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Abstract: The aim of this study was to investigate changes of serum testosterone, scrotal circumference, body weight, and semen
characteristics in a Meat Institute Sheep (MIS) population during their developing period (between 3 and 17 months). Correlative
relationships among parameters were also tested. Body weight and scrotal circumference were measured monthly, blood samples for
testosterone levels were taken bimonthly (3-17 months), and semen samples were collected by an electroejaculator between the ages
of 9 and 17 months. The analysis showed that the average serum testosterone levels ranged from 1.83 to 13.28 ng/mL and significantly
depended on the age of the lambs (P < 0.05). The trend in the level of serum testosterone was characterized by pronounced variability
throughout the study period. Changes in scrotal circumference and body weight were significantly dependent on age. Ejaculate volume,
sperm motility, and the percentage of live spermatozoa increased with age, except for the percentage of abnormal spermatozoa, which
decreased with age. Correlations among serum testosterone, scrotal circumference, and body weight were moderately to highly
positive and highly significant. All parameters of semen quality were poorly correlated with testosterone and body weight, while scrotal

circumference was in moderate correlation only with ejaculate volume and live sperm count (P < 0.05).
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1. Introduction
The Meat Institute Sheep (MIS) population, created at the
Institute for Animal Husbandry in Belgrade, Serbia, is a
meat type of sheep of strong constitution, strong carcass
conformation, and good meat properties. It was obtained
by using a complex combination crossing according to a
precisely defined genetic procedure, using Pirot pramenka,
Wauerttemberg, and Ile de France breeds (1). So far, the MIS
sheep population is in the experimental stage. MIS ewes
have an average body weight of 79 kg, while rams can gain
from 120 to 140 kg, depending on the production stage and
breeding. Body development and linear measures of MIS
sheep at different ages were presented in previous research
(2). MIS ewes reach sexual maturity at the age of 6 to 8
months, which puts them in the group of fast maturing
sheep breeds, with an average lambing rate of 130% to
160% and the occurrence of estrous cycles throughout the
year (1). However, so far, no studies have been conducted
focusing on the reproductive developmental ability of
male lambs in the MIS sheep population.

During the life of the ram, the body weight, scrotal
circumference, and testosterone levels change under the
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influence of a number of internal and external factors
(3). Literature data on the reproduction of rams indicate
a complex relationship between the development of the
neuroendocrine system, testosterone concentration,
development of individual body parts, and sexual
maturation (4,5).

Potent androgen testosterone, which is produced
in the testes, the most important sex hormone in the
ram, is responsible for the development of primary and
secondary sexual characteristics, sperm production, and
the regulation of sexual behavior (6,7).

Scrotal circumference in rams is considered a good
indicator of their breeding ability. Sperm production
is correlated with testicular measurements (8). Scrotal
circumference varies with season and body weight, but is at
its maximum peak during the fall breeding season (9-11).

Spermatogenesis and steroid secretion are dependent
on the individual activities of two gonadotropins, follicle
stimulating hormone (FSH) and luteinizing hormone
(LH). However, both processes are intimately linked to
adequate levels of testosterone necessary for normal sperm
production and maturation (12).
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Due to the wide range of effects on reproductive
properties associated with sexual competitiveness (13),
individual variation in testosterone production seems to be
a key factor that makes a difference in male reproductive
success, and therefore the understanding of how and
why the variation in testosterone levels occurs is of great
scientific and practical significance (5).

The purpose of this investigation was to measure the
levels of serum testosterone, scrotal circumference, body
mass, and semen characteristics, and the relationship
between these parameters in developing male lambs of the
MIS sheep population.

2. Materials and methods

Investigations were carried out on an experimental sheep
farm of the Institute for Animal Husbandry in Belgrade.
The study included 20 male lambs from the MIS sheep
population. All animals used in the current study were
of similar age and conditions. Prior to weaning, the male
lambs were kept with their mothers; starting from the
second week of age, they were fed with alfalfa hay and
concentrates (160 g protein/kg plus vitamins and minerals)
ad libitum. Lambs were weaned at the age of 2 months and
were kept in the barn system in one group until the end of
the study. The diet was based on the use of alfalfa hay and
concentrates. The animals were introduced in the study at
the age of 3 months and the trial was completed at the age
of 17 months.

From the moment of introduction of the animals in
the study, body weight and scrotal circumference were
measured once a month. Body weight was measured using
a scale. The scrotal circumference was measured with a
ribbon at the widest part of the testis, i.e. the part where
the circumference was the greatest.

Blood samples for testosterone levels were collected
every 2 months (at the age of 3, 5, 7, 9, 11, 13, 15, and
17 months) from the jugular vein in the morning from
0800 to 0900 hours. After 1 h, blood samples were
centrifuged, and the blood serum was extracted, which
was then used for the analysis. Analysis was performed
by the radioimmunoassay method using a commercial
kit (Immulite Total Testosterone, Siemens Healthcare
Diagnostic Inc., UK) for animal use.

To analyze sperm quality, semen samples were
collected by electroejaculation every 2 months between
the ages of 9 and 17 months. Semen samples were collected
once from each ram at each sampling to avoid reducing the
number of sperm and their motility. The following sperm
quality parameters were analyzed: ejaculate volume,
sperm concentration, sperm motility, percentage of live
sperm, and percentage of abnormal forms of spermatozoa.
The ejaculate volume was read directly from a graduated
collection tube. Sperm motility and sperm concentration
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were analyzed using computer-assisted semen analysis
(CASA-ISAS Integrated system for the analysis of semen,
V.1.2., Proiser, Spain). For sperm morphology and sperm
live/dead ratio, the semen was stained with eosin-nigrosin
and examined by microscope.

Statistical analysis of the experimental data was
performed using the statistical package Statistica for
Windows 7 (StatSoft Inc., USA). The equality of variances
of the analyzed treatments was tested using the Leven
test, and in accordance with the results, the significance
of differences in the average values was tested by using
parametric and nonparametric tests. One-way ANOVA
was used to determine the effect of age on body weight
and scrotal circumference of rams. Significant differences
between means were detected using the LSD test.
Testosterone levels and semen characteristics were
analyzed using the Kruskal-Wallis test, and single mean
comparisons were conducted using the Mann-Whitney U
test. The relative dependence of the traits was determined
by Pearson correlation coefficient, whose significance was
tested. Analyses were performed for the significance levels
of 5% and 1%, and the results are presented through the
main indicators of descriptive statistics.

3. Results

The mean values and the variability of the significance of
their differences for testosterone levels in the blood serum
of tested rams depending on their ages are shown in Table
1. The average values of testosterone levels in the blood
serum ranged from 1.83 ng/mL at 3 months of age to 13.28
ng/mL at the end of the test period (when rams were 17
months old), which was significant at P < 0.01. The data
analysis showed a high variability in the testosterone level
with the coefficient of variation ranging from 30.91% to
100.64%. A trend of linear increase in testosterone level
was established in the period from 3 to 7 months of age,
followed by a decline in values at the age of 9 to 11 months,
which was then followed by distinct variations in the last
three control periods with sudden leaps at 13 and 17
months, and a decline at 15 months of age.

Table 2 summarizes the development of scrotal
circumference and live weight during the study. The lowest
average values of the scrotal circumference (17.42 cm) and
body weight (30.62 kg) were determined at 3 months of
age, while the highest values were measured at 13 months
of age, when they amounted to an average of 36.02 cm and
87.95 kg, respectively. There was a trend of linear increase
in the values of scrotal circumference in rams between
the ages of 3 and 7 months (October and November),
after which a certain slight decline during the winter
months was observed. At the ages of 12 and 13 months
(in March and April), there was also a significant increase
in the scrotal circumference values, after which the values
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Table 1. Statistical indicators (mean + SE and CV) for serum testosterone depending on the age of rams.

Age of rams (in months) Testosterone (ng/mL) CV% Season (months)
3 1.83¢+0.28 68.30 June

5 6.36°+ 0.65 45.75 August

7 9.70°+ 0.71 32.58 October

9 6.09°+ 0.88 64.37 December

11 4,69+ 1.05 100.64 February

13 12.91*+ 0.89 3091 April

15 4.59%+ 0.89 86.71 June

17 13.28*+1.03 34.71 August

»bed: means with different superscripts differ significantly at P < 0.01.

Table 2. Mean * SE scrotal circumference and body weight of rams depending on age.

Age of rams (months) Scrotal circumference (cm) CV% Body weight (kg) CV% Season (months)
3 17.42"+ 0.49 12.57 30.62"+ 1.07 15.68 June

4 23.028+ 0.60 11.68 34.07"+ 0.98 12.85 July

5 27477+ 0.54 8.77 44.108+ 1.03 10.43 August

6 31.10°+ 0.49 7.07 51.107+ 1.23 10.80 September
7 32.57%%+ (.51 7.06 60.47¢+ 1.32 9.74 October

8 32.45%+0.55 7.61 62.87¢+1.29 9.21 November
9 31.72°+ 0.44 6.27 69.164+ 1.31 8.49 December
10 30.95°+0.39 5.69 71.57¢4+ 1.31 8.21 January

11 31.85°+0.37 5.18 74.77°+ 1.43 8.53 February
12 34.75%+ 0.59 7.60 82.95°+ 1.56 8.39 March

13 36.02*+ 0.48 5.99 87.95*+ 1.59 8.11 April

14 35.00°+ 0.40 5.14 84.05%+ 1.25 6.66 May

15 34.12%+ 0.40 5.22 87.62°+ 1.58 8.07 June

16 34.67%+0.43 5.57 87.25®+ 1.50 7.69 July

17 35.42%+0.43 5.42 84.77%+ 1.44 7.61 August

18 34.40% + 0.48 6.22 85.72%+1.43 7.47 September

sbedebeh: means with different superscripts differ significantly at P < 0.01.

remained relatively constant during the summer months
until the end of the study at 17 months of age.

The results of the analysis of body weight during the
examination period showed a linear increase of values
from 3 to 13 months of age, reaching the highest average
value of 88.20 kg, after which the value remained relatively

constant until the end of the study, with slight fluctuations.
The values of both parameters were significantly dependent
on age.

Table 3 presents the mean values of semen
characteristics depending on the age of the rams. As
shown in Table 3, ejaculate volume, sperm motility, and
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Table 3. Mean * SE semen characteristics of male lambs depending on age.

Age of rams Ejaculate volume Sperm concentration Motility Live spermatozoa Abnormal sperm Season
(months) (mL) (x 10°mL) (%) (%) (%) (months)
9 1.01° £ 0.15 2.04 +£0.26 60.14 + 4.84 68.80 + 2.73 10.60% + 1.38 December
11 1.06° £ 0.16 1.84 £0.39 69.45 + 4.28 73.80° £ 2.72 8.71°+1.42 February
13 1.71* £ 0.19 2.51£0.41 70.88 £2.78 86.90° £ 2.08 5.70° +1.17 April

15 1.70* £ 0.23 2.28 £0.37 66.19 £2.29 76.10° + 3.38 13.85* £ 3.04 June

17 1.40°+ 0.17 2.76 £ 0.36 70.85 £ 3.39 85.10° + 3.57 9.00* + 1.36 August

*b; means with different superscripts differ significantly at P < 0.05.

percentage of live spermatozoa in the ejaculate increased
with age. Linear increase was observed from the 9th to the
13th month of age, followed by a pause or decrease at the
age of 15 months, only to increase again at the age of 17
months. Abnormal forms of spermatozoa in the ejaculate
decreased with age, also linearly, from 9 to 13 months, and
then varied in the last 2 months of testing.

The correlations between the level of testosterone,
scrotal circumference, and body weight of rams are
presented in Table 4. A moderately positive correlation
was found between the testosterone level and scrotal
circumference (r = 0.52; P < 0.01). Moreover, there was
a moderately positive correlation between the serum
testosterone levels and the body weight of rams (r = 0.40)
and a highly positive correlation between body weight and
scrotal circumference (r = 0.81; P < 0.01).

All parameters of semen quality were poorly correlated
with testosterone concentration and body mass (P > 0.05)
except live spermatozoa (r = 0.26; P < 0.05). Moderate
correlations were found between ejaculate volume and
scrotal circumference (r = 0.34; P < 0.01) and between live
sperm count and scrotal circumference (r =0.31; P < 0.01);
the other sperm parameters were poorly correlated with
scrotal circumference (P > 0.05).

4. Discussion

Testosterone is a key mediator in the expression of
numerous morphological and behavioral traits in
mammals, but the factors underlying individual variation
in circulating testosterone levels are poorly understood (5).
The level of testosterone in the blood circulation of rams
varies by breed, age, nutrition, season, and manifestations
of estrus in ewes (14,15). The present study showed a
significant correlation between the testosterone level in the
blood serum of rams and their age, with a high variability
in the testosterone level (CV of 30.91% to 100.64%). The
variable character of testosterone levels in the blood of
rams and the significant effect of age between 2 and 14
months were established in research conducted by Elmaz
et al. (11), with the lowest values recorded between the
ages of 80 and 100 days, and the highest values between
the ages of 260 and 300 days. Moreover, the obtained
results were confirmed in earlier studies by Wilson and
Lapwood (16) and Ungerfeld and Gonzalez-Pensado (17),
showing an increase in the testosterone level with age as
well as fluctuations in the determined values. Preston et al.
(5) reported that the production of testosterone changed
during the life of rams, with increasing levels of hormones
from birth until they reach full sexual maturity and a
decrease thereafter.

Table 4. Coefficients of correlations (r) between testosterone levels, scrotal circumference, body weight of rams, and semen characteristics.

Parameters T SC BW EV C MOT AS LS

T 0.52** 0.40** 0.03™ 0.15" 0.19" -0.15™ 0.26*
SC 0.81** 0.34** 0.14" 0.11" -0.01" 0.31**
BW 0.24* -0.05" -0.16™ 0.13" 0.24%

*P < 0.05; **P < 0.01; ns — not significant.

T - testosterone; SC - scrotal circumference; BW - body weight; EV - ejaculate volume; C — sperm concentration; MOT - motility;

AS - abnormal sperm; LS - live sperm.
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Testicular size is often used to assess the fertility of
rams and as the basis of livestock selection for breeding.
Generally, morphometric properties of testes are readily
measurable, both in young and adult animals. Our
results showed a significant effect of age on scrotal
circumference, which were in accordance with results
obtained by Salhab et al. (18) and Elmaz et al. (11). The
scrotal circumference in rams may be influenced by many
factors, and is usually highest during the natural breeding
season, which is associated with the impact of the length of
the photoperiod on neurohormonal complex mechanisms
that regulate reproductive function. Although the present
study did not show pronounced seasonal fluctuations, the
recorded reduction of the scrotal circumference during
the winter months was in line with the findings of Gastel
et al. (9) and Kafi et al. (10) on the smallest value of scrotal
circumference of rams during the winter.

Body weight is one of the common production
indicators that are regularly measured in order to monitor
and assess the various aspects of production. It is also one of
the most commonly used selection criteria; it is considered
that reaching sexual maturity in rams is more conditioned
by body development than by chronological age (19,20).
There are no literature data on the physical development
of MIS rams during the examination period, but a similar
linear trend of increasing body weight of rams with age,
as found in our study, was reported by Elmaz et al. (11) in
the study of the development of rams from 2 to 14 months
of age.

Salhab etal. (21) and Kridli et al. (14) earlier pointed out
that semen characteristics improved with age. However,
other studies such as that of Tabaa et al. (22) showed that
age is not a reliable predictor of sperm production. In our
study, it was observed that the volume of ejaculate, sperm
motility, and the percentage of live spermatozoa in the
ejaculate increased with age, while abnormal forms of
spermatozoa in the ejaculate decreased. A similar trend in
the values of sperm parameters was found by Elmaz et al.
(11).

A moderately positive correlation was determined
between the testosterone level and scrotal circumference
(r=0.52; P <0.01). A moderate and significant correlation
(r = 0.45) between these parameters in rams aged 2 to
14 months was confirmed in a study by Elmaz et al.
(11). Fourie et al. (23) established a weak correlation
between scrotal circumference and testosterone levels
in rams aged 10 to 12 months (r = 0.23), but stated that
the established relationship was significant. Preston et
al. (5) found that the variation in the size of the testicles
is a powerful predictor of testosterone levels during the
mating season. It is possible that bigger testes contain
more androgen producing tissues (Leydig cells) or higher
testosterone levels stimulate the growth and development
of spermatogenic tissues, which affect the size of the testes.

In contrast to these findings and the values determined in
our study, Schoeman et al. (24) and Greyling and Taylor
(25) failed to establish a significant correlation between
these parameters.

Our study showed a significant, moderately positive
correlation between the serum testosterone levels and
the body weight of rams (r = 0.40). This value is identical
to the value of the correlation coefficient determined for
the same properties by Elmaz et al. (11) (r = 0.40). A
moderately positive correlation between these parameters
(r =0.30; P < 0.05) was reported in a study by Greyling et
al. (26). A much stronger relationship with a correlation
coefficient of up to 0.95 (P < 0.0001) was found by Zarkawi
and Salhab (27) in male lambs during the first 10 months
of life. In contrast to these results, Fourie et al. (23) failed
to establish any relationship between the body weight of
rams and their testosterone levels (r = -0.05).

Various studies have suggested that the scrotal
circumference is strongly positively correlated with the
body weight of animals at different ages (11,28). In the
present study, a highly positive correlation between body
weight and scrotal circumference of rams was determined
(P < 0.01). The correlation coefficient value was 0.81.
The results of the present study clearly show a strong
positive relationship between body weight and scrotal
circumference; our results are in contrast with reports by
Gastel et al. (9) and Kafi et al. (10), who found no relation
between these traits.

Many authors have presented observations regarding
sperm production and its quality in terms of correlations
with testicular size and plasma testosterone levels (8,29,30).
However, in our study all parameters of semen quality
were poorly correlated with testosterone concentration
and body weight, while scrotal circumference was in
moderate correlation only with ejaculate volume and live
sperm count. Although there is a structural and functional
integration of testicular production of testosterone and
sperm that causes the testosterone-dependent nature
of spermatogenesis, there are still open questions
concerning the precise level of testosterone required for
the maintenance of normal spermatogenesis.

In conclusion, these findings show the variable
character of serum testosterone caused by various internal
and external factors. There is an indisputable relationship
between serum testosterone level, scrotal circumference,
and body weight, while semen characteristics were
poorly to moderately correlated with these parameters.
Therefore, scrotal measurements and body weight cannot
be used as reliable predictors of sperm production and the
link between testosterone and sperm quality should be
investigated from the viewpoint of the minimum levels of
androgen required for normal spermatogenesis. Based on
the results of the present study, we can conclude that the
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rams of the MIS sheep population are completely mature
at the age of 12-13 months and can be used for breeding
and conservation purposes.

References

1.

10.

11.

12.

13.

58

Petrovi¢ PM. Mis Sheep: Creation of Meaty Sheep Breed. 1st
ed. Serbia, Belgrade: Institute for Animal Husbandry; 2006 (in
Serbian with an English summary).

Petrovi¢ PM, Caro-Petrovi¢ V, Ili¢ ZZ, Ruzi¢-Musli¢ D,
Milenkovi¢ VM, Milosevi¢ B, Grcak D. Features of the new
breed of sheep in Serbia called Mis sheep. 1. Reproductive
characteristics and body development. Veterinarija Ir
Zootechnika 2013; 64: 70-75.

Paérez-Clariget R, Baermudez J, Andersson H, Burgueno J.
Influence of nutrition on testicular growth in Corriedale rams
during spring. Reprod Nutr Dev 1998; 38: 529-538.

McLachlan RI, Wreford NG, Robertson DM, Dekretser DM.
Hormonal control of spermatogenesis. Trends Endocrine Met
1995; 6: 95-101.

Preston TB, Stevenson RI, Lincoln AG, Monfort LS, Pilkington
GJ, Wilson K. Testes size, testosterone production and
reproductive behaviour in a natural mammalian mating
system. ] Anim Ecol 2012; 81: 296-305.

Pelletier F, Bauman J, Festa-Bianchet M. Fecal testosterone in
bighorn sheep (Ovis canadensis): behavioural and endocrine
correlates. Can J Zool 2003; 81: 1678-1684.

Broom DM, Fraser AF. Domestic Animal Behaviour and
Welfare. Wallingford, UK: CAB International; 2007.

Rege OEJ, Toe F, Mukasa-Mugerwa E, Tembely S, Anindo
D, Baker LR, Lahlou-Kassi A. Reproductive characteristics
of Ethiopian highland sheep. II: Genetic parameters of
semen characteristics and their relationship with testicular
measurements in ram lambs. Small Rum Res 2000; 37: 173-
187.

Gastel T, Bielli A, Perez R, Lopez A, Castrillejo A, Tagle R,
Franco ], Laborde D, Forsberg M, Rodriguez-Martinez H.
Seasonal variations in testicular morphology in Uruguayan
Corriedale rams. Anim Reprod Sci 1995; 40: 59-75.

Kafi M, Safdarian M, Hashemi M. Seasonal variation in semen
characteristics, scrotal circumference and libido of Persian
Karakul rams. Small Rum Res 2004; 53: 133-139.

Elmaz O, Cirit U, Demir H. Relationship of testicular
development with age, body weight, semen characteristics and
testosterone in Kivircik ram lambs. S Afr ] Anim Sci 2007; 37:
269-274.

Amann PR, Schanbacher DB. Physiology of Male
Reproduction. Lincoln, NE, USA: Publications from USDA-
ARS/UNL Faculty; 1983.

Andersson M. Sexual Selection. Princeton, NJ, USA: Princeton
University Press; 1994.

Acknowledgment
This research was financed by the Ministry of Education
and Science of Republic of Serbia, project TR 3105.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kridli TR, Abdullah YA, Shaker MM, Al-Momani QA. Age at
puberty and some biological parameters of Awassi and its first
crosses with Charollais and Romanov rams. Ital ] Anim Sci
2006; 5: 193-202.

Walkden-Brown WS, Martin BG, Restall JB. Role of male-
female interaction in regulating reproduction in sheep and
goats. ] Reprod Fert Suppl 1999; 52: 243-257.

Wilson PR, Lapwood KR. Studies of reproductive development
in Romney rams: basal levels and plasma profiles of LH,
testosterone and prolactin. Biol Reprod 1979; 20: 965-970.

Ungerfeld R, Gonzalez-Pensado PS. Social rank affects
reproductive development in male lambs. Anim Reprod Sci
2008; 109: 161-171.

Salhab SA, Zarkawi M, Wardeh FM, Al-Masri RM, Kassem
R. Development of testicular dimensions and size, and their
relationship to age, body weight and parental size in growing
Awassi ram lambs. Small Rum Res 2001; 40: 187-191.

Dyrmundsson OR. Puberty and early reproductive
performance in sheep. IT Ram lambs. Anim Breed Abstr 1973;
41: 419-430.

Belibasaki S, Kouimtzis S. Sexual activity and body and
testis growth in prepubertal ram lambs of Friesland, Chios,
Karagouniki and Serres dairy sheep in Greece. Small Rum Res
2000; 37: 109-113.

Salhab SA, Zarkawi M, Wardeh MF, Al-Masri MR, Kassem R.
Characterization and evaluation of semen in growing Awassi
ram lambs. Trop Anim Health Pro 2003; 35: 455-463.

Tabbaa JM, Kridli TR, Amashe GM, Barakeh SF. Factors
affecting scrotal circumference and semen characteristics of
Awassi rams. Jordan Journal of Agricultural Sciences 2006; 2:
243-249.

Fourie JP, Schwalbach ML, Neser CWE, Greyling CP]J.
Relationship between body measurements and
testosterone levels of Dorper rams. Small Rum Res 2005; 56:
75-80.

serum

Schoeman §J, Els HC, Combrink GC. A preliminary
investigation into the use of testis size in cross-bred rams as
a selection index for ovulation rate in female relatives. S Afr |
Anim Sci 1987; 18: 144-147.

Greyling JPC, Taylor GJ. The effect of the anabolic agent,
nandrolone laurate, on certain production and reproduction
parameters in ram lambs, under intensive and extensive
feeding regimes. S Afr ] Anim Sci 1999; 29: 179-188.

Greyling JPC, Kotze WE, Taylor GJ, Hagendijk WJ. Effect of an
anabolic steroid on body measurements in ram lambs. Small
Rum Res 1993; 11: 351-357.


http://dx.doi.org/10.1051/rnd:19980505
http://dx.doi.org/10.1051/rnd:19980505
http://dx.doi.org/10.1051/rnd:19980505
http://dx.doi.org/10.1016/1043-2760(94)00215-P
http://dx.doi.org/10.1016/1043-2760(94)00215-P
http://dx.doi.org/10.1016/1043-2760(94)00215-P
http://dx.doi.org/10.1111/j.1365-2656.2011.01907.x
http://dx.doi.org/10.1111/j.1365-2656.2011.01907.x
http://dx.doi.org/10.1111/j.1365-2656.2011.01907.x
http://dx.doi.org/10.1111/j.1365-2656.2011.01907.x
http://dx.doi.org/10.1139/z03-156
http://dx.doi.org/10.1139/z03-156
http://dx.doi.org/10.1139/z03-156
http://dx.doi.org/10.1079/9781845932879.0000
http://dx.doi.org/10.1079/9781845932879.0000
http://dx.doi.org/10.1016/S0921-4488(00)00140-1
http://dx.doi.org/10.1016/S0921-4488(00)00140-1
http://dx.doi.org/10.1016/S0921-4488(00)00140-1
http://dx.doi.org/10.1016/S0921-4488(00)00140-1
http://dx.doi.org/10.1016/S0921-4488(00)00140-1
http://dx.doi.org/10.1016/S0921-4488(00)00140-1
http://dx.doi.org/10.1016/0378-4320(95)01402-L
http://dx.doi.org/10.1016/0378-4320(95)01402-L
http://dx.doi.org/10.1016/0378-4320(95)01402-L
http://dx.doi.org/10.1016/0378-4320(95)01402-L
http://dx.doi.org/10.1016/j.smallrumres.2003.07.007
http://dx.doi.org/10.1016/j.smallrumres.2003.07.007
http://dx.doi.org/10.1016/j.smallrumres.2003.07.007
http://dx.doi.org/10.1016/0169-5347(96)81042-1
http://dx.doi.org/10.1016/0169-5347(96)81042-1
http://dx.doi.org/10.1095/biolreprod20.4.965
http://dx.doi.org/10.1095/biolreprod20.4.965
http://dx.doi.org/10.1095/biolreprod20.4.965
http://dx.doi.org/10.1016/j.anireprosci.2007.12.006
http://dx.doi.org/10.1016/j.anireprosci.2007.12.006
http://dx.doi.org/10.1016/j.anireprosci.2007.12.006
http://dx.doi.org/10.1016/S0921-4488(00)00224-8
http://dx.doi.org/10.1016/S0921-4488(00)00224-8
http://dx.doi.org/10.1016/S0921-4488(00)00224-8
http://dx.doi.org/10.1016/S0921-4488(00)00224-8
http://dx.doi.org/10.1016/S0921-4488(99)00131-5
http://dx.doi.org/10.1016/S0921-4488(99)00131-5
http://dx.doi.org/10.1016/S0921-4488(99)00131-5
http://dx.doi.org/10.1016/S0921-4488(99)00131-5
http://dx.doi.org/10.1023/A:1025823730733
http://dx.doi.org/10.1023/A:1025823730733
http://dx.doi.org/10.1023/A:1025823730733
http://dx.doi.org/10.1016/j.smallrumres.2004.02.015
http://dx.doi.org/10.1016/j.smallrumres.2004.02.015
http://dx.doi.org/10.1016/j.smallrumres.2004.02.015
http://dx.doi.org/10.1016/j.smallrumres.2004.02.015
http://dx.doi.org/10.1016/0921-4488(93)90006-4
http://dx.doi.org/10.1016/0921-4488(93)90006-4
http://dx.doi.org/10.1016/0921-4488(93)90006-4

27.

28.

MAKSIMOVIC et al. / Turk ] Vet Anim Sci

Zarkawi M, Salhab S. Factors affecting serum testosterone
levels in Syrian Awassi ram lambs. Aalam Al-Zarra 2008; 114:
62.

Duguma G, Cloete PWS, Schoeman JS, Jordaan FG. Genetic
parameters of testicular measurements in Merino rams and the
influence of scrotal circumference on total flock fertility. S Afr
J Anim Sci 2002; 32: 76-82.

29.

30.

Theukwumere CE, Ndubisi CE, Abu HA. Effect of clomiphene
citrate (Clomid®) fertility drug on sperm production rate,
gonadal and extragonadal sperm reserves of Nigerian Yankasa
rams. ] Anim Vet Adv 2008; 7: 633-637.

Kishk HW. Interrelationship between ram plasma testosterone
level and some semen characteristics. Slovak ] Anim Sci 2008;
41: 67-71.

59


http://dx.doi.org/10.4314/sajas.v32i2.3748
http://dx.doi.org/10.4314/sajas.v32i2.3748
http://dx.doi.org/10.4314/sajas.v32i2.3748
http://dx.doi.org/10.4314/sajas.v32i2.3748

