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of age, and the effects of breed, birth type, dam age, and lamb age were evaluated with
a linear mixed-effects model. The results showed statistically significant differences
between breeds in many morphometric traits and some testicular measurements, with
CMS lambs generally having higher values. Single-born lambs had higher values in both
body and testicular size compared to twin-born lambs. The effect of dam age was limited,
while lamb age had a pronounced and significant impact on both body and testicular
size. Additionally, positive and generally strong correlations were found among body
measurements, testicular measurements, and body weight. In particular, the relationship
between scrotal circumference and testicular volume was very strong. In conclusion,
early-life measurements of body and testicular traits can be considered reliable indicators
for the selection of breeding males, and these traits may be effectively used in sheep
breeding programmes.
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INTRODUCTION

Sheep husbandry is a significant branch of animal production worldwide, providing meat, milk, wool and hides (Agrawal et
al.,, 2024). In countries such as Tiirkiye, where small ruminant farming is prevalent, sheep breeding holds strategic
importance for both its economic value and the sustainability of genetic resources. In addition to females, males play a
crucial role in improving herd productivity. As a single male can inseminate many females, the reproductive capacity of
males influences genetic progress at the herd level (Maquivar et al., 2021). Therefore, identifying reliable selection criteria
at an early age is essential for the efficiency of sheep breeding programmes. Testicular morphometry, including
measurements such as testicular diameter, testicular length, scrotal circumference, scrotal length, and testicular volume, is
considered a practical and applicable indicator for the early evaluation of male reproductive potential (Koyuncu ez al., 2005a;
Nassar and Alobaidi, 2024). The ease of measuring testicular traits under field conditions and their applicability at an early
age make these characteristics advantageous for breeding selection (Oztiirk et al., 1995). There is evidence of a relationship
between testis size and both sperm production capacity and hormonal activity; in particular, testosterone plays a significant
role in spermatogenesis and musculoskeletal development (Peralta et al., 1994; Gofur et al., 2014). This suggests that
testicular development may serve as an indicator of both reproductive and overall growth performance. Accordingly,
testicular traits such as testicular diameter, testicular length, scrotal circumference, scrotal length, and testicular volume
significantly affect growth-related parameters, including body weight, withers height, rump height, body length, chest depth,
and chest girth. In small ruminants, positive and significant relationships between body weight and testicular measurements
have generally been reported (Koyuncu et al., 2005b; Sari et al., 2013). Similarly, strong associations between body weight
and testicular traits have been documented, and early-age measurements have been highlighted as valuable for selection
purposes (Durmus and Celik Giiney, 2025a; Durmus and Celik Giiney, 2025b). However, testicular development is
influenced not only by age and body weight but also by factors such as birth type, dam age, and other maternal effects
(Koyuncu et al., 2005b; Durmus & Celik Giiney, 2025a). Studies that simultaneously examine the relationships between
testicular traits, body weight, and morphometric characteristics, as well as compare these traits across breeds, are limited.
The Cukurova meat sheep (CMS), a crossbred genotype primarily developed for meat production, and the Awassi sheep, an
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important indigenous breed known for its combined milk and meat production, represent two genotypes with distinct
production purposes. A comparative evaluation of morphometric and testicular development in male lambs of these breeds
is important for revealing breed differences and for developing early selection criteria for breeding males. In particular, the
combined evaluation of factors such as breed, birth type, dam age, and lamb age may contribute to a more accurate prediction
of reproductive potential.

The aim of this study was to investigate morphometric and testicular traits in male lambs of the CMS and Awassi breeds,
and to determine how these traits vary according to breed and maternal factors such as birth type, dam age, and lamb age.
The results are expected to contribute to the development of scientifically based criteria for the early selection of breeding
males and to enhance the efficiency of sheep breeding programmes.

MATERIALS AND METHODS

Experiment area

The present study was conducted in the eastern Mediterranean region, where subtropical climatic conditions prevail. The
province of Adana, where the study was conducted, is located in the Mediterranean region at 37° north latitude, 35° east
longitude, and 40 metres above sea level. Summers in the region are hot and dry, while winters are warm and rainy. The
annual average humidity is 66%, and the prevailing winds come from the north and south. Due to seasonal pressure
differences, the winds can blow from both directions. However, in summer they generally blow from the south and
southwest, and in winter from the north.

Animals, study design and diet

In the study, 36 male lambs (18 Awassi, 18 CMS) were used, obtained from Awassi and CMS (3/8 Rambouillet x 3/8 Ile de
France x 1/8 Awassi x 1/8 Sakiz) raised at Cukurova University, Faculty of Agriculture, Small Ruminant Breeding Research
and Application Unit, Adana, Tiirkiye. Seven lambs were from two-year-old dams, seven were from three-year-old dams,
12 were from four-year-old dams and 10 were obtained from dams five or more years old. 17 of the lambs were single, and
19 were twins. The lambs were weaned according to standard farm routines. They received sufficient colostrum during the
first few days after birth, remained with their dams until one month of age, and began consuming roughage and concentrates
from the second week onwards. At one month old, the lambs were separated from their dams during the day and reunited
overnight after evening milking. At 1.5 months, they were allowed to stay with their dams for two hours after both morning
and evening milking. At two months of age, the lambs were completely weaned. From the second week onwards, the lambs
were fed concentrated feed containing 90.43% dry matter, 18.09% crude protein, and 2400 kcal/kg energy, as well as alfalfa
hay (90.03% dry matter, 11.93% crude protein) and corn silage (36.06% dry matter, 6.20% crude protein) as roughage.

Measurements and analytical methods

Body weight, body measurements (withers height, rump height, body length, chest depth, chest girth, chest width, rump
width), and testicular measurements (testicular diameter, testicular length, scrotal circumference, scrotal length, scrotal
volume, testicular volume) in kids were recorded monthly from 1 to 4 months of age. Body weight (BW) was measured at
one, two, three, and four months by individual weighing with a digital scale (TEM, EKO-600) accurate to 50 g on the same
day. Withers height, rump height, body length, and chest depth were measured with a measuring stick, and chest girth with
a measuring tape. Testicular diameter and testicular length were measured with a calliper, scrotal circumference and scrotal
length with a tape, and scrotal volume with a measuring container. Testicular volume was determined according to Godfrey
et al. (1998). Body and testicular measurements were taken as follows. Withers height (WH, cm): the vertical distance
between the highest point of the withers and ground level. Rump height (RH, cm): the vertical distance between the highest
point of the rump and ground level. Body length (BL, cm): the distance between the tip of the shoulder and the tip of the hip
bone. Chest depth (CD, cm): the vertical distance between the highest point of the withers and the sternum. Chest girth (CG,
cm): the length of a 360° circumference measured from the back of the withers above the sternum. Chest width (CW, cm):
the distance between the two shoulder bone protrusions. Rump width (RW, cm): the distance between the two rump bone
protrusions. Testicular diameter (TD, cm): the distance between the widest part of each testicle. Testicular length (TL, cm):
the distance between the tip of the testis and the epididymis. Scrotal circumference (SC, cm): the circumference of a pair of
testicles at the widest point. Scrotal length (SL, cm): the distance from the point where the scrotum joins the inguinal region
to the tip. Scrotal volume (SV, cm?®): the amount of water displaced by the testis from a measuring container. Testicular
volume (TV, cm?): 0.0396 x (average testis length) % (scrotal circumference)?.

Statistical analysis

In this study, a linear mixed-effects model was used to evaluate the effects of breed, birth type, dam age, and lamb age on
body weight, body measurements, and testicular measurements. The general model was as follows:

Yijum=p+Bit Dit Tit Artum€ijiam

Where Yijm is observed value of the measurements under study, p is overall mean, B;is effect of breed, D; is effect of dam
age, Ty is effect of birth type, A;is effect of lamb age, un is effect of animal identity, €jim is error term. Breed, dam age,
birth type, and lamb age were included as fixed effects, while animal identity was included as a random effect to account for
repeated measurements collected from the same animal over time. Only the main effects were included in the model;
interaction terms among the fixed effects were not evaluated. All statistical analyses and visualisations were performed using
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R software (R Core Team, 2025). The ImerTest package (Kuznetsova et al., 2017) in R was used to construct the linear
mixed-effects model. Least-squares means (LSMeans; estimated marginal means) were calculated, and differences among
groups were determined using Tukey’s multiple comparison test with the emmeans package (Lenth and Piaskowski, 2026).
Repeated measures correlation was used to evaluate the relationships among body measurements, testicular measurements,
and body weight with the rmcorr package (Bakdash and Marusich, 2024). The reshape2 (Wickham, 2007) and ggplot2
(Wickham, 2016) packages were used to generate the heatmap.

RESULTS AND DISCUSSION

Least squares means (LSMeans) + standard errors (SE) of body weight and body measurements are presented in Table 1.
The mean body weight was 14.4 + 0.522 kg for Awassi and 16.4 + 0.533 kg for CMS. The analysis showed a statistically
significant difference in body weight between breeds (p < 0.05), with CMS having a higher body weight than Awassi. The
greater body weight observed in CMS lambs reflects the selection history of this genotype for meat production. However,
body weight is influenced not only by genetic factors but also by nutrition, environmental conditions, and management
practices. A statistically significant difference in body weight was also found between birth types (p < 0.05), with single-
born lambs having higher body weights than twins. No significant difference in body weight was observed among dam age
groups (p > 0.05). Significant differences in body weight were observed among lamb age groups (p < 0.001). According to
the post hoc test, all pairwise comparisons between lamb age groups were statistically significant. This finding indicates that
growth progresses as a time-dependent biological process, with age exerting a more dominant effect on growth than other
factors. However, growth is not determined solely by age, as genetic background and environmental conditions also play
significant roles in shaping this process. The effects of breed on withers height, rump height, body length, and chest width
were significant (p < 0.05 or p < 0.01). The CMS breed has greater withers height, rump height, body length, chest width,
rump width, and chest girth compared to the Awassi breed. The effects of breed on chest depth, rump width, and chest girth
were not significant (p > 0.05). In this study, the higher values for withers height, body length, and chest girth observed in
CMS lambs compared to Awassi lambs are consistent with the growth-oriented breeding history of this genotype. The
presence of more advanced morphometric traits at early ages in meat-type or dual-purpose sheep genotypes can be
interpreted as an early phenotypic expression of their growth potential. This finding indicates that genetic selection plays a
decisive role not only in growth performance but also in body composition and developmental rate. Indeed, it has been
reported that body and testicular traits may vary significantly among different genotypes, and these differences are largely
attributable to genetic background (Agga ef al., 2010; Celik ef al., 2017). In this context, current findings suggest that the
CMS genotype has an early developmental advantage and that certain body measurements have strong potential for use in
breeding selection on farms.

The effects of birth type on body measurements were not significant (p > 0.05). However, the numerically superior body
measurements observed in single-born lambs can be attributed to reduced intrauterine competition during the prenatal period
and more favourable nutritional conditions postnatally. However, this early advantage may diminish over time depending
on environmental conditions and feeding management. Therefore, birth type should be considered not only as a determinant
of growth performance but also as an important factor in herd management and nutritional strategies. The effects of dam age
on body measurements were not significant (p > 0.05). This may be due to the multifactorial nature of growth and
reproductive development, where nutritional and environmental factors exert more pronounced effects (Ghorbankhani et al.,
2015; Martinez et al., 2012). Significant differences were observed among lamb age groups for all body measurements (p <
0.001). According to the post hoc test, all pairwise comparisons between lamb age groups were statistically significant,
except for body length. Body length differed significantly between ages 1-2, 1-4, 2-3, 2—4, and 3—4. The significant increase
in all body measurements with advancing lamb age indicates that age is a primary determinant of growth. This finding is
consistent with previous studies reporting that morphometric development and body weight increase proportionally with age
(Koyuncu et al., 2005a; Koyuncu et al., 2005b; Raji et al., 2008; Sar1 et al., 2013; Patni ef al., 2016; Kerketta et al., 2015).
Nevertheless, growth is not solely dependent on age; it is also closely associated with metabolic and physiological
development, with body weight being a more robust indicator in this process (Koyuncu et al., 2005a; Koyuncu et al., 2005b).
This highlights the necessity of considering multiple parameters simultaneously when evaluating growth performance.

Least squares means (LSMeans) + standard errors (SE) of testicular measurements are presented in Table 2. The effect of
breed on testicular diameter and testicular volume was significant (p < 0.05). In the present study, the higher testicular
measurements observed in CMS lambs compared to Awassi lambs indicate that genotype influences both growth and
reproductive development. This finding supports the view that genetic background is directly associated with reproductive
capacity. Previous studies on different sheep breeds have shown that testicular size is influenced by genetic factors and may
vary significantly among breeds (Koyuncu et al, 2005b; Agga et al., 2010). From this perspective, the testicular
measurements in CMS lambs may be interpreted as an indicator of greater spermatogenic capacity in later stages of
development. The effects of birth type on testicular measurements were significant for testicular diameter and testicular
length (p < 0.05 or p <0.01).

Testicular measurements in single births are generally higher than in twin births. The larger testicular size observed in single-
born lambs, as with body measurements, can be attributed to reduced intrauterine competition during the prenatal period and
more favourable feeding conditions after birth. The effects of dam age on testicular measurements were not significant (p >
0.05). Significant differences were observed among lamb age groups for all testicular measurements (p < 0.001). According
to Tukey's multiple comparison results, testicular diameter, testicular length, scrotal circumference, scrotal length, scrotal
volume, and testicular volume differed significantly in all pairwise lamb age group comparisons. The progressive increase
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in testicular measurements with advancing age suggests that postnatal testicular development is rapid during early life.
Several studies have shown that testicular measurements increase with age and progress in parallel with overall growth (Patni
et al., 2016; Kerketta ef al., 2015).

Table 1. LSMeans = SE for body weight and body measurements.

Factors BW WH RH CD BL CwW RW CG
Awassi 14.4+0.522 50.0+0.660 49.9+0.614 18.2+0.325 39.9+0.724 9.59+0.216 10.3+0.238 50.6+0.964
Breed CMS 16.4+0.533 52.1+0.673 52.4+0.626 18.1£0.331 42.1+0.738 10.35+0.220 11.0+0.243 51.0+0.982
* * *K NS * * NS NS
Birth Single 16.3+0.567 51.8+0.716 51.9£0.667 18.4+0.353 42.1+0.786 10.05+0.235 11.0+£0.259 51.4+1.050
type Twin 14.5+0.505 50.3+0.638 50.3£0.594 17.9+0.314 40.0+0.699 9.89+0.209 10.4+0.231 50.2+0.931
* NS NS NS NS NS NS NS
2 14.6+0.876 50.2+1.110 50.8+1.030 17.8+0.545 40.5+1.210 9.68+0.362 10.3+0.400 49.7+1.62
Dam age 3 15.8+0.821 52.2+1.040 52.0+0.966 18.8+0.510 42.6+1.140 10.68+0.339 11.6+0.375 53.0£1.51
(year) 4 15.5+0.625 50.4+0.789 50.8+0.735 17.8+0.388 40.3+0.866 9.74+0.258 10.3+0.285 49.9+1.15
>5 15.7£0.676 51.3£0.854 50.9£0.795 18.2+0.420 40.6+0.936 9.78+0.280 10.5+0.309 50.7£1.25
NS NS NS NS NS NS NS NS
1 10.2+0.403 46.8+0.524 46.4+0.51 15.6+0.253 39.0+0.61 8.68+0.177 9.36+0.18 43.8+0.727
Lamb 2 14.0+0.403 51.2+0.524 51.5+0.51 17.6+0.253 39.6+0.61 9.63+0.177 10.18+0.18 48.9+0.727
?r%leonth) 3 17.1+0.403 52.4+0.524 52.7+£0.51 19.0£0.253 41.7+0.61 10.40+0.177 11.12+0.18 53.1£0.727
4 20.4+0.403 53.7+0.524 53.9+0.51 20.4+0.253 43.8+0.61 11.17+0.177 12.06+0.18 57.4+0.727

okok kskok sk ok 3k ok sk k kokock kskok 3k ok

CMS: Cukurova Meat Sheep, BW: Body weight, WH: Withers Height, RH: Rump Height, CD: Chest Depth, BL: Body Length, CW: Chest Width, RW:
Rump Width, CG: Chest Girth, *: p<0.05, **:p<0.01, ***:p<0.001.

In the present study, the increase in scrotal circumference with age further supports the progression of testicular development.
However, it is well established that testicular measurements alone are not sufficient to fully explain fertility. Reproductive
performance is a multifactorial trait influenced by the interaction of hormonal balance, environmental conditions, nutritional
status, and seasonal variations. Indeed, testosterone levels, seasonal changes, and feeding conditions have been reported to
play critical roles in testicular development and semen quality (Zamiri ef al., 2010; Maurya et al., 2010; Sarlos et al., 2013).
This highlights the necessity of evaluating testicular measurements alongside other physiological parameters.

Table 2. LSMeans = SE for testicular measurements.

Factors TD TL SC SL NY% TV
Awassi 1.44+0.051 4.02+0.120 9.93+0.331 71.0£2.13 5734337 17.451.57
Breed CMS 1.63+0.052 437+0.123 10.87+0.337 71.442.17 5704343 22.4+1.60
* NS NS NS NS *
Single 1.6740.055 4.44+0.131 10.6+0.359 7354231 56.9+3.66 21.6+1.70
Birth type Twin 1.40+0.049 3.96+0.116 10.2+0.320 68.9+2.06 57.6+3.25 18.2+1.52
o * NS NS NS NS
2 1.69+0.086 426+0.202 10.1+0.555 69.8+3.57 53.145.65 18.9+2.63
Dam age 1.50+0.080 439+0.189 10.8+0.520 76.0+43.35 64.8+5.29 22.8+2.46
(vear) 4 1.44+0.061 3.96+0.144 10.4+0.396 67.6+2.55 51.9+4.03 18.2+1.88
>5 1.51£0.066 4.19+0.156 10.3+0.428 71.442.76 50.0+4.36 19.742.03
NS NS NS NS NS NS
1 1.21+0.042 3.3120.095 8.50+0.259 56.3£1.79 30.3£2.95 10.2+1.3
Lamb age 2 1.45+0.042 4.0120.095 9.78+0.259 67.7£1.79 44.142.95 16.041.3
(month) 3 1.64+0.042 4.50£0.095 11.06£0.259 76.3£1.79 66.7+2.95 227413
4 1.83£0.042 4.97+0.095 12.26+0.259 84.5£1.79 87.8+2.95 30.8+1.3
e rrre P P e e

CMS: Cukurova Meat Sheep, TD: Testicular Diameter, TL: Testicular Length, SC: Scrotal Circumference, SL: Scrotal Length, SV: Scrotal Volume, TV:
Testicular Volume, *: p<0.05, **:p<0.01, ***:p<0.001, NS: Not Significant.

The correlation heat map showing the relationships among body measurements, testicular measurements, and body weight
is presented in Figure 1. Positive and generally strong correlations are found between all body measurements, testicular
measurements, and body weight in Figure 1. Celikyiirek (2022) reported positive and generally strong correlations between
all body measurements, testicular measurements, and body weight in Norduz lambs (P < 0.001).
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In this study, the highest correlation was observed between withers height and rump height (r = 0.94). The correlation
coefficients between testicular measurements ranged from 0.76 to 0.96, with the highest correlation between scrotal
circumference and testicular volume (r = 0.96). Farid ef al. (2022) reported the relationship between scrotal circumference
and testicular volume in Tazegzawt male lambs as 0.97. Scrotal circumference is widely recognised as one of the most
reliable indicators of testicular development. It has been reported to be closely associated with testicular weight and sperm
production capacity, and thus serves as a practical criterion in the selection of breeding males (Agga ef al., 2010; Yakubu
and Musa-Azara, 2013). Moreover, the strong correlations between scrotal circumference and other testicular parameters
enhance its applicability under field conditions. Therefore, measuring scrotal circumference at an early age may provide
significant advantages in breeding selection programmes.

In addition, a strong relationship was observed between body weight and body measurements (r = 0.68—0.94). The body
measurement most highly correlated with body weight is chest girth (Figure 1). Cakmakg1 (2022) reported that body weight
has the highest correlation with chest girth (r = 0.87) in Norduz sheep. Shabangu et al. (2025) found strong, positive
correlations between body weight and body measurements in male goats (r = 0.83—0.99). Kiros and Yeheyis (2024) reported
that high correlation coefficients between body weight and body measurements suggest that any one of these variables, or a
combination, may provide a good predictor for estimating the body weight of animals.

Testicular length has the highest correlation with body weight among testicular measurements (r = 0.89). The positive
relationship between body weight and testicular measurements has been widely reported in the literature (Koyuncu et al.,
2005a; Koyuncu ef al., 2005b; Agga et al., 2010; Yakubu and Musa-Azara, 2013; Sar1 ef al., 2013; Kerketta et al., 2015).
This relationship indicates that growth and gonadal development progress in parallel and are regulated by common
physiological mechanisms. In lambs, increases in body weight are accompanied by corresponding increases in testicular
diameter, testicular length, and scrotal circumference (Sart1 et al., 2013).

1 1 1 1 1 1 1 1 1 1 1 1 1 1
BW wWH RH CD BL CW RW CG TD TL SC SL S8V TV

Figure 1. Correlation heat map between body measurements, testicular measurements, and body weight.

Strong relationships between body weight and testicular measurements indicate that these traits can be effectively used in
breeding selection programmes (Yakubu and Musa-Azara, 2013). Animals that exhibit rapid growth at an early age are likely
to have higher reproductive potential, as lambs with greater body weight and more developed testicular measurements tend
to show improved reproductive performance later in life (Elmaz et al., 2008). In this context, the combined evaluation of
body weight, scrotal circumference, and testicular traits provides a practical and applicable approach for the early selection
of breeding males. However, as fertility is a multifactorial trait, assessments based solely on morphometric characteristics
may be insufficient. Therefore, incorporating additional parameters such as semen quality, hormonal profiles, and genetic
factors is expected to enhance selection accuracy and improve herd productivity.

CONCLUSION

This study demonstrated that breed, birth type, dam age, and lamb age are important factors influencing body weight,
morphometric traits, and testicular characteristics in male lambs. CMS lambs showed superior performance compared with
Awassi lambs in several body and testicular measurements, suggesting more advanced growth and testicular development
during the prepubertal period. Single-born lambs generally exhibited higher values than twin-born lambs, indicating that

636



Durmus and Celik Guney Int. J. Agric. Environ. Food Sci. 2026; 10(3): 632-638

birth type should be considered in breeding and management strategies. Among the factors examined, lamb age had the most
pronounced effect, with all body and testicular traits increasing significantly with age, highlighting the importance of
developmental stage when evaluating these parameters. The strong positive correlations observed among body
measurements, testicular traits, and body weight, particularly the high association between scrotal circumference and
testicular volume, suggest that these measurements may serve as practical indicators of growth and testicular development
in young lambs. However, because direct reproductive parameters such as semen quality, fertility, and hormonal profiles
were not evaluated, the relationship between these measurements and future reproductive performance should be interpreted
with caution. Overall, the findings indicate that early morphometric and testicular measurements may provide useful
information for the early evaluation of growth and developmental characteristics in male lambs. Further longitudinal studies
incorporating direct reproductive traits are needed to determine the extent to which these early-life measurements can predict
reproductive performance and breeding value in adulthood.
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