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Abstract: The objective of this study was to estimate the genetic parameters of reproductive traits in
heifers and adult cows and to elucidate the genetic correlations of these traits between heifers and adult
cows as well as across different parities. This study collected a total of 84 061 reproductive records,

including calving, insemination, and pregnancy diagnosis, from 37 329 Holstein cows in 6 large-scale
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dairy farms in Jiangsu Province between 2020 and 2024. Among these, 31 689 records were from
heifers and 52 372 records were from cows. Genetic parameters were estimated using the average
information restricted maximum likelihood (AI-REML) procedure implemented in the DMU
software based on animal and repeatability models. The results showed that the heritability estimates
of reproductive traits in heifers ranged from 0. 04 to 0. 52, with the highest value observed for age at
first service (0.52240.01) , while the heritability of the other traits ranged from 0.04 to 0.22. In
heifers, the genetic correlations among age at first service, age at last service, and age at first calving
were high, ranging from 0.73 to 0.98. In cows, the highest genetic correlations were observed
between days open and the number of services and interval between first and last service, with values
ranging from 0. 95 to 0.96. The genetic correlations of reproductive traits between adjacent parities
were relatively high, with values ranging from 0. 62 to 0. 68 between heifers and primiparous cows.
By contrast, the correlations between heifers and multiparous cows were low (0.05-0.15).
Furthermore, phenotypic correlations across different parities were generally low, ranging from 0. 01
to 0. 18. In addition, the absolute genetic correlations of number of services and interval between first
and last service with other traits were relatively high, ranging from 0.28 to 0. 97, suggesting that
these traits could serve as important indicators of reproductive performance in both heifers and cows.
This study systematically elucidated the genetic parameters of reproductive traits in Holstein cattle in
Jiangsu Province, providing a theoretical basis for the genetic improvement of reproductive traits in
this population.
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Table 1 Reproductive trait names, abbreviations, and definitions for heifers and cows

28 51 PEAR 455 7E X

Group Trait Abbreviation Definition

HAEF WIHE H # Age at first service AFS BEWE AP H S AR H A 2 T 6 T B R 2

Heifer I H i Age at last service ALS SRR 915 5 e 4 902 1B ] K
w7~ H it Age at first calving AFC PR H S AR H I 22 1] Ta) B R

[REE = 775 B I A A B Interval to first IFSC 7P 5 B R EC R H )5 IR H O 2 JR] A (] B K R

Cow service after calving

FE4E ] B Calving interval
2 MR EL Days open
TARF MR EOREC AN E MR Interval from first to

Heifer and cow last insemination

Jit Fb ¥ %5 Number of services

B IR 3Z i 2 Conception rate at
first insemination
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Table 2 Descriptive statistics on reproductive traits of Holstein heifers in Jiangsu

AN 0 AL FH{H P v 22 R/MHE IEPN ]
Trait Number Mean SD Min Max
WINC A #%/d AFS 27 765 437. 89 38.01 342. 00 900. 00
KACH#%/d ALS 27 860 478. 45 82. 82 342. 00 960. 00
¥ H i /d AFC 29 330 750. 98 71.75 536. 00 1.080. 00
H AR AN FR /d TFL 28 861 32.51 52.72 0.00 280. 00
L AP /IR NS 29 212 1.92 1.34 1.00 10.00
BRI R Z 6% CR 29 330 0.51 0.50 0.00 1.00
F3 LR T A B4 A R R it

Table 3 Descriptive statistics on reproductive traits of Chinese Holstein cows in Jiangsu

AR AL T3 {H bR 22 e/ ME P[]
Trait Number Mean SD Min Max
7R E IR NG /d TFSC 42 034 69.53 13.43 30. 00 210.00
P e B /d C1 26 557 386.75 64.59 280. 00 640. 00
2z MRE/d DO 39 967 111. 54 58. 56 30. 00 305. 00
AR FC A E R /d TFL 41052 47.06 66.03 0.00 280. 00
JE AR CEL/ I NS 42 003 2. 30 1.75 1.00 10. 00
HIREAZ % CR 42 249 0.45 0.50 0.00 1.00
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Table 4 Variance components and heritability estimates of reproductive traits in Holstein heifers
PEIR T s 4% 75 2% BR25TT %% % 5 T e 1%
Trait 6, o’ h* SE
WIEE H i AFS 476. 87 431. 64 0.52 0.01
K H I ALS 828. 25 5446. 26 0.13 0.01
w177 Hiy AFC 1058.57 3655.79 0.22 0.02
EEN TR 188. 45 2479.86 0.07 0.01
L AP B NS 0.19 2.03 0.06 0.01
HIRFELANZ i % CR 0.02 0.23 0.08 0.01
x5 HHERBSFEHEERNAEZASFIEERN
Table 5 Variance components and heritability estimates of reproductive traits in Holstein cows
LESON T s 4% 75 2% KA EE )y 2% BR2TT % L 1 bR 1% L
Trait o’ 0 e o’ h? SE I,
RN/ QT TRISN(e 5.12 2.27 131.47 0.04 0.01 0.05
PR CL 60. 23 0.98 412. 87 0.13 0.01 0.13
R KA DO 138.72 151. 23 2959.19 0.04 0.01 0.09
EES RIS 192.9 149. 52 3 806. 74 0.05 0.01 0.08
BE Al OCE NS 0.15 0.13 2.69 0.05 0.01 0.09
HIRE A Z 6% CR 0.02 0.03 0.22 0.07 0.01 0.19
*6 FESEHEMRIERZEMNEEHEXMREMEX
Table 6 Genetic and phenotypic correlations among reproductive traits in Holstein heifers
PR BT H i KT H B H i oK e ol ] B T i IR % gf(kfm
Trait AFS ALS AFC IFL NS iﬁ‘” o
CR
HITC H % AFS 1.00 0.97(0.04)  0.73(0.03) —0.28(0.05) —0.47(0.05) 0.39(0.05)
K H ¥ ALS 0.43" 1.00 0.98(0.01) 0.53(0.05) 0.37(0.07) —0.50(0.06)
#17= H #% AFC 0.27" 0.94" 1.00 0.58(0.04) 0.44(0.06) —0.46(0.09)
T A B AN E] B TFL —0.02" 0.81" 0.76" 1.00 0.86(0.03) —0.38(0.05)
PE e OB NS —0.07" 0.68" 0. 60" 0.80" 1.00 —0.56(0.02)
HIRELFZ 6% CR 0.06" —0.48" —0.47" —0.65" —0.70" 1.00

Fe A b =R BRI A 7 I AR A A SRR IR 2 (] B 38 A% A DA L 35 5 D9 Dy S AR M 5 2T = XN 45 R =2 1]
MBI S o HHSC R ECE LA MFRIC AT 5 3R W3 MK P o R Bl A 56 (P<C0. 01) , #3878 I35 A 5 (P<C0. 05) , TE ki

RN R (P>0.05), F I+

The upper right triangle of the table shows the genetic correlations among reproductive traits in Holstein heifers, with standard
errors given in parentheses. The lower left triangle shows phenotypic correlations among traits. The superscript symbols next to
the correlation coefficients indicate significance levels: ** indicates highly significant correlation (P<C0.01), * indicates significant
correlation (P<C0.05), and no symbol indicates a non-significant correlation (P=>0. 05), the same as below

N N E B L g R 3 8 PN S OB L
Stk fe 49 0.68.0. 62 F10. 64, H Ffi % i vk 1
U5 o BRRE A A5 TR UK ] 1 B R IR 3 A i
FEl A 0. 10~0. 98, #H 2 P A~ Jif U 1] Fé) A G P 4 i
H 16 UOR 2 iR Wk Z 8] 8t 7 A8 DG & T 2 i R 3 JiG

R Z (], 2 BUAH SR 52 B AR ALY A2 AL 3

3 3 i
3.1 TrHTIB 4 SEE RN
AR B 58 X YT A b DX Ay 307 2 A BE A A PR R
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Table 7 Genetic and phenotypic correlations among reproductive traits in Holstein cows

FEAR Eﬁgg FAERE ARRM HORRMEIEE RN KRR
Trait IFSC CI DO IFL NS CR
RN/ N TRISNT® 1.00 0.65(0.04)  0.43(0.03)  0.36(0.05)  0.12(0.06) 0.14(0.06)
7B B CT 0.05" 1.00 0.94(0.07)  0.93(0.05)  0.52(0.10) —0.24(0.06)
2 M KEL DO 0.15" 0.13" 1.00 0.95(0.01)  0.96(0.01) —0.84(0.09)
By A Tl R] B TR L —0.11" 0.12" 0.97" 1.00 0.96(0.01) —0.97(0.01)
e A B NS —0.15" 0.10" 0.86" 0.88" 1.00 —0.95(0.01)
HIREAZ IR CR 0.06™ —0.09” —0.67" —0.67" —0.68" 1.00

*8 FE—MHREAB KRz ERIZEERLFIRIERE

Table 8 Genetic and phenotypic correlations of the same trait between different parities

LEN RN T b K £ IR B RN AZ iR 5 75 U ] B I dnl L PN
Trait IFL NS CR IFSC CI DO
ra0, al 0.68(0.01) 0.62(0.01) 0.64(0.10)

ra0, a2 0.15(0.07) 0.10(0.08) 0.13(0.07)

ra0, a3 0.13(0.08) 0.05(0.02) 0.12(0.08)

ral, a2 0.94(0.03) 0.98(0.03) 0.98(0.03) 0.30(0.07) 0.96(0.04)
ral, a3 0.56(0.12) 0.72(0.10) 0.86(0.15) 0.10(0.08) 0.48(0.15)
ra2, a3 0.67(0.10) 0.84(0.08) 0.93(0.14) 0.24(0.13) 0.65(0.10)  0.71(0.12)
0, pl 0.05" 0.06" 0.04™

0, p2 0.03 0.05" 0.03

0, p3 0.01 0.03 0.01

pl, p2 0.11" 0.10" 0.10" 0.18" 0.15"
pl, p3 0.07" 0.07" 0.07" 0.13" 0.07"
2, p3 0.10” 0.117 0.11" 0.15" 0.10" 0.10™

raj, ai F7R [f) — MR TE IR UK 15 11K j 22 18] 143844 A0 5C s rpi, pj R 7s Al — MR TE IR R 15 I 1K ) Z 1B W SR BUAR G o 45 = P9 83l Sy st
ARG AR R o Hh T AR 2R SO 0, HAR 1.2 3 43 AR 3R AN [8] fif Y 1) i B 4

raj, al denotes the genetic correlation of the same trait between parity 1 and j; rpi, pj denotes the phenotypic correlation of the same
trait between parity i and j. Standard errors of the genetic correlations are given in parentheses. In this table, parity O corresponds

to heifers, while 1, 2, and 3 denote cows in their first, second, and third lactations, respectively
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