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Table 1- Brief structure of the pedigree and number

of individuals
Information Number of
records
Total No. of animals 3452730
Total No. of Inbreds 2236808

Total No. of sires 85742

Total No. of dams 1616057
No. of animals with 1701799
progeny

No. of animals without

orogeny 1750931
No. of founders 452122
No. of non-founders 3000608
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Table 2- Summary statistics of data used for female fertility traits and sire conception rate
Traits? No. of Max  Min MeanSD No. of
records herds
Sire conception rate (SCR/%) 13294 76% -16%  -0.314%2.11 985
Age at the first service -heifer (AFSy/d) 433382 900 320  505.83+22.49 3062
Age at the first calving-heifer (AFCy/d) 965729 1350 630  785.98+28.04 3932
Calving interval- the first three lactations (Cl/d) 725810 700 300  410.56+20.26 2394
Open days- the first three lactations (OD/d) 693308 350 40 128.53+11.34 2388
Pregnancy rate- the first three lactations (PR/%) 708920 55 -28 26.86+5.18 2393
Gestation length-heifer (GLy/d) 985849 290 260  277.36+16.65 3346
Gestation length- the first three lactations (GL/d) 1123471 290 260  279.25+15.44 1311
Days from calving to the first service-the first
lactation (DFS, /d) 259904 300 20 105.74+10.28 2419
Days from calving to the first service-the second
lactation (DFS, /d) 192130 300 20 104.44+10.22 2313
Days from calving to the first service-the third
lactation (DFS, /d) 125205 300 20 102.58+10.13 2064
Days from calving to @he first service-the first three 160170 300 20 90.98+9 54 1151
lactations (DFS/d)
Interval between the first and last
insemination-heifer (IFLy/d) 440265 290 0 7.97+2.82 3118
Interval between the first and last
insemination-first the lactation (IFL, /d) 275918 290 0 18.47+4.30 2486
Interval between the first and last
insemination-the second lactation (IFL,/d) 200688 290 0 20.05+4.48 2359
Interval between the first and last
insemination-the third lactation (IFL;/d) 129980 290 0 19.90+4.46 2096
interval between the first and last
insemination-the first three lactations (IFL/d) 168384 290 0 25.53£5.05 1213
Number of services per
conception-heifer (NS /n) 443041 10 1 1.18+1.08 3119
Number of services per
conception-the first lactation (NS, /n) 283360 10 1 1.44£1.20 2513
Number of services per
conception-the second lactation (NS, /n) 205926 10 ! 149+1.22 2389
Number of services per 133506 10 1 1.47+1.21 2133

conception-the third lactation (NS;/n)

H: heifer, 1: the first lactation, 2: the second lactation, 3: the third lactation, d: day, n: number.
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Table 3- The following animal models in scalar notation was applied to estimate genetic parameters in analyzed

traits
Traits! model
AFS H Yk = H, + YbSh; + YSs; + ay + ey
AFC H

ytijk = Ht + YbSbl + YSSJ + ay + en'jk

tijkl I
— Age) + a + Crijk

= H,+ P+ YSC; + MS; + b(Ageijrum — Age...) + art pem + e jim

) +a, +pe,+ Ctijkim

GL_H Yk = H,; + YbSb; + YSs; + ay + ey
IFL_H Yy = Hi+ YbSbi+ MFI + @y + ey
NS_H Yy = Hi+ YbSbi+ MFI + @y + ey
IFL Yok = H;+ P;+ YSC; + MFI; + b(Agepc
DFS Vg = H,+ YSC; + b(Agepcti]. —Age ) +aj+ ey
NS Vi = H, + YSCpl. + MFIj + b(Agepcti].k
GL® Viga = Hit Pi + YSs; + a, + pe; + ey
IFL2 Viik1 = H,+ P;+ YSC; + MS; + b(Ageti]-kl —Age )+a;+ €ijki
DFS? Viik = H,+ P;+YSC; + b(Ageti]-k —Age )+ a,+ €ijk
CF Viijiktmn
oD Yiikin = Hit Pt YSC; + MSi + b(Ageyijum — Age
PR Yiiim = Hit Pi + YC + MC+ a; +pe,, + ey
SCR

Vi = YM, + b(Rely; — Rel ) +a; +pe; +e

1Female fertility traits with “a” suffix include first three lactations together and were treated as repeated measurements in

the statistical analysis.
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Table 4- Variance components and heritabilities of female fertility traits and sire conception rate

Traits! Va VpE V. Vphe h?
SCR 1.465 1.397 1.965 4.827 0.303
AFSy 59.34 - 1903 1962.34 0.033
AFCy 5.23 - 1151.23 1151.23 0.005
Ci 335.6 254.1 6392.7 6392.7 0.052
oD 242.0 152 4561 4955 0.048
PR 26.92 1.185 314.21 314.205 0.085
GLy 1.64 - 15.159 15.159 0.108
GL 1.50 0.297 15.727 15.727 0.095
DFS, 1915 - 3216.5 3216.5 0.059
DFS, 94.59 - 3109.59 3109.59 0.031
DFS3 74.82 - 2998.82 2998.82 0.025
DFS 54.61 105 2328.61 2328.61 0.023
IFLy4 2.69 - 362.692 362.692 0.002
IFL, 73.74 - 4308.74 4308.74 0.017
IFL, 73.73 - 4107.73 4107.73 0.018
IFL3 52.39 - 3963.39 3963.39 0.013
IFL 69.15 48.42 7701.57 7701.57 0.009
NSy 0.004 - 0.298 0.298 0.013
NS, 0.029 - 0.912 0.912 0.032
NS, 0.027 - 0.938 0.938 0.028
NS, 0.017 - 0.917 0.917 0.018

Va, Veg, V. and V,p,: additive genetic, permanent environmental, error and phenotypic variances, respectively. h?:

heritability.
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Table 5- Direct additive genetic (upper triangle) and phenotypic (lower triangle) correlations by female fertility
traits in Iranian Holstein cows

oD Cl GL PR IFL DFS NS AFC AFS

oD 0.415 0.087 -0.389  -0.092 0.195 0.533 -0.253 0.012
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DFS 0.331 0.543 -0.367  -0.289 0.006 -0.005  -0.007  -0.170

NS 0.649 0.592 0.407 -0.464 0.774 -0.217 0.129 0.031
AFC -0.289 0.103 -0.202  -0.668 0.323 0.369 0.272 -0.350
AFS 0.029 -0.342 0.391 0.372 -0.275  -0.224 0.074 0.499
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Figure 1- Means of breeding values and phenotypic of age at the first service (AFS), age at the first calving
(AFC) and open days (OD) at years of birth.
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Figure 2- Means of breeding values and phenotypic of pregnancy rate (PR), calving interval (Cl) and days from
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Table 6- Estimates of linear regression coefficients of breeding value and phenotypic (x100) for fertility traits

(year)

Trait D'{f:;giegénc (%)R? Phenotypic trend+SE (%)R?
SCR (%lY) -2.22+0.33" 63.83 -3.49+0.85™ 41.15
AFS (dly) -4.03+0.26™ 90.59 -3.58+2.22"s 9.43

AFC (dly) -2.66+0.16™ 91.21 -17.81+ 2.45™ 67.98
Cl (dly) 4.65+ 0.34™ 88.30 8.71+ 1.95™ 44.30
GL (dly) -0.07+ 0.02™ 42.08 -0.004+ 0.01™ 0.03

oD (dly) 4.04+0.28" 88.76 6.45+ 2.01™ 29.14
PR (%ly) -0.83+ 0.07™ 84.86 -1.50+ 0.49™ 26.91
IFL (d/y) 2.93+0.18™ 91.17 3.43+0.15" 17.68
DFS (dly) 4.73+0.35™ 88.23 4.39+ 2.07" 15.17

*: P<0.05, **: P<0.01, (d/y): (day/year), ns: Not significant (P>0.05), R%: R-Square, SE: Standard error.
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Introduction: Fertility is considered an important economic trait in cattle, yet despite its importance,
reproductive efficiency of dairy cattle has decreased dramatically in the past decades and is of
increasing concern to farmers and the dairy industry (Ghiasi et al. 2011; Pryce et al. 2010). Nowadays,
the decline in the reproductive efficiency of dairy cattle has become a challenging problem
worldwide. As shown in numerous studies, genetic response for fertility traits is expected to be small
due to their low heritabilities. In the past decades, many have focused on milk production in selection
programs worldwide, which has resulted in reduced female fertility due to the antagonistic genetic
relationship between the milk production and the fertility (Pryce et al. 2010; Toghiani 2012).
Therefore, it is necessary to include fertility traits in the breeding programs for improving fertility or
stopping its downward genetic trend (Penagaricano et al. 2012). It is well documented that bull
fertility is influenced by genetic factors (Mohammadi et al., 2020). Semen production traits, such as
volume and sperm concentration, were found to have moderate heritabilities (from 0.15 to 0.30);
whereas some of the semen quality traits (such as motility and percentage of abnormal sperm) had
moderate to high heritabilities (close to 0.60), (Rezende et al. 2018). The objective of this study was
to assess genetic parameters for fertility traits in Holstein dairy cows and sire conception rate (SCR),
a new phenotypic evaluation of bull fertility.

Materials and method: Data used in this study were provided by National Animal Breeding center
and promotion of Animal Products of Iran (heifers and cows of 1 to 3 parity from 1992 to 2018) and
Council of Dairy Cattle Breeding (sire conception rate (SCR) from 2008 to 2018, a phenotypic
evaluation of bull fertility). Traits included: sire conception rate (SCR), age at the first service (AFS),
age at the first calving (AFC), open days (OD), calving interval (ClI), gestation length (GL), pregnancy
rate (PR), interval between the first and last insemination (IFL), days from calving to the first service
(DFS) and number of services per conception (NS). Edited data included the following: SCR between
7.6 % to -16 %, AFS between 320 and 900 days, AFC between 630 to 1350 days, CI between 300
and 700 days, IFL less than 290, GL between 260 and 290 days, DFS between 20 and 300 days, OD
between 40 and 350 days, PR between -28 and 55 and NS between 1 and 10. Subsequently, the multi-
variate animal model analysis was carried out in order to estimate the direct additive genetic and
phenotypic correlations between fertility traits. Genetic parameters were estimated using animal
model in REML methodology (REMLF90 program).

Results and discussion: According to our findings, heritability estimates for all fertility traits were
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low. Minimum heritability was estimated for IFL trait by heifers (0.002) and maximum amount for
SCR trait was 0.303. Heritability estimations for other fertility traits were 0.033, 0.005, 0.052, 0.048,
0.085, 0.108, 0.095, 0.059, 0.031, 0.025, 0.023, 0.017, 0.018, 0.013, 0.009, 0.013, 0.032, 0.028, and
0.018 for AFS, AFC, ClI, OD, PR, GLy;, GL, DFS;, DFS,, DFS;, IFL,, IFL,, IFL;, IFL;,3, NSy, NS;, NS,
and NS;, respectively. These estimates are in agreement with the results obtained by Ghiasi et al.
(2011) and Rahbar et al. (2016) in Holstein cows. Heritability estimates obtained in this study were
larger than those obtained by Toghiani Pozveh et al. (2009) for CI, DFS and OD in the previous study
of Iranian Holsteins. The heritability estimates obtained for interval traits (OD, CI, and GL) were
higher than those obtained for categorical (NS) or binary traits. However, interval traits may be
affected by management decisions such as the length of the voluntary waiting period or estrus
synchronization applied in some farms (Ghiasi et al. 2011). In general, negative, and moderate
additive genetic and phenotypic correlations estimates were obtained between fertility traits.
Estimated additive genetic correlations ranged from -0.56 (between GL and AFC) to 0.83 (between
IFL and NS). However, estimated phenotypic correlations ranged from -0.80 (between PR and OD)
to 0.85 (between GL and OD). The first one is formed by the traits that measure overall fertility of
the cow (i.e., Cl, OD and PR) which can be obtained directly from calving dates. In particular, OD
and PR showed additive genetic (-0.39) and phenotypic (-0.80) correlation estimates indicating that the
two traits, as expected, are genetically the same because PR is a linear function of OD. The same
results were found by VanRaden et al. (2004) and Ghiasi et al. (2011) in Holstein cattle. The mean
breeding values were estimated -0.31 to 0.38, -4.14 to -3.34, -6.70 to -5.64, -0.0435 to -0.0064, -2.20
to -1.93,9.16 t0 10.73, 8.72 t0 10.15, 3.29 to 4.21 and 4.34 to 5.84 for SCR, AFC, AFS, GL, PR, CI,
OD, IFL DFS, respectively. However, the mean phenotypic values were positive, except for SCR
(ranging from -0.62 to 0.66). These results were in agreement with reported results of Aghajari et al.
(2015); Ansari-Lari et al. (2009), and Shirmoradi et al. (2010). Negative genetic trend was estimated
for SCR (-2.22), AFS (-4.02 %), AFC (-2.66 %), GL (-0.07), and PR (-0.83) traits. Subsequently, for
Cl, OD, IFL and DFS traits, positive phenotypic trends were observed. These estimated genetic and
phenotypic trend agreed with other reports (Faraji-Arough et al. 2011; Rahbar et al. 2016).

Conclusion: Genetic parameters (heritabilities and genetic correlations) have been estimated for
fertility traits in heifers and cows as well as fertility of bulls. The results of this study indicate that to
date breeding programs have paid little attention to reproductive traits in Iranian Holstein cows;
therefore, it is recommended to focus more on these traits to improve the performance of Holstein
cows. Our results suggest that the genetic prediction of dairy bull fertility is feasible. This could have
a positive effect on the dairy industry (e.g, early culling of bull calves with very low SCR predictions).
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