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Introduction

A large proportion of the sheep population is 
sustained in hot, arid and semi-arid regions. Low 
input extensive grazing is an integral part of sheep 
rearing in semi-arid tropical regions. In such regions, 
scarcity of feed is a common problem during 
extreme summers and winters. The availability of 
low quality and small quantities of feed in the lean 
period may affect the reproductive efficiency of 
sheep (Sejian et al., 2012). Nutrition is an important 
factor influencing reproductive performance in rams. 
Long- or short-term nutritional manipulation affects 
testicular growth, activity and sperm production 

(Oldham et al., 1978). Under an extensive system of 
management, the level of nutrition has a more  severe 
impact on ram reproduction than the photoperiod 
(Mukasa-Mugerva and Ezaz, 1992; Perez et al., 
1997). In this management system, lack of adequate 
year-round feed resources is probably major factor 
in low animal production in arid and semi-arid 
regions in the world (Ben Salem and Smith, 2008; 
Kawas et al., 2010). 

Undernutrition has an adverse effect on male 
reproduction (Cheah and Yang, 2011). Malpura is  
a breed well adapted to semi-arid tropical regions.  
Nevertheless, nutritionally induced higher and lower 
body conditioned Malpura rams perform inferiorly 
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fed maintenance requirement), G2 (fed 20% less than maintenance) and 
G3 (fed 30% less than maintenance). The animals were stall-fed with a diet 
consisting of 70% roughage and 30% concentrate. The study was conducted 
for eight weeks during the spring. Semen collection was done weekly at  
08:00. Semen was evaluated by a computer-assisted sperm analysis technique. 
Sexual behaviours were also recorded at the time of semen collections. The 
proportion of rapid, medium and slow motile sperm, and average path velocity 
varied significantly (P < 0.05) among the groups. The time for seeking females 
significantly (P < 0.05) decreased in G3, while the refractory period significantly 
(P < 0.05) increased in G2. The testosterone concentration was significantly 
(P < 0.05) lower in G2 and G3 as compared with G1. The results indicate that 
GMM rams compromised their reproductive performance under nutritional 
stress imposed by 30% feed restriction of their maintenance diet during a feed 
scarcity period.
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to moderate body conditioned Malpura rams in 
terms of most reproductive parameters (Maurya  
et al., 2010). The Booroola Fecundity gene (FecB) 
belongs to transforming growth factor β (TGF-β) 
superfamily (Fabre et al., 2006). The FecB locus is 
situated in the region of ovine chromosome 6 and 
contains the bone morphogenetic protein receptor 
1B (BMPR1B) gene. The mutation corresponds to 
A to G transition at nucleotide position 746 of the 
cDNA resulting in non–synonymous substitution 
of glutamine with an arginine corresponding to 
position 249 of the mature protein (Mulsant et al., 
2001; Wilson et al., 2001). In India, at our institute 
the FecB mutation from Garole sheep (a breed for  
a hot and humid environment) was introduced into 
the Malpura breed to produce Garole × Malpura 
× Malpura (GMM) cross-bred sheep. It is a well-
established fact that male animals have significant 
contribution to the genetic and reproductive 
improvement of a flock. There is, however, a paucity 
of information on the reproductive performance 
of rams under nutritional stress as compared with 
female animals. Moreover, it is necessary to know 
the nutritional adaptability of GMM rams in terms of 
reproductive performance under a scarcity period to 
propagate this breed in semi-arid regions. Therefore, 
the present study was conducted to assess the effect 
of nutritional stress on sperm motion characteristics 
and sexual behaviour of GMM rams.

Material and methods 

Experimental location
The experiment was conducted at the ICAR-

Central Sheep and Wool Research Institute (ICAR-
CSWRI) farm, which is located at 75°28′E longitude 
and 26°26′N latitude and at an altitude of 320 m 
above mean sea level. This location has the semi-
arid environment occurring in India. The climate of 
this region is tropical. The average annual minimum 
and maximum ambient temperature ranges from 
4°C to 46°C. The mean annual relative humidity 
ranges from 20% to 85%. The annual rainfall in this 
area ranges from 200 to 500 mm with an erratic dis-
tribution throughout the year. The experiment was 
carried out during February and March, which is  
a pleasant, stress-free season for sheep. The mean 
environmental temperatures, relative humidity, wind 
velocity and temperature-humidity index (THI) dur-
ing the study period (8 weeks) are listed in Table 1. 
THI was calculated by the formula described by 
Marai et al. (2007).

Animals
The GMM is a prolific crossbred sheep evolved at 

ICAR-CSWRI (Avikanagar, India) by introgression 
of the FecB gene from Garole to the Malpura breed. 
Eighteen adult GMM rams (2–4 years old) with a 
mean body weight of 41.75 ± 1.80 kg were used in 
this study. All of the rams were descendants of the 
same founder populations and were carriers of the 
FecB gene, which shows the genetic homogeneity 
of the rams of each group. The FecB genotyping of 
rams was done by forced restriction fragment lenght 
polymorphism-PCR (RFLP-PCR) technique using 
the protocol of Wilson et al. (2001) as described by 
Kumar et al. (2006). The animals were housed in 
well-ventilated sheds made of asbestos roofing and 
open from the side, and were maintained under proper 
hygienic conditions. The animals had ad libitum 
access to good quality drinking water. Prophylactic 
measures against sheep diseases like sheep pox, 
peste des petits ruminants, enterotoxaemia, endo- 
and ectoparasitic infestations were carried out as 
prescribed by the Animal Health Division of the 
Institute to ensure that the animals were in a healthy 
condition throughout the study.

Experimental procedure
The present study was conducted for 8 weeks. 

The first week was the adaptation period and was 
used to estimate the maintenance requirement for 
feed. Recording and sample collection started from 
the 2nd week. The 18 rams were allocated randomly 
into three groups of six animals each: G1 (n = 6; 
control), G2 (n = 6; 20% less feed) and G3 (n = 6; 
30% less feed). The animals were stall fed with a diet 
consisting of 70% roughage and 30% concentrate, 
(g · kg–1: barley 650, ground nut cake 320, minerals 
30 including NaCl 10, with crude protein 180 and 
total digestible nutrients 650). The G1 rams were 
provided with feed equivalent to their maintenance 
requirement, while G2 received 20% less feed than 
their maintenance requirement, and G3 rams with 
30% less than maintenance. This feeding schedule 
began from the 2nd week of the experiment. In the  
1st week the individual animals’ maintenance require-
ments were determined. On the basis of this result, the 
feed of individual animals was restricted to induce nu-
tritional stress. Permission for subjecting the animals 
to nutritional stress was obtained from the Institute’s 
Ethics Committee before conducting the experiment.

Sexual behaviour and semen evaluation
The different types of sexual behaviour of rams, 

i.e. searching for females, number of mounts for first  
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ejaculation, time taken for first ejaculation, latency  
period, number of mounts for second ejaculation 
and time taken for second ejaculation were evalu-
ated at the time of semen collection. Semen sam-
ples were collected from the rams using an artificial 
vagina at weekly intervals. The rams were exposed 
one by one and allowed to mount an oestrus ewe in 
the semen collection shed. The oestrus ewes were 
restrained in a service crate. Each ram was sched-
uled in a random order for two consecutive ejacu-
lations. After ejaculation, the semen samples were 
immediately taken to the laboratory and evaluated 
for: 1. volume: measured directly in millilitres to 
the nearest 0.1 ml using a graduated glass collection 
cup, 2. concentration: determined using a spectro-
photometer, previously calibrated with a haemocy-
tometer, and expressed as 106 · ml–1, and 3. sperm 
motion characteristics: objectively evaluated by a 
computer-assisted sperm analysis (CASA) tech-
nique using a motility analyzer Hamilton-Thorn 
Biosciences HTM-IVOS version 12.1 M (Beverly, 
MA, USA; Maurya et al., 2010). 

Just prior to CASA analysis, each sample was 
diluted to approximately 25 × 106 sperms per ml 
with normal saline solution and kept at 37°C during 
the entire experiment so that the time elapsed be-
tween semen dilution and CASA was very small and 
the sperm survived until completion of analysis. The 
semen analyser was set-up as follows: image type: 
phase contrast; frames at frame rate: 30 at 60 · s–1; 
minimum contrast: 60; low and high static size gates: 
0.8 to 6.25; low and high static intensity gates: 0.25 
to 1.50; low and high static elongation gates: 20 and 
70; default cell size: 5 pixels; default cell intensity: 
55; magnification: 1.89. Twenty microlitres of the 
diluted sample were placed in a prewarmed Makler 
counting chamber (10 µm deep, Sefi-Medical In-
struments Ltd., Haifa, Israel) and 5 fields per cham-
ber were examined at 37°C in the analyser. 

The parameters measured with the analyser 
were: curvilinear velocity (VCL, µm · s–1), aver-
age path velocity (VAP, µm · s–1), straight line ve-
locity (VSL, µm · s–1), % motility, % rapid motility 
(VAP > 75 µm · s–1), % medium motility (10 < VAP <  
75 µm · s–1), % slow motility (0 < VAP < 10 µm · s–1), 

% linearity, % straightness, % elongation (ratio of 
minor axis/major axis × 100), area µm2 (major axis 
× minor axis), beat frequency (BF, Hz) and ampli-
tude of lateral head displacement (ALH, µm) of the 
spermatozoa.

Testosterone estimation
Five millilitre blood samples were collect-

ed at weekly intervals from all of the animals.  
A 20-gauge sterilized needle and plastic syringe was 
used to sample blood from the external jugular vein 
into tubes with heparin as the anticoagulant. Blood 
samples were collected at 11:00. Plasma was sepa-
rated by centrifugation of blood samples at 3 500 
g at room temperature for 20 min and kept frozen 
at –20°C for testosterone estimation. Testosterone 
was estimated by radioimmunoassay (RIA) us-
ing a Packard Cobra II gamma counter (PC-RIA 
MAS, Stretec, Germany) and employing RIA kits 
(analytical sensitivity 0.025 ng · ml–1; the intra-assay 
and inter-assay coefficient of variations were 14.8% 
and 15%, respectively) supplied by Immunotech  
(France). 

Statistical analysis
The data were analysed by GLM (SPSS 14.0). 

The linear model was used for all of the respond-
ent variables using least squares analysis of vari-
ance. The effect of fixed factors, namely treatment 
(control, 20% feed restricted, 30% feed restricted), 
week (time over which experiment was carried out,  
8 weeks) and also interaction of treatment and week, 
was analysed on the various studied parameters. 
Comparison of means of the different subgroups was 
made by Tukey’s tests. The percentile data was ana-
lysed after arcsin square root transformation of the 
values in percentage.

Results

Semen evaluation
The effects of nutritional stress on semen para-

meters are described in Table 2. There was no signi-
ficant effect of nutritional stress on semen volume, 

Table 1. Mean and SEM of climatological data during the experimental period

Day time Temperature, °C RH, % THI Wind velocity,  
m · s−1

Day length, 
 hmaximum minimum dry bulb (db) wet bulb (wb)

Morning 29.28 ± 0.83 13.97 ± 0.41 17.83 ± 0.54 16.11 ± 1.19 52.60 ± 2.68 16.02 ± 0.67
3.49 ± 0.17 8.83 ± 0.22

Evening 31.14 ± 0.63 17.18 ± 0.68 27.59 ± 0.90 18.88 ± 0.52 46.80 ± 1.98 22.66 ± 1.04
RH − relative humidity, THI − temperature-humidity index; the meteorological data were recorded at morning 07:00 and afternoon 14:00; 
temperature-humidity index was calculated with the formula of: THI = db °C − {(0.31 − 0.31 RH)(db °C − 14.4)} given by Marai et al. (2007)
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total progressive motility, VCL, VSL, linearity 
or straightness of ram spermatozoa. The sperm 
concentration was lower in G2 and G3 as compared 
with G1. Although the total motile spermatozoa  
percentage did not differ significantly among 
the groups, still the percentage of rapidly motile 
sperm was significantly (P < 0.05) lower, and the 
percentage of medium and slow motile sperm was 

significantly (P < 0.05) higher in group G3. The 
VAP was also significantly (P < 0.05) lower in G3 
rams and ALH was significantly higher in G2 and 
G3 as compared with  control rams.

Sexual behaviour
The effect of nutritional stress on sexual 

behaviour is described in Table 3. It was found that 

Table 3. Effect of nutritional stress on sexual behaviour of GMM1 rams

Indices Searching  
for female, s

No. of mounting  
for 1st ejaculation

Time taken  
for 1st ejaculation

Latency  
period, s

No. of mounting  
for 2nd ejaculation

Time taken 
 for 2nd ejaculation

µ ± SEM   9.79 ± 1.08 2.51 ± 0.18 15.63 ± 1.83 56.46 ± 4.64 2.98 ± 0.28 31.91 ± 3.92
Treatment2 NS NS NS NS

G1 12.81a 2.29 12.26 38.57b 2.80 28.43
G2 10.74ab 2.71 20.02 74.46a 3.83 43.34
G3   5.81b 2.52 14.60 56.34ab 2.31 23.97

Pooled SEM for treatment   1.87 0.32   3.17   8.04 0.48   6.80

Week NS NS NS NS NS
1 12.90 2.72 14.67 69.67 2.40 20.13b

2   8.94 3.11 15.11 66.67 3.67 29.87ab

3   9.33 2.50 13.22 59.40 3.27 24.93ab

4   9.89 2.94 13.78 54.87 2.13 29.73ab

5   7.00 2.28 10.67 53.07 4.73 44.53ab

6 12.11 2.22 22.28 50.67 2.47 13.20b

7   8.28 1.78 19.67 40.87 2.20 61.00a

Pooled SEM for week   2.86 0.48   4.85 12.28 0.74 10.38
1,2 see Table 2; µ − indicates the general mean for the parameter; SEM − standard error of the mean; means of different groups (G1, G2 and G3) 
with similar superscript (a, b and ab) within a column do not differ significantly (P > 0.05) from each other; means of different experimental weeks 
(1st, 2nd, 3rd, 4th,5th, 6th and 7th) with similar superscript (a, b and ab) within a column do not differ significantly (P > 0.05) from each other; searching 
for female is the time taken by the ram to reach or search for the female to mount for the first time; latency period is the time lapse between the  
1st ejaculation and begining of mounting for 2nd ejaculation; NS − not significant

Table 2. Effect of nutritional stress on semen characteristics of GMM rams

Parameters µ ± SD Experimental groups SEMG1 G2 G3
Volume, ml       0.58 ± 0.04       0.54       0.64       0.55     0.06
Concentration, 106 · ml 3819.94 ± 133.28 4147.18 3588.03 3724.60 216.72
Motility, %1     67.40     (84.2)     68.10    (85.1)     64.13   (80.0)     67.40   (84.2)     1.93

rapid, %1     57.89 ± 1.24  (70.7)     59.76a  (73.6)     61.41a   (76.1)     52.52b   (62.0)     2.02
medium, %1     18.12 ± 0.77  (8.7)     16.30a  (6.9)     16.78a  (7.3)     21.26b  (12.1)     1.26
slow, %1       8.05 ± 0.36  (1.9)       8.50ab  (1.2)       6.44a  (0.9)       9.24b  (1.6)     1.45

VCL, µm · s−1   241.10 ± 4.38   238.46   253.18   231.67     7.125
VAP, µm · s−1   158.96 ± 3.49   164.75ab   166.31a   145.81b     5.67
VSL, µm · s−1   131.54 ± 3.01   133.32   134.77   126.53     4.90
Linearity, %1     48.19 ± 0.46  (54.6   )     49.10   (56.1)     48.55   (55.2)     46.92   (52.3)     0.74
Straightness, %1     63.27 ± 0.40  (78.8)     64.00   (79.8)      63.14  (78.6)     62.66   (77.9)     0.65
ALH, µm       7.57 ± 0.14       6.80a        7.84b      8.07b     0.22
BF, Hz     17.67 ± 2.67     17.89      12.30    22.82     4.33
Elongation, %1     46.65 ± 0.61     46.01      46.84    47.11     0.99
Area, µm2       6.67 ± 1.01       7.80        5.18     7.02     1.64

GMM − Garole × Malpura × Malpura; G1 − control maintenance feeding, G2 − 20% restriction of maintenance feeding, G3 − 30% restriction of 
maintenance feeding; VCL − curvilinear velocity, VAP − average path velocity, VSL − straight line velocity, BF − beat frequency, ALH − amplitude 
of lateral head displacement; µ − indicates the general mean for the parameter; SEM − standard error of the mean; means of different groups 
(G1, G2 and G3) with similar superscript (a,b) within a row do not differ significantly (P > 0.05) from each other; 1 values are mean of the  
arcsin transformed values in percentage, whereas values in parenthesis are actual means of data
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G3 rams spent significantly (P < 0.05) less time 
seeking a female. The number of mounts for the 
first ejaculation and time taken for first ejaculation 
were lower in G1 rams. The refractory period was 
significantly (P < 0.05) influenced by nutritional 
stress. It was higher in G2 rams as compared 
with G1 rams. However, nutritional stress had no 
significant effect on the number of mounts for the 
second ejaculation and the time taken for the second 
ejaculation. Furthermore, experimental week and 
interaction between week and treatment had no 
significant effect on sexual behaviour except time 
taken for the 2nd ejaculation.

Plasma testosterone level
Figure 1 describes the effect of nutritional stress 

on the testosterone level. The mean plasma testos-
terone level differed significantly (P < 0.05) among 
groups. The mean plasma testosterone concentration 
was significantly (P < 0.05) lower in groups G2 and 
G3 as compared with G1. Further, experimental week 
also significantly (P < 0.01) influenced the plasma 
testosterone concentration (data not presented).

Discussion
The present experiment demonstrates the sex-

ual adaptive capability of newly developed prolific 
GMM rams when they are subjected to nutritional 
stress. Animals need nutrients primarily for body 
maintenance and then for growth, production and 
reproduction (Martin et al., 2008). 

It has already been reported that animals be-
come gonadally regressed and sexually inactive 
during periods of feed scarcity and high demands 
of a thermoregulatory period (Schneider, 2004). 

Such conditions lead to activation of neuropeptides 
related to the central feeding stimulatory circuit. 
This signal inhibits the hypothalamic-pituitary-
gonadal (HPG) system and gonadotropin-releasing 
hormone (GnRH) secretion. Inhibition of GnRH 
secretion causes a decrease in the secretion of go-
nadotropin that ultimately reduces testosterone pro-
duction in the gonads. In the present study, plasma 
testosterone was significantly (P < 0.05) lower in 
feed-restricted animals as compared with control 
rams and, therefore, testosterone-induced sexual 
behaviour was also reduced in feed-restricted ani-
mals. In a similar experiment, Maurya et al. (2010) 
also reported reduced testosterone levels and repro-
ductive behaviours of Malpura rams. Malau-Aduli  
et al. (2003) reported that additional nutritional 
supplementation aids body weight gain and peaks  
testosterone concentration in bucks. 

Scaramuzzi et al. (2006) stated that interac-
tions between metabolites and hormones regulate 
the energy balance of animals. For reproduction an 
animal needs large amounts of energy, therefore, 
the energy balance of an animal is closely related 
to fertility (Martin et al., 2008). Changes in avail-
able energy and feed intake alter the endocrine axis 
and HPG axis. At the time of energy deficiency, an 
animal would divert the energy available for brain 
function and cognition that ultimately will hamper 
reproduction (Maurya et al., 2010). Braden et al. 
(1974) reported that the level of feeding influences 
sperm production of Merino rams. Underfed rams 
had lower spermatogenic activity and sperm con-
tent of the epididymis  as compared with ad libitum 
fed rams (Hotzel et al., 1997). In present study, the 
sperm concentration was also lower in groups G2 
and G3 as compared with G1.

A low-quality feed supply increases the number 
of immature spermatozoa  and decreases the normal 
spermatozoa count in rams (Dana et al., 2000). Simi-
larly, feed restriction reduced the total motile sperma-
tozoa. In the present study, rapidly motile spermato-
zoa counts were significantly lower, whereas medium 
and slow spermatozoa were significantly higher in 
the nutritionally stressed rams. The testosterone level 
is a good indicator of semen quality and production. 
Spermiogenesis is influenced by testosterone because 
normal spermatozoa are dependent on Sertoli cells for 
their care, nourishment and division (Hafez, 1993). 

The condition of the body induced by nutri-
tional stress had a significant effect on the sexual 
behaviour of Malpura rams (Maurya et al., 2010). 
The sexual parameters recorded in the present study 
showed that the number of mountings for the first 
ejaculation, time taken for the first ejaculation, and 

Figure 1. Effect of nutritional stress on plasma testosterone levels of 
Garole × Malpura × Malpura rams. G1 − control − maintenance feed-
ing, G2 − 20% restriction of maintenance feeding, G3 − 30% restriction 
of maintenance feeding. Columns of different groups (G1, G2 and G3) 
with similar letter above do not differ significantly (P > 0.05) from each 
other 
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latency period were smaller and shorter in group G1 
as compared with G2 and G3. This shows that nutri-
tional restriction is detrimental to sexual behaviour, 
while testosterone levels also decreased significant-
ly. Kishk (2008) reported that testosterone level of 
Rahmani rams negatively correleated with reaction 
time and positively correlated with semen volume, 
sperm motility and sperm concentration which is in 
agreement with the findings of the present study in 
which we found decrease in testosterone level with 
feed restrictions. 

Conclusions
The present study clearly establishes that Garole 

× Malpura × Malpura, a prolific crossbred of native 
sheep breeds of a semi-arid tropic region (Malpura) 
and a hot humid region breed (Garole), compromised 
their reproductive performance under nutritional 
stress imposed by 30% feed restriction of their 
maintenance diet. This is evident from impaired 
sexual behaviour, testosterone concentration and 
sperm motility in feed-restricted rams. The quality of 
semen was not affected much, however, by nutritional 
stress up to 20% restriction of the maintenance diet. 
Further detailed studies are required to determine 
the optimal nutritional requirement during scarcity 
period to maintain reproduction in rams.
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