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Genetic and non-genetic features of female gender determination in 
Friesian calves as replacements under Egyptian farm conditions

Introduction

On dairy farms, herdsmen generally desire to have more female 
births to increase profits from more milk production and a large number 
of heifer replacements to ensure using the best of them to improve the 
genetic basis of the breeding stock. It was confirmed to be more essen-
tial for modern dairy herds to produce more females than males, since 
it is more necessary for milk production and herd replacement (Yilmaz 
et al., 2010; Sawa et al., 2014; Khan et al., 2015). Also, Khan et al. (2012); 
Hossein-Zadeh (2012) and Guta (2021) stated that altering the natural 
sex ratio in cattle is financially attractive since high female birth rates 
are advantageous and remain a main feature of economic magnitude in 
commercial dairy cattle production. Moreover, Khan et al. (2012) revealed 
that modifying the gender ratio can effectively improve genetic advance-
ment plans and selection efficiency.

The dairy industry, which values female birth, is interested in under-
standing the influence of various factors that determine the sex of calves 
(Hohenbrink and Meinecke-Tillmann, 2012). The findings of Demüral et 
al. (2007); Yilmaz et al. (2010) and Mahmoud et al. (2019) who discovered 
that the gender ratio was influenced by a variety of factors like season 
and climate (Roche et al., 2006a; Hossein-Zadeh, 2012), sire, damage, 
stress, the season of birth, year, lactation number, fecundation time, man-
agement situations, and residents’ demography. The associated factors 
for female birth are dietary management (Stolkowski and Choukroun, 
1981), body situation score plus parity (Roche et al., 2006b), and length of 
dry days (Metin- Kıyıcı et al., 2022). Furthermore, Kaygisiz and Vanli (2008) 
and Wata (2012) discovered that various variables, including strain, birth 
rate, cow age, parity, milk production, pregnancy timing, season, internal 
housing, weather, and herd management, can affect the determination of 

a calf’s sex. Moreover, Healy et al. (2013) recognized that the main predic-
tors of calf gender are semen type, pregnancy period, and the service sire. 

An effective breeding technique and a successful genetic evaluation 
for the sex ratio, both of which are currently under development, involve 
the estimation of variance components as well as heritability (Xu et al. 
2000; Roche et al. 2006a and b; Berry et al. 2011 and Hossein-Zadeh 2012; 
2014). Exploiting genetic deviation in sex proportion can yield benefits of 
sex dimorphism for essential traits, which may promote the strength and 
return of selection for females, while also diminishing replacement costs. 

The objective of the current study was to evaluate the combination of 
genetic aspects and environmental factors that are responsible for varia-
tions in female calf gender determination in Friesian births. 

Materials and methods

Ethics approval 

This work was achieved in agreement with the dairy cattle breeding re-
search division in the Animal Production Research Institute (APRI), Agri-
cultural Research Center, Dokki, Giza, Egypt.

Dataset

Data were collected from one Frisian experimental herd, Sakha, relat-
ed to the Animal Production Research Institute, the Agriculture Ministry, 
and Land Reclamation. The material set used in the current study was 
for 4913 calf records born from 1975 to 2020. The calf gender was cat-
egorized into males and females. The males were donated as 0 and the 
females as 1. The number of animals available for analysis is presented 
in Table 1.
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Statistical analyses

The genmod process (logistic regression) of SAS (2014) was applied 
to test the significance of the environmental effects: season of mating 
(SM, 2 levels), year of mating (YM, 5 levels), year of first calving (YFC, 5 
levels), gestation length (GL, 3 levels), parity (PR, 6 levels), service period 
(SP, 7 levels) and the number of services (NSP, 7 levels). Details about the 
levels of environmental effects are grouped in Table 2.

The model used in the present study included the fixed effects (SM, 
YM, YFC, GL, PR, SP and NSP). 
Log [pi/1-pi] =α + β0+ β1x1i+ β2x2i + β3x3i + β4x4i + β5x5i + β6x6i + β7x7i + ε
Wherever,
Pi= the ratio with gender concerning observance i, 
α= the effect of the intercept term.
x1i= the fixed effect of mating season (i= 1, 2) for observation i, 
x2i= the fixed effect of year of mating (i= 1, 2…5) for observation i,
x3i= the fixed effect of the year at first calving (i= 1, 2…5) for observation i,
x4i= the fixed effect of gestation length (i= 1, 2, 3) for observation i,
x5i= the fixed effect of parity (i= 1, 2…6) for observation i,
x6i= the fixed effect of service period (i= 1, 2…7) for observation i,
x7i= the fixed effect of the number of services per conception (i= 1, 2…7) 
for observation i, 
β0, β1, β2, β3, β4, β5, β6, β7 are regression co-efficient.
ε=error term.

The threshold animal models, including the aforementioned fixed ef-
fects and the random effects, were used; direct additive, dam, sire, and 
stable environmental and residuary influences were all present in the 
model. A Bayesian method by THRGIBBS1F90 software (Tsuruta and Misz-
tal, 2006) was used for calculating variance components and heritability. 
The Gibbs sampling algorithm contains 1000000 reiterations, discarding 
the first 100000. Following that, single sections in each 50 were saved, 
and the POSTGIBBSF90 software package was used to acquire the aspects 
of the significance of the margins for subsequent classifications (Tsuruta 
and Misztal, 2006). 

Two models were used in the present study. The first model was used 
for the aforementioned fixed effects, and the random effects; the pattern 
contained direct additive, dam, sire, constant environmental and remain-
ing effects and was described as

y = Xb + Za + Km + Ws + Npe + e, and                  (model 1)

Wherever,
 y: a vector of samples, b: a vector of fixed effects with an occurrence 

matrix X, a: a vector of randomly animal effects with an occurrence matrix 
Z, m: a vector of randomly dam effects with an occurrence matrix K, s: a 
vector of sire effects with an occurrence matrix W, pe: a vector of random-
ly constant environmental effects of animals with an occurrence matrix N, 
and e: a vector of randomly remaining effects. 

A is the numerator relation matrix among animals, I is an identifica-
tion matrix, σ2

a is direct additional genetic variation, σ2
m is dam additional 

genetic variation, σ2
am is the direct x dam genetic covariate, σ2

s is paternal 

variation, σ2
as being the direct x paternal genetic covariate, σ2

pe is animal 
constant environmental variation and σ2

e is error variance. 
The second model was applied without dam effect and can be de-

scribed as:
y = Xb + Za + Ws + Npe + e, and                      (model 2)

Wherever,
 y: a vector of samples, b: a vector of fixed effects with an occurrence 

matrix X, a: a vector of randomly animal effects with an occurrence matrix 
Z, s: a vector of sire effects with an incidence matrix W, pe: a vector of 
animal randomly stable environmental effects with an incidence matrix N, 
and e: a vector of randomly error effects. The symbols inside the matrix 
were explained previously.

Results

Factors affecting calves’ gender determination

Effect of the season of mating (SM)

SM exhibited highly significant effects (P<0.001) on calf gender de-
termination, especially for male births (Tables 2, 3).  

Effect of year of mating (YM)

YM showed significant effects (P< 0.01) on calf gender proportions 
(Tables 2, 3) and the proportions of female births increased from 1974 to 
1993 (P <0.01), while those of male births increased from 1994 to 2019.

Effect of year of first calving (YFC)

Tables 2, 3 evidence of significant (P<0.05) effects of YFC on variation 
in calve gender determination. The proportion of female calves increased 
from 1975 to 1984 and from 1995 to 2004 compared to other years of 
first calving. 

Effect of gestation length (GL)

The relationship between GL and calves’ gender was significant 
(P<0.01) (Table 3). The frequency of female births was significantly higher 
as compared to the male counterparts (53% vs. 47% for GL under 270 
days), as presented in Table 2. The chances of female birth increased in 
dams with a GL of <270 days (P<0.05) as compared to those with a GL of 
270–290 days or more. 

Effect of parity (PR) 

Our present study (Table 2) revealed that heifers had a greater female 
birth ratio than cows, with a significant effect (P<0.05) of PR on the calf 
gender rate.  

Effect of service period (SP)

The influence of the service period (P< 0.05) on calve sex was signif-
icant, and as it increased, the probability of giving a male birth increased 
(Table 3).

Effects of the number of services per conception (NSP)

As presented in Table 3, a significant influence (P<0.05) of NSP on 
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Item Number of record

Base animals (without pedigree) 464

Non-base animals (with pedigree) 1608

All animals 2072

Sires 211

Dams 1047

Calf gender 4913

Table 1. Number of animals available for analysis.



calve sex was detected. Furthermore, Table 2 demonstrated that for one 
service per conception, the proportion of female births was higher than 
that of males, and as NSP increased, the probability of male births in-
creased. 
Variance components and genetic parameters for female birth 

As shown in Table 4. The estimates of direct genetic variance σ2
a; sire 

variance σ2
s; dam variance σ2

m; perpetual environmental variance σ2
pe and 

phenotypic variance σ2
p for female births were 0.04; 0.04; 0.03; 0.01 and 

0.32, respectively, and the corresponding values in Table 5, except for the 
contribution of dam variance were 0.05; 0.04;0.01 and 0.34, respectively.

Heritability (h2) and repeatability (R) estimates

The direct (h2
a) and sire (h2

s) heritability estimates for female birth 
were (0.13± 0.05; 0.16± 0.03) and (0.11± 0.03 and 0.12± 0.02), respective-
ly. The maternal heritability estimate h2

m was 0.09±0.04. The R estimates 
were between 0.15±0.05 and 0.18±0.04 (Tables 4 and 5). 

Discussion

The highly significant effects (P< 0.001) of SM on calf sex determina-
tion, agreed with the results of Roche et al. (2006a); Demüral et al. (2007); 
Faraidoon et al. (2014); Shekalgorabi et al. (2017) and Sharma et al. (2018). 
While Hohenbrink and Tillmann (2012); Khan et al. (2015) and Arega and 
Chalchissa (2019), found a non-significant SM effect on calf sex. Earlier 
studies (Roche et al., 2006a and b) supported the impact of the seasonal 
change on the sex ratio from conception to calving, and throughout the 
year, male births were more likely in the warmer months (Berry and Cro-
mie, 2007).

Our explanation regarding the high numbers of males within the two 
seasons of mating could be due to the fact that male embryos resist tem-
perature and climatic fluctuations more than female embryos. Moreover, 
Parikh et al. (2021) stated that the variation in female births in different 
calving seasons might be associated with large differences in climate 
within a season. According to Roche et al. (2006a), males were more likely 
to be born after periods of higher climate heat, and this increased with 
the rise in air temperature and humidity around the time of conception. 
Mahmoud et al. (2019) pointed out that increasing male calf births during 
the warm or very cold breeding months elucidate the male zygotes’ im-
pedance to the negative consequences of heat and weather fluctuations 
on cows. 

While Redda (2000) reported that, although cows exhibit estrus 
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Factors Levels Male Female Total P value

SM
1 (10, 11, 12, 1, 2,3) 1147 1127 2274

(P<0.001)
2 (4, 5, 6, 7, 8, 9) 1348 1291 2639

YM

1 (1974 to 1983) 348 376 724

(P<0.01)

2 (1984 to 1993) 524 528 1052

3 (1994 to 2003) 861 832 1693

4 (2004 to 2013) 468 460 928

5 (2014 to 2019) 294 222 516

YFC

1 (1975 to 1984) 447 472 919

(P<0.05)

2 (1985 to 1994) 603 588 1191

3 (1995 to 2004) 768 775 1543

4 (2005 to 2014) 447 385 832

5 (2015 to 2020) 144 118 262

GL (day)

1 (< 270)* 410 460 870

(P<0.01)2 (270-290)* 1840 1736 3576

3 (> 290) 245 222 467

Parity

1 (1st) 750 754 1504

(P<0.05)

2 (2n ) 590 562 1152

3 (3rd) 420 418 838

4 (4th) 297 288 585

5 (5th) 176 181 357

6 (>5th) 262 215 477

SP (day)

1 (20 to 70) 385 346 731

(P<0.05)

2 (71 to 120) 264 233 497

3 (121 to 170) 203 159 362

4 (171 to 220) 122 116 238

5 (221 to 270) 75 73 148

6 (271 to 320) 58 53 111

7 (> 320) 134 115 249

NSP (No. of service)

1* 737 806 1543

(P<0.05)

2* 514 455 969

3* 311 258 569

4 194 168 362

5 115 114 229

6 69 65 134

7 (>6 ) 44 40 84

Table 2. The significance of the environmental factors affecting calf gender and the number of males and females in each factor level in Sakha farm.

SM: season of mating; YM: year of mating; YFC: year of first calving; GL: gestation length; SP: service period; NSP: No. of services per conception; *= (p<0.05).



during the rainy season and the spring, they are less resilient to the im-
pacts of the weather, have poor energy stability, and have a tendency to 
have more female calves. Furthermore, Hudson et al. (2012) and Guta 
(2021) demonstrated that forage and food availability fluctuate over time 
as do the ecological stressors and illness occurrences that may cause se-
lected miscarriages, desiring one gender more than others. Further sup-
porting Trivers and Willard (1973) theory that the advantage of a deviat-
ing gender proportion occurring once a dam can expand her condition 
across her progeny, depends on her current fitness and the outer envi-
ronmental hindrance, dams in good situations are more likely to deliver 
males, while dams in poor situations are more likely to deliver females.  
Qureshi (2004) and Delesa et al. (2014) discovered that hormonal imbal-
ance results in more abortions of male than female embryos, favoring a 
greater proportion of female births.

The current variations in proportions of female and male births 
through different YM (P <0.01), most likely because feed scarcity stress 
causes the number of male births to be less than that of female births 
during certain years of mating (Guta, 2021). Moreover, the significant in-
fluences (P< 0.01) of YM on calf gender ratios were matched with the 
findings of Shekalgorabi et al. (2017) and Sharma et al. (2018), who indi-
cated a considerable influence of the insemination year on the calf sex 
ratio. According to Delesa et al. (2014), cows showing estrus through the 
rough periods of the year give birth to additional females. Hence, by con-
trolling management tools at a standard stage during the tough times of 
the year, the calf gender proportion could be altered.  Moreover, after a 
week of high temperatures prior to conception, there is a higher occur-
rence of male births, according to Roche et al. (2006a). However, Foote 
(1977) and Arega and Chalchissa (2019) concluded that breeding years 
had no effect on gender births. 

The significant (P<0.05) effects of YFC on variation in calve gender 
determination were in conformity with the results of Farahvash et al. 
(2008) and Sawa et al. (2014) for females born and of Hossein-Zadeh 
(2012); Goshu and Singh (2013) and Guta (2021) for males and females 
born. According to Guta (2021), the management practices from the pre-
vious year may have had an impact on the sex proportion of calves born 
in different YFCs. Berry and Cromie (2007) reported a significant (P<0.01) 
relationship between the calving year and the gender ratio. While Roche 
et al. (2006a); Kaygisiz and Vanli (2008); Hossein-Zadeh et al. (2012) and 
Parikh et al. (2021) proved there was no significant difference between 
genders due to YFC.

Female birth increased in dams with a GL of <270 days (P<0.05) 
as compared to the other lengths of GL and confirming the findings of 
Parikh et al. (2021) who stated that with GL at <275 and 275–290 days, 
the probability of female birth improved by 2.25 (P = 0.001) and by 
2.27 times (P = 0.001), respectively, compared to the period of GL >290 
days. The current significant (P<0.01) relationship between GL and calve 
gender was, supported by the findings of Healy et al. (2013); Sawa et al. 
(2014); Shekalgorabi et al. (2017); Sharma et al. (2018); Ryoung and Gyu 

SM: Season of mating; YM (1 (mo.10, 11, 12, 1, 2, 3), 2 (mo.4, 5, 6, 7, 8, 9); Year of mating (1 (1974 to 1983), 2 (1984 to 1993), 3 (1994 to 2003), 4 (2004 to  2013), 5 (2014 to 2019); YFC: 
Year of first calving (1 (1975 to 1984), 2 (1985 to 1994), 3 (1995 to 2004), 4 (2005 to 2014), 5 (2015 to 2020)); GL: Gestation length (1 (< 270 days), 2 (270-290 days), 3 (> 290 days)); 
PR: Parity (1 (1st  PR), 2 (2nd  PR), 3 (3rd PR), 4 (4th PR), 5 (5th PR),6 ( >5th PR  and above); SP: Service period :(1 (20 to 70 days), 2 (71 to 120 days), 3 (121 to 170 days), 4 (171 to 220 
days), 5 (221 to 270 days), 6 (271 to 320 days), 7 (> 320 days)); NSP: Number of services per conception (1 (1 serv.), 2 (2 serv.), 3 (3 serv.), 4 (4 serv.), 5 (5 serv.), 6 (6 serv.), >6  (>6 serv.).

Environmental factors Estimate marginal effects ±SE Value c2 p-values

SM
1 2

1.25±0.01a 1.01±0.02b 12.84 0.00

YM
1 2 3 4 5

1.35±0.05a 1.06±0.06c 1.19±0.07b 1.17±0.02b 1.39±0.03a 131.21 0.00

YFC
1 2 3 4 5

1.46±0.02a 1.34±0.03b 1.23±0.04c 1.32±0.06b 0.82±0.03d 209.31 0.02

GL (Days)
1 2 3

1.13±0.02b 1.30±0.05a 1.26±0.03a 133.34 0.01

PR
1 2 3 4 5 6

1.22±0.02b 1.00±0.02d 1.13±0.03c 1.06±0.04c 1.33±0.05b 1.66±0.01a 415.13 0.02

SP (Days)
1 2 3 4 5 6 7

1.11±0.01c 1.20±0.01b 1.32±0.02a 1.28±0.02a 1.29±0.02a 1.29±0.01a 1.35±0.02a 189.77 0.05

NSP
1 2 3 4 5 6 7

-0.02±0.04d -0.006±0.05d 0.01±0.07c 0.03±0.09c 0.23±0.01a 0.13±0.09b 0.12±0.01b 508.12 0.05

Table 3. Marginal effects of factors influencing gender determination in Egyptian Friesian calves.

Table 4. Means and standard deviations (SD) for variance components and ge-
netic aspects for female birth in Sakha farm.

Items Posterior mean SD

σ2
a 0.04

σ2
s 0.04

σ2
m 0.03

σ2
Pe 0.01

σ2
e 0.21

σ2
P 0.32

h2
a 0.13 0.05

h2
s 0.11 0.03

h2
m 0.09 0.04

R 0.15 0.05

σ2
a = direct additive genetic variance; σ2

s = sire genetic variance; σ2
m = dam genetic vari-

ance; σ2
pe = perpetual environmental effect; σ2

e = remaining variance; σ2
P = phenotype vari-

ance; h2
a = direct heritability; h2

s = sire heritability; h2
m = dam heritability; R = repeatability; 

SD: standard deviation.

Items Posterior mean SD

σ2
a 0.05

σ2
s 0.04

σ2
Pe 0.01

σ2
e 0.23

σ2
P 0.34

h2
a 0.16 0.03

h2
s 0.12 0.02

R 0.18 0.04

σ2
a = direct additive genetic variance; σ2

s = sire genetic variance; σ2
pe = perpetual environ-

mental effect; σ2
e = remaining variance; σ2

P = phenotype variance; h2
a = direct heritability; 

h2
s = sire heritability; R = repeatability; SD: standard deviation.

Table 5. Means and SD for variance components and genetic aspects for female 
birth without dam effects in Sakha farm.
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(2019); Rezende et al. (2020) and Parikh et al. (2021) that GL is the main 
predictor of calf sex and fetal growth in male calves prolongs GL signifi-
cantly (P<0.001). 

Likewise, according to Ryoung and Gyu (2019), there was a signif-
icant variance in calf gender (P<0.05) between male and female births, 
with GL periods of 284.6 and 280.3 days, respectively. Sawa et al. (2014) 
stated that female GL was less than males’ by 1.3 and 2 days for heifers 
and cows, respectively. According to Silva et al. (1992) and Norman et 
al. (2009), the difference in GL between cows and heifers varied from 
0.3 to 1.8 days. A positive relationship existed between GL and the calf 
birth weight, with GL being 1.1 (Silva et al., 1992) to 2.0 days (Hayr et al., 
2015) longer for male calves. Holland and Odde (1992) explained that a 
significant quantity of testosterone hormone secretion begins at 45 days 
of pregnancy and extends to its peak at 70 days. Androgen receptors in 
muscle cells and tissues stimulate growth during embryonic life, resulting 
in weight differences between genders. Moreover, additional embryonic 
growth in male births lengthens GL (Rezende et al., 2020). On the other 
hand, studies by Gowda et al. (2019) and Srivastava et al. (2020) revealed 
no association between GL and the gender of born calves. 

In the current study, heifers had a bigger female birth ratio than 
cows, confirming the findings of Sawa et al. (2014); Baradar et al. (2019) 
and Parikh et al. (2021). However, Delesa et al. (2014) declared that young 
heifers and dams in their 2nd, 4th, and 5th lactations resort to giving more 
female births. In the current study, the fifth PR had the highest ratio of fe-
male births (51%), which complied with the findings of Goshu and Singh 
(2013). However, the other parties from the 2nd to the 4th had the highest 
proportion of males, which was consistent with the results of Guta (2021) 
and Berry and Cromie (2007), who stated that older dams had a signifi-
cantly (P <0.05) higher chance of having male offspring than younger 
ones.

The present study shows a significant effect (P<0.05) of PR on calf 
gender rate in accordance with those reported previously (Demüral et al., 
2007; Hossein-Zadeh, 2012) on female births in the first 3 parities and for 
both female and male births (P<0.05 and P<0.01), respectively, by (Goshu 
and Singh, 2013; Sawa et al., 2014; Delesa et al., 2014; Baradar et al. 2019 
and Guta, 2021).

However, Roche et al. (2006a); Kaygisiz and Vanli (2008); Yilmaz et al. 
(2010); Hossein-Zadeh et al. (2012); Hohenbrink and Meinecke-Tillmann 
(2012); Arega and Chalchissa (2019) and Srivastava et al. (2020) found a 
non-significant effect of PR on calf sex. Also, Parikh et al. (2021) demon-
strated that PR had no effect on sex ratio, but that female calves born in 
the 5th PR (56.18%), followed by the 1st (51.24%) and 2nd (49.85%) parties, 
had the highest ratio. According to Skjervold and James (1979), no clear 
PR trend existed for gender ratio, but the probability for young cows to 
give male calves was lower in the first and second pregnancies. Mean-
while, Redda (2000) proposed that dams in weak physical conditions or 
with few supplies would be fortunate in strongly enhancing the most sta-
ble sex in reproduction (females).

The significant influence of service period (P< 0.05) on calve sex and 
the high probability of giving a male birth as it increased were confirmed 
by Khan et al. (2012) and Sawa et al. (2014).  Sawa et al. (2014) indicated 
that heifer pregnancies showed better fertility with 2 days shorter in SP, 
regardless of age. While Córdova-Izquierdo et al. (2008) discovered that 
cows giving female births have an 11-day longer DO than those giving 
male births. Moreover, the significant effect (P<0.05) of NSP on calve sex 
was approved by the studies of Sawa et al. (2014).  The current results 
showed that the probability of female births was higher than that of male 
births for cows conceiving after one service, and as it increased, the ratio 
of male births increased. Confirming the findings of Michael et al. (2005), 
who stated that the production of a higher proportion of male births in-
creased as the NSP increased from 1 to 5. While, according to Abdalla et 
al. (2014), 88% of female births in Holstein heifers that did not conceive 
for the first time, were bred after three inseminations. 

Moreover, a variety of factors, including uterine and vaginal pH, oo-
cyte growth, and the artificial insemination period, have been proposed 
to affect the gender ratio (Pursley et al., 1998). According to Trivers and 
Willard (1973) theory, mutinous females can improve their strength by 
tilting the gender ratio of their offspring. 

Furthermore, the high values of phenotypic variance (σ2
p) for female 

birth indicate that environmental effects contributed to a large part of 
the variation in this trait. As a result, manipulating management practices 
may modify the calf sex ratio and make it easier to replace calves that 
can be selected to improve the rate of genetic gain. Our results of σ2

p 
of female birth (0.32 and 0.34), were higher than the 0.25 reported by 
Hossein-Zadeh (2012; 2014), who stated that a large amount of variation 
(non-additive genetic effects) in female birth was mostly delivered by the 
environmental effects. Likewise, Hossein-Zadeh (2012) declared favorable 
genetic and phenotypic trends for females. 

The proportion of female births obtained by Parikh et al. (2021) 
ranged from 22.22 to 90.00% (P<0.05), and variations in the sex ratio of 

dairy sires have been documented in previous studies (Berry et al., 2011; 
Hossein-Zadeh, 2012). Moreover, Goshu (2017) and Sharma et al. (2018) 
proved that sires had a significant effect on the sex proportion (P<0.01) 
and on the ratio of female births up to age at first calving (P<0.001). 
Also, the impregnating sire had a meaningful effect on the sex proportion 
(Yilmaz et al., 2010; Healy et al., 2013 and Shekalgorabi et al., 2017). In 
contrast to the current findings, Arega and Chalchissa (2019) found that 
the inseminating sire line and among different sires had no effect on the 
sex of born calves. 

  Greater estimates for h2
a and h2

s were obtained compared with dam 
contribution, which was evaluated to avoid biasing in h2

a of the female 
trait (Table 4) in the analysis. This bias could be attributable to specific 
sires having daughters with constantly low or superior genital capacity, 
hence raising the proportion of among-sire to within-sire variations (Ma-
tos et al., 1997). Furthermore, some non-genetic factors related to fertility 
traits may be allocated into sire variation in the pattern, suggesting the 
potential for implementing genetic selection for that trait with a greater 
response to improving milk production and reducing replacement costs 
in dairy farms. Current findings revealed that the direct h2

a of female 
calves was greater than their h2

s and h2
m (Hossein-Zadeh, 2014), suggest-

ing that, the animal effects may have a stronger impact on the genetic 
variation of female traits than paternal and maternal effects.

Direct h2
a values of 0.13 and 0.16 were near the results of 0.10 and 

0.15, respectively, by Goshu and Singh (2013) and Hossein-Zadeh (2014); 
lower than 0.48 by Hossein-Zadeh (2014) using the threshold analysis, 
but higher than 0.00004 to 0.001 by Hossein-Zadeh (2012) and 0.02 by Xu 
et al. (2000); Berry et al. (2011); and Pandey et al. (2016). Furthermore, the 
maternal heritability estimates h2

m 0.09±0.04 was nearly identical to 0.10 
(Hossein-Zadeh, 2014), but lower than 0.27 by using threshold analysis 
by the same author. 

Moreover, Kaygisiz and Vanli (2008) and Kumar et al. (1993) reported 
that h2 estimates for the male birth sex ratio were around 0.06±0.09, but 
less than the range (0.10 - 0.43) recorded by Tomar and Tripathi (1988) 
and Rawal and Tomar (1995). According to Goshu and Singh (2013), the 
low h2 estimates for the sex ratio could be due to the chance factor, which 
causes variation primarily from the non-heritable effect of haphazard 
combinations of gametes during calf gender determination.

The moderate repeatability estimates of female calf gender indicated 
that the female trait is affected by permanent environmental effects such 
as uterine biological influences, feeding intensity during the final stage 
of gestation, and the dam’s maternal performance (Snyman et al. 1995). 
Furthermore, Xu et al. (2000) and Hossein-Zadeh (2012; 2014) stated that 
the R-value of calf gender is mostly provided by the dam’s stable eco-
logical influences, and improving this trait is associated with improving 
environmental conditions. 

The present R estimates (0.15 and 0.18) were in accordance with the 
0.17 obtained by Hossein-Zadeh (2014) from a linear animal model and 
lower than 0.52 using the threshold animal model analysis, but higher 
than the range of 0.04 to 0.07 reported by Tomar and Tripathi (1988); 
Kaygisiz and Vanli (2008) and Goshu (2017). Explaining that previous calf 
sex had an impact on predicting calf sex in subsequent pregnancies with 
15–18% accuracy. While low R values have been observed by Mukherjee 
et al. (2000) and Singh et al. (2002).  

Conclusion

The present study emphasizes the significant influence of the studied 
environmental factors on variations in calf sex determination. According 
to the investigation, short gestation length, few numbers of services per 
conception, and both first and fifth parities were the main predictors of 
female calf birth. Reflecting that the mother’s situation throughout in-
semination and gestation is an important element in determining the 
offspring’s gender.  The estimates of heritability indicate that there is 
sufficient additive genetic variance affecting this trait to implement ge-
netic selection with greater intensity for the female birth rate and, as a 
result, greater progress in improving milk production with efficient re-
placements. Moderate repeatability estimates of female births indicat-
ed that the sex of the previous calf could influence the calf’s sex in the 
subsequent pregnancy with only 15–18% confidence. This will give dairy 
breeders the option of selecting within high potency dams and deliver-
ing new replacement calves only from the best-inherited cows, which will 
become an important part of selection goals. It is possible to alter the 
gender ratio of fresh calf births to a preferred value by regulating several 
management practices to a standard level and within certain parameters 
in dairy cows prior to mating.
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