to main
effect of season, the mean values of fiber diameter of wool of lambs during season 1 and season 2 were recorded
31.01+1.22 and 33.18+1.12 . Further, due to interaction (Treatment x Season), the mean values of fiber diameter
of wool of season 1 and season 2 were recorded 34.16+3.38 and 35.28+2.81 p in Ty (Control), 31.46+1.65 and
34.82+2.62 Lin To, 30.68+2.53 and 32.10+1.62 pin Tsand, 27.74+1.60 and 30.52+1.63 L in T4group. The statistical
analysis of variance due to main effect of treatment or season alone and interaction (Treatment x Season) revealed
no significant effect on average fiber diameter of wool. Due to main effect of treatment, the mean values of hetero
fibers of wool of lambs were recorded 17.26+2.31% in Ty, 22.66+2.63% in T», 16.63+2.21% in Tz and 17.66+2.59%
in T4 group. Likewise, due to main effect of season, the mean values of hetero fibers of wool of lambs in season 1
and season 2 were recorded 16.88+1.89 % and 20.23+1.55 %. Further, due to interaction (Treatment x Season), the
mean values of hetero fibers of wool of season 1 and season 2 were recorded 13.26+2.81 and 21.26+£2.86 % in T
(Control), 20.65+3.77 and 24.67+3.86 % in T, 12.53+3.47 and 20.73£1.30 % in Tsand, 21.06+4.24 and 14.26+2.53
% in Ta The statistical analysis of variance due to main effect of treatment or season alone and interaction
(Treatment x Season) revealed no significant effect on average per cent hetero fibers of wool. Due to main effect of
treatment, the mean values of hairy fibers of wool of lambs were recorded 37.26+6.94 % in T, 30.43+4.83 % in T,
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31.33+6.36 % in T3 and 21.66+5.09 % in T4 group. Likewise, as a resultant to the main effect of season, the mean
values of hairy fibers of wool of lambs in season 1 and season 2 were recorded 28.85+4.86 % and 31.50+3.48 %.
Further, due to interaction, the mean values of hairy fibers of wool of lambs of seasonl and season 2 were recorded
37.53£13.39 and 37.00£6.10 % in T, 30.00+7.71 and 30.86+6.74 % in T,, 29.46+£11.96 and 33.20£6.13 % in T3
and, 18.39+4.57 and 24.93+9.51 % in T4 group.

The statistical analysis of variance due to main effect of treatment or season alone and interaction (Treatment x
Season) revealed no significant effect on mean per cent hairy fibers of wool. Due to main effect of treatment, the
mean values of medullation of wool of lambs were recorded 54.53+6.53 % in Ty, 53.13+6.88 % in T, 47.96+7.04
% in T3 and 39.33+6.48 in % T4 group. Likewise, due to main effect of season, the mean values of medullation of
wool of lambs in seasonl and season 2 were recorded 45.75+5.27 % and 51.73+4.24 %. Further, due to interaction
(Treatment x Season), the mean values of medullation of wool of season 1 and season 2 were recorded 50.79+11.94
and 58.26+6.50 % in Ty (Control), 50.73+11 and 55.53+9.44 % in T,, 42.00+13.35 and 53.93+5.20 % in Tsand,
39.46+7.77 and 39.20+11.35 % in T4 group. The statistical analysis of variance due to main effect of treatment or
season alone and interaction (Treatment x Season) revealed no significant effect on mean of per cent medullation
of wool. Due to main effect of treatment, the mean values of number of crimps of wool of lambs were recorded
1.24+0.19 per cmin Ty, 1.21+0.10 per cm in T, 1.41+0.15 per cm in Tz and 1.54+0.16 per cm in T4 group. Likewise,
due to main effect of season, the mean values of number of crimps of wool of lambs in season 1 and season 2 were
recorded 1.33+0.09 and 1.37+0.12 per cm. Further, due to interaction, the mean values of number of crimps of wool
of lambs were recorded 1.45+0.27 and 1.03+0.27 per cm in Ty, 1.114£0.06 and 1.31+0.20 per cm in T, 1.38+0.26
and 1.43+0.16 per cm in Tz and 1.36+0.10 and, 1.71+0.31 per cm in Tsgroup. The statistical analysis of variance
due to main effect of treatment or season alone and interaction (Treatment x Season) revealed no significant effect
on average number of crimps of wool fiber. Due to main effect of treatment, the mean values of staple length of
wool of lambs were recorded 4.68+0.49 cm in Ty, 5.08£0.43 cm in Ty, 4.40£0.28 cm in Tsand 4.57£0.35 cm in T4
group. Likewise, due to main effect of season, the mean values of staple length of wool of lambs in season 1 and
season 2 were recorded 4.55+0.29 cm and 4.82+0.27cm. Further, due to interaction (Treatment x Season), the mean
values of staple length of wool of season 1 and season 2 were recorded 4.66+0.59 and 4.70+£0.86¢cm in Ty, 5.36+0.72
and 4.80+0.54 cm in T, 3.90+0.40 and 4.90£0.25 cm in T3 and, 4.28+0.52 and 4.86+0.48 cm in T4 group. The
statistical analysis of variance due to main effect of treatments and interaction (Treatment x Season) revealed no
significant effect on average staple length of wool.

Results of present findings showed that the calculated temperature humidity index (THI) for both seasons was
observed to be in wide variation, which were either higher or lower than recommended values i.e. <22.2 is absence
of heat stress, 22.2 to < 23.3 is moderate heat stress, 23.3 to< 25.6 is severe heat stress and 25.6 and more is extreme
severe heat stress as reported for sheep by Marai et al. (2007). Looking into the results of meteorological variables
of day-night it is indicated that there was diurnal variation in temperature and THI, when animals were exposed to
severe climatic stress in almost all daytime hours in extreme summer and in almost all night time hours during
extreme winter. Wide variation in temperature and THI as evident from present findings indicated that lambs were
under stress during various months of both seasons of study period. Looking into the results of main effect of season,
it is indicated that there was significantly better greasy fleece production at first shearing in lambs born during
spring-summer season in comparison to those of autumn—winter season, which is in accordance with Gupta et al.
(2015) who reported that greasy fleece weight of September clip was observed significantly higher than March clip.
The results of present study are well supported by Tomar et al. (2000b) and Arora et al. (2007). Safari et al. (2005)
and Akhtar et al. (2014) also stated that there is effect of different environmental factors on wool yield. However,
on contrary Kumar et al. (2006) observed non-significant effect of season of shearing in avikalin sheep. Due to main
effect of treatment, there was better greasy fleece production in treatment groups, though it was statistically non-
significant. Higher greasy fleece yield was obtained on supplementation of concentrate in treatment groups as the
level of nutrition affects the wool production and efficiency (Dunlop et al., 1966; Dolling and Piper 1968; Ferguson
1972).

Further, the findings are well supported with the results of Nagvi and Rai (1990) who reported that as the level of
concentrate feeding increased from restricted to ad libitum resulted in improved greasy fleece yield of sheep.The
non-significant variations in wool quality due to main effect of season was observed in present study, are in
accordance with findings of Bottomley, (2001) and Yeates et al. (2013) who reported that environmental factors
could cause a number of faults in wool, which influences the value of the fleece. Further, Ryder (2000) and
Hutchinson (1999) stated that seasonal cycles of annual rhythm of wool growth rate are controlled by day length
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and concluded that any change in day length could be the important factor for wool growth. Due to main effect of
season, no significant trend in fibre diameter was observed, though it was numerically higher during season 2 over
season 1. The results of fiber diameter, due to main effect of season are in agreement with Das et al. (2014). The
results of staple length and crimp/cm were found statistically non-significant between seasons. Due to main effect
of treatment, there was no significant reduction in fibre diameter and medullation, which was in partial agreement
with Saroj (2016) who reported significant decrease in fibre diameter and medullation in Marwari sheep with
improved nutrition. However, on contrary Karim et al. (2001), and Singh and Sankhyan (2003) stated increment in
fibre diameter on supplementation of concentrate. Non-significant effect was observed on staple length and number
of crimps/cm due to main effect of treatment in the present study, is in well accordance with Kumawat (2016) and
Saroj (2016).

Conclusion

Wool production is adversely affected by nutritional challenges and also by environmental stress, especially in arid
and semi-arid regions of our country. It can be concluded from the present study that wool production of lambs can
be improved by providing improved nutrition and improved shelter in thermal and nutritional stresses.
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