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Abstract: This study aimed to elucidate the phenotypic patterns and genetic architecture of fertility

traits in Ningxia Holstein cattle, providing a theoretical basis for establishing a balanced breeding
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program in the region. We compiled 216 787 fertility records from 92 152 Holstein cattle across
15 farms in Ningxia during 2005—2024. Genetic parameter were estimated for 4 heifer traits and
9 cow traits (first, second, and third parities) using the AI-REML algorithm in DMU. Single-trait
animal models were fitted to estimate heritability within parity, whereas bivariate models were used to
Heifer heritabilities ranged from 0.097 040.008 to
0.500 9£0.012 9, with AFS the highest and CR_h the lowest. Heritability estimates for fertility
traits in cows across the first, second, and third parities ranged from 0. 007 6 (0.002 5) to 0. 150 8
(0.0116), 0.010 1 (0.003 4) to 0.149 9 (0.010 2), and 0. 003 9 (0. 005 2) to 0.137 6 (0.013 3),

respectively; differences for the same trait between parities were small and consistently lower than

get genetic and phenotypic correlations.

those observed in heifers. Genetic and phenotypic correlations among heifer fertility traits ranged from
—0.845 8 t0 0.835 1 and from —0.550 7 to 0. 908 4, respectively; the strongest negative genetic
correlation ( —0.845 8) was observed between CR_h and IFL_h. Within any parity, genetic and
phenotypic correlations among cow fertility traits showed consistent trends, with phenotypic
correlations consistently lower than genetic correlations. As parity increased, genetic correlations
strengthened among DO, IFL_c, and CI, whereas BW, CS, CE and GL exhibited weak genetic
correlations with other fertility traits and can be selected independently. The same fertility trait
measured in adjacent parities showed high genetic correlations, indicating that it is largely controlled
by the same gene, whereas the phenotypic correlations remained low, suggesting that the trait is
strongly influenced by environmental factors. Fertility traits show low-to-moderate heritability in
Ningxia Holstein cattle, with greater genetic variation in heifers. CR_h and IFL_h are strongly and
negatively correlated and should be treated as core traits in a heifer fertility index. DO, IFL_c, and CI
can be selected jointly, and multi-parity records for cow fertility traits can be combined to increase
selection accuracy. This study provides scientific basis for developing a balanced breeding programs
for Holstein cattle in Ningxia and facilitates the simultaneous improvement of fertility and productive
performance.

Keywords: dairy cattle; reproductive traits; animal models; heritability; genetic correlation
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Table 1 Descriptive statistics of fertility traits in Holstein cows across different parities in Ningxia

FEAR Tk WO Bt T BEE  ERAN ROME RKM
Trait Parity Number Mean SD (A% Min Max
AFS/d 1 64 423 455.474 76.036 0.167 270 896
AFC/d 1 61628 751. 874 88. 348 0.117 502 1100
CR_h 1 64 685 0.571 0.495 0.867 0 1
IFL_h/d 1 64 605 24.142 45.138 1.870 0 400
BW/kg 1 53 086 36.403 4.877 0.134 20 60

2 34 203 39. 306 5.539 0.141 20 60

3 20 211 39.736 5. 872 0.148 20 60
Cl/d 2 46 631 396. 268 76.872 0.194 280 1567

3 27 299 399. 228 72.767 0.182 280 1090
CR_c 1 57 405 0.272 0. 445 1.637 0 1

2 40 619 0.243 0.429 1.764 0 1

3 221722 0.223 0.416 1.868 0 1
DO/d 1 36 617 117. 357 67.776 0.578 27 450

2 26 311 122.194 68. 649 0.562 24 450

3 14 110 125. 645 69. 226 0.551 23 448
CS 1 70 061 0.908 0.289 0.319 0 1

2 46 811 0.941 0. 236 0. 251 0 1

3 27 131 0.934 0.249 0.267 0 1
CE 1 60 488 1.162 0.528 0.455 1 5

2 41132 1.095 0.401 0. 366 1 5

3 24 989 1.103 0.417 0.378 1 5
ICF/d 1 55186 71.571 11.222 0.157 20 225

2 30 459 69. 997 10. 167 0.145 20 196

3 16 520 70. 434 10. 259 0.146 20 207
IFL_c/d 1 36 606 46.978 67.554 1.438 0 400

2 26 320 54.024 68. 835 1.274 0 400

3 14 109 57.193 69.421 1.214 0 400
GL/d 1 66 240 274.130 6.225 0.027 240 310

2 45271 275.332 6.512 0.024 240 310

3 26 435 275.682 6. 569 0.024 240 310

0.989 1(DO-IFL_c) fl —0. 543 3(CR_c-IFL_c) ~
0.988 1(DO-IFL_c)., DO.IFL_c 5 CIZ A f£7E ¥
FA) 1 35t 5 A DG, T 3 28R 5 CR_e 22 8] 77 7 5 1)
1 B 38 A% A DG o 2 A G 5 38 % 4R 36 I o8 4 —
L AREE T

2.2.4 SRR OCRCRE A A [ 5558 MR B9 8 % AH O
MEBASE  ASE O B 385 A A 4 (R S50

PEAR A9 3 A M G 5 R RN R 7P s o Ak AF 3
BEP IR AN [ iR Uk 22 1) A A B e e AR A G BR CS
PEARES LIRS 20 2 i R[] 84 A1 56 0.190 4, CE

PEARER 1G5 55 3 R Uk a) 8t 1% AH 5C 2y 0. 344 341,
Al AN [ JiE YR A $r 2R R 2 A ) 2 g R 1 3k L
AN 0.693 6 ~ 1.000 0, 52 3 1 1 38t 4% A0 ¢,
P& 7R AN [6] i YR AH [R) 50 1 HR nT e A7 A1 [R) 266 R o 4%
N T Ji A ]2 5 TR ) 1) 2 TR AH 6 W) 4 2 AR
Uk B B PEAR 5 32 SR R

3 W
3.1 TEMREHEFEEERBRESH
AHTFE G R B A T3 B M Xy H 4H A 5K
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Table 2 Heritability of fertility traits in Holstein heifers and cows across different parities in Ningxia
vk PR ﬁu&ﬁﬁ %%ﬁﬁﬁ ES oy ﬁ?ﬁﬁ%
Parity Trait Adc%nwe Res.ldual Phen.otype Heritability Standard
variance variance variance error
TR Heifer AFS 141.922 2 141.4307 283.352 8 0.5009 0.0129
AFC 404. 2659 1259.899 9 1664.1658 0.2429 0.0109
CR_h 0.019 4 0.1809 0.2003 0.097 0 0.008 0
IFL_h 242.149 1 1274.3030 1516.452 2 0.1597 0.009 3
—JlRiK BW 2.9591 16.662 8 19.6219 0.150 8 0.0116
First parity CR_c 0.001 3 0.174 8 0.176 2 0.007 6 0.0025
DO 58. 260 1 4141.114 7 4199.374 7 0.0139 0.004 1
Cs 0.002 1 0.078 3 0. 080 4 0.026 4 0.004 1
CE 0.014 0 0.2319 0.2459 0.056 9 0. 006 4
ICF 5.0383 93.744 9 98.783 2 0.0510 0.006 8
IFL_c 50. 947 7 4114.088 2 4165.0358 0.012 2 0.0039
GL 2.8108 27.989 4 30. 800 2 0.0913 0.008 1
i<}/ ¢ BW 2.847 3 22.4316 25.278 9 0.1126 0.0117
Second parity CI 454.663 9 2579.480 1 3034.144 0 0.1499 0.010 2
CR_c 0.003 2 0.1658 0.1690 0.0190 0.004 6
DO 105. 888 3 4 476.228 2 4582.116 5 0.0231 0.006 6
CSs 0.000 5 0.0535 0.054 0 0.0101 0.003 4
CE 0.005 6 0.1479 0.1534 0.036 3 0.006 2
ICF 2.000 6 76.760 5 78.7611 0.0254 0.0056
IFL_c 88.5224 4471.0019 4559.524 3 0.019 4 0. 006 2
GL 1.894 2 32.692 3 34.586 4 0.054 8 0.007 2
=Rk BW 2.2286 26.1255 28.354 1 0.078 6 0.013 3
Third parity CI 490. 428 5 3073.0257 3563.454 2 0.1376 0.0133
CR_c 0.001 2 0.1617 0.1629 0.007 4 0.004 7
DO 19.218 3 4435.810 4 4 455.028 7 0.004 3 0.005 3
Cs 0. 000 4 0.059 1 0.059 4 0.005 9 0.003 5
CE 0.005 7 0.1636 0.169 3 0.0336 0.007 6
ICF 1.4151 79.120 0 80.5350 0.017 6 0.006 9
IFL_c 17.0517 4414.0200 4431.0718 0.003 9 0.005 2
GL 2.4309 31.9212 34.352 1 0.070 8 0.010 3
®3 THIESEFEHEMERESEEHEEMREEX
Table 3 Genetic correlations and phenotypic correlations among fertility traits in Holstein heifers
PR Trait AFC AFS CR_h IFL _h
AFC 0.550 4 —0.6920 0.8351
AFS 0.427 2 0.177 3 —0.3675
CR_h —0.4876 0.1260 —0.8458

IFL_h 0.908 4 —0.5381 —0.5507

XF AR 5 s A AR O X AT 7 S AR A O

Above the diagonal indicates genetic correlation; below the diagonal indicates phenotypic correlation
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Table 4 Genetic correlations and phenotypic correlations among fertility traits of first-parity Holstein cattle

riij; BwW CR_c DO CS CE ICF IFL ¢ GL
BwW —0.2010 0.3013 0.3836 0.0530 0.0100 0.3208 0.5117
CR_c —0.006 4 —0.7000 0.2724 —0.2455 —0.096 9 —0.768 8 0.1352
DO 0.023 3 —0.5289 —0.076 5 0.2186 0.7087 0.964 2 —0.2509
CS 0.2849 0.0297 —0.034 9 —0.553 3 0.026 6 —0.0659 0.4356
CE 0.076 1 —0.0209 0.0177 —0.2267 0.1351 0.2700 —0.0377
ICF 0.0211 —0.034 4 0.176 3 0.002 8 0.016 6 0.4016 —0.0594
IFL_c 0.019 8 —0.5330 0.9859 —0.036 9 0.016 9 0.024 9 —0.1999
GL 0.390 4 0.000 2 —0.0030 0.234 4 0.0110 —0.007 2 —0.004 2

X 2 T R AR OG X MR O S R O

Above the diagonal indicates genetic correlation; below the diagonal indicates phenotypic correlation

R5 TRRRTTETIEAE 4 A MR B E A E R FRBAE X

Table 5 Genetic correlations and phenotypic correlations among fertility traits of second-parity Holstein cattle

Tfji BW CI CR_c (O CE ICF IFL ¢ GL
BwW 0.1840 0.013 4 0.190 4 0.164 8 0.3357 0.1530 0.1857 0.5777
CI 0.062 0 —0.3217 0.5127 0.0139 0.2951 0.254 5 0.536 4 0.162 0
CR_c —0.0068 —0.0411 —0.8554 0.2276 —0.2559 —0.1314 —0.8816 0.030 8
DO 0.0212 0.050 0 —0.5367 —0.0122 0.192 5 0.5911 0.990 4 —0.000 2
(ON} 0.3587 0.034 3 0.0213 —0.0138 —0.0810 —0.0750 —0.0688 0.1849
CE 0.018 3 0.0357 —0.0167 0.014 6 —0.176 3 0.007 5 0.2171 —0.0205
ICF 0.022 5 0.0407 0.002 4 0.1397 0.008 9 0.018 3 0.452 6 0.0155
IFL_c 0.017 3 0.044 8 —0.5440 0.989 1 —0.014 3 0.014 2 0.006 3 —0.0399
GL 0.454 4 0.093 2 0.008 5 —0.005 3 0.342 5 —0.0110 0.0136 —0.0100

XF L T s e A O X AT 7 S SRR Ok

Above the diagonal indicates genetic correlation; below the diagonal indicates phenotypic correlation

R6 ZRRIRTTHETIE A4 S MK B S E R R TR B X

Table 6 Genetic correlations and phenotypic correlations among fertility traits of third-parity Holstein cattle

Tfrijft BW CI CR_c (O CE ICF IFL ¢ GL
BwW 0.2383 —0.5921 0.2249 0.3010 0.3627 0.117 3 0.157 5 0.559 2
CI 0.059 6 —0.5486 0.8187 0.1936 0.2788 0.080 1 0.8302 0.088 4
CR_c 0.002 9 —0.0270 —1.000 0 0.4927 —0.2334 0.142 4 —0.826 0 0.0420
DO —0.007 8 0.043 9 —0.5351 —0.7273 —0.4022 0.3532 0.9370 —0.5527
(ON} 0.3436 0.0355 0.0315 —0.0309 —0.4058 0.023 8 —0.8603 0.748 9
CE 0.009 1 0.0327 —0.0290 0.029 5 —0.1610 —0.6276 —0.3530 —0.0439
ICF 0.0214 0.046 0 —0.002 4 0.1336 0.008 9 0.002 6 0.122 9 —0.069 4
IFL_¢ —0.0117 0.0345 —0.543 3 0.9881 —0.028 5 0.0255 —0.0040 —0.5661
GL 0.492 5 0.076 3 0.010 3 —0.007 1 0.3328 —0.0087 0.022 4 —0.0110

XL T R AL AR G R ETR T S AR AAR O

Above the diagonal indicates genetic correlation; below the diagonal indicates phenotypic correlation
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Table 7 Genetic correlation and phenotypic correlations of the same fertility trait across different parities in Holstein cattle

AR Trait BW CR_ ¢ DO (N} CE ICF IFL ¢ GL CI
T2 0.8917 0.999 8 0.693 6 0.190 4 0.7308 0.696 6 0.990 8 0.9314

Tt 0.9170 0.999 8 0.9997 0.806 0 0.344 3 0.8857 0.996 9 0.8837

a3 0.9728 0.999 5 0.998 4 0.999 8 0.999 8 0.966 5 1.0000 0.9722 0.997 5
T, 0.168 5 0.024 0 0.0487 0.026 8 0.1103 0.066 0 0.0338 0.1287

T3 0.1552 0.0312 0.038 2 0.030 6 0.030 3 0.0341 0.036 6 0.114 2

To2.p3 0.1932 0.0320 0.0571 0.0416 0.087 8 0.077 4 0.0415 0.150 6 0.0612

T IR AEAR DG 1y, R BUAR G

I, denote genetic correlations, while r,;
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