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ABSTRACT

Objective: This study analyzed the impact of age at first calving (AFC) on the reproduction and longevity of Hanwoo (Korean beef
cattle) cows and proposed selection indices for genetic improvement of AFC.

Methods: Data on the age at first calving, lifetime calving count, lifespan, and productive lifespan of 30,534 cows born between 2010
and 2023 and culled or sold at 280 farms of 4 cooperatives in the Chungnam region participating in the Hanwoo cow test project, as
well as 49,723 calving interval data of these cows were used for analysis.

Results: The most frequent AFC for Hanwoo cows was approximately 24 months (736 days). Reproductive efficiency was highest
when AFC was close to 24 months, showing the shortest calving intervals. Superior performance in longevity and productive life was
observed within the 22-25 month range of AFC. The heritability of AFC was 0.12, which was higher than that of the calving interval
(0.08), indicating potential for genetic improvement through selection. Economic losses occurred if the age of first calving deviates
from the appropriate age range.

Conclusion: The study suggests selection index models that apply different economic weights based on 23 and 24 month split
points of AFC data, where the genetic characteristics of AFC change significantly. In addition, each model assigns different economic
weights for AFC according to the positive (+) and negative (-) values of the breeding value.
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Table 1. Structure and abbreviations of data divided by age at first calving

Abbreviation Range of data at first calving No. of heads
S22 From day 549 to day 671 4,420
S23 From day 549 to day 702 9,553
S24 From day 549 to day 732 15,990
S25 From day 549 to day 763 21,659
S26 From day 549 to day 793 25,092
A23 From day 703 to day 915 20,981
A24 From day 733 to day 915 14,544
FD From day 549 to day 915 30,534

A23, A24: data from 23 or 24 months of age at first calving onward; FD: full data (549-915 d); S22-S26: data up to 22-26 months
of age at first calving, respectively.

Statistical and genetic analyses
Z/ o] Tt ANOVA 2492 ¢ st YR 2 & (GLM) TS 2t
yikim = A + Byear; + Cyearx + Cmonth; + errorijim

Ao A Ai =1 A 238 YERUM 47]9] Z3to] 111, Byear=j MR S4d-S LFEFU™ 2010-2023'd S48 3T Cyean
3} Cmonth = k HA 258HA T} 29 22 19 (calendar monthy& WHEFUH 25HA-2 201120250 25HS 256k, 2R error &2
= o] Zo{%{TE. ANOVA 2412 215l SAS 9.4(SAS Institute Inc., 2013)2] GLM ZZA| A & o] 85}t

ML AR, Boi)o] SR EAl Bl 9T BA S 9ot B RS WAE A2E A ARED)S 71 EoR 23, Bt
d, AR AR s, 7HA| &, e vk R AT sl 23k & T residual effect) 2 o] Fo]F o 29H 4, Huhd
2 15, AEa= 1448520] %]t} o] 9 H & (mixed model)ol| A 2, BRHA, At 11 (fixed) g 2o 2L, 7HA| a kot e gt 2l
kg k= 9129] 9] & FHrandom effect)°| Tt A PR Yol Buke, 1, AAeT) ] B2 23} AW, ZiA et 23 At
B2 o] FojF o, 234, B 14 $F0|qlT} 7 k(farm)2t &5 2 S48 A3} o] A F ol f-ou|gh JFS vlAH 7]
£0] o] Qe QRIES FA YoM A|Q]gt o] f= w7tet Al S 2ol 23 72 E7]—,—Tr__L(contemporary group)] 3717}
- 2totd 217} 21, Aobale A9 R A £40] Yol 23 Tk vl 57] whgelrhoo, 199)

Qo)) el A 5 RbxkaTto] HALe thga) 2ol ZPgsigic.

FZi
2
[l

AoflA pE EAY 240l i, A 24 B G v 2

G = [G1GG13GuGis|, Gy = Agy;

G21G22G23G24G25

G31G32G33G34G35

G41G42G43G44G45
Gi51G52G55G54Gss

A HAS o)1, 0, i W3t G| S FHALo|R igh 7 2ol A7 falsatolch ST} B Eate] B
AFE gl 2O R Fpgsiglon] wEEe) BuiA S ot S E T e aateh AN BAE TR o] Foj ||, 97 L
A7 E ko] FAZE FEAE Qs 202 AT BRI HALE, = 107 ol B, 1 T A identity matrix)©] B, 0

l“l’ US Sl

Journal of Animal Breeding and Genomics 151



A study on the genetic characteristics and selection of first calving age in Hanwoo

P EAtolot. JAS &t BALE = 1020 = /= Tkl 715kl o o, Zhxf & dto]| thgh 24k R = 10% ©] 1L, 0%= ZFA}2)
B ito]o}, 242 WOMBAT (Meyer, 2007) =& 122 0]-85}0] Table 101 AAIE B A250) disiA 22 oA 24 (multi-trait

RESULTS AND DISCUSSION
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Figure 1. Frequency distribution of age days at first calving in Hanwoo.
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Table 2. Analysis of variance for age days at first calving

Source DF Sum of squares Mean square F value Pr>F
Area 3 363,924.2 121,308.1 429 <0.0001
Birth year 13 654,310.1 50,331.6 17.8 <0.0001
Calving year 14 25,324,582.7 1,808,898.8 639.2 <0.0001
Calving month 1 17,248,527.5 1,568,048.0 554.1 <0.0001
Error 30,492 86,295,654.8 2,830.1

DF: degrees of freedom.

Table 3. Change of age(days) at first calving according to number of breedings

No. of breedings N Mean Standard deviation Difference”
1 12,039 733.5 64.2

2 3,155 739.9 61.9 6.4

3 1,099 743.6 62.6 3.7

4 420 735.8 66.1 7.7

>5 259 744.0 68.8 8.2

"Difference of calving age days mean by number of breedings.
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Figure 2. Changes of gestation period and age at first calving according to calving season.

Changes in related economic traits according to age at first calving
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Table 5. Heritabilities (diagonals), genetic (lower diagonals) and phenotype (upper diagonals) correlations with
sampling errors for reproductive and longevity traits with using the full data (FD)

AFC ClI NC LS PL
AFC 0.12 0.014 0.01 0.007 -0.04 0.007 0.21 0.006 -0.04 0.007
CI 0.36 0.057 0.08 0.007 -0.09 0.007 0.01 0.007 0.01 0.007
NC 0.25 0.059 -0.39 0.038 0.40 0.020 0.83 0.002 0.89 0.001
LS 0.48 0.054 -0.07 0.043 0.93 0.008 0.30 0.019 0.95 0.001
PL 0.38 0.060 -0.12 0.043 0.96 0.005 0.99 0.002 0.30 0.019

AFC: age at first calving (d); CI: calving interval (d); FD: full data; LS: life span (d); NC: number of calvings for life; PL:
productive life (d).

Table 6. The genetic correlations of longevity traits with reproduction traits in the data sets partitioned by age at
first calving

i Age days at first calving Calving interval
NC LS IPIL NC LS IPIL

FD 0.250 0.485 0.380 -0.389 -0.071 -0.125
S22 0.433 0.489 0.453 —0.400 —0.083 —0.133
S23 0.393 0.435 0.389 —-0.398 —0.084 —0.132
S24 0.368 0.511 0.433 -0.377 —0.066 -0.117
S25 0.346 0.506 0.411 -0.392 -0.083 —0.130
S26 0.371 0.546 0.449 -0.373 -0.064 -0.117
A23 0.196 0.573 0.396 -0.418 -0.055 -0.146
A24 0.174 0.449 0.346 -0.396 -0.052 -0.120

A23, A24: data from 23 or 24 months of age at first calving onward; FD: full data; LS: life span; NC: number of calvings for life;
PL: productive life; S22-S26: data up to 22-26 months of age at first calving, respectively.
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Table 7. Estimates of genetic parameters for age days at first calving(AFC) and calving interval(Cl) in the data sets
partitioned by age at first calving

Data h%re RVarc AVarc gCrc,an h%a COVarcan AVar
FD 0.123 7109 999.3 0.357 0.081 135.8 144.7
S22 0.045 890.8 41.8 -0.236 0.077 -17.8 137.0
S23 0.075 1114.4 89.9 -0.220 0.077 —24.5 137.2
S24 0.107 1621.4 194.6 0.059 0.077 9.6 137.7
S25 0.128 2297.5 337 0.115 0.078 24.9 138.1
S26 0.127 3172.9 463.1 0.152 0.078 38.7 138.9
A23 0.122 3579.4 497.9 0.302 0.075 77.9 133.4
A24 0.092 2922.1 297.3 0.423 0.079 86.3 140.1

A23, A24: data from 23 or 24 months of age at first calving onward; AFC: age at first calving (d); AV: additive genetic variance;
CI: calving interval (d); COV: additive genetic covariance; FD: full data; h* heritability; gc: genetic correlation; RV: residual
variance; S22-S26: data up to 22-26 months of age at first calving, respectively.
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Table 8. Heritabilities (diagonal) and genetic correlations (lower diagonal) of traits in data sets partitioned by age

at first calving

Data S23 S24

Trait AFC CI NC LS PL AFC CI NC LS PL

AFC 0.07 0.11

CI -0.22 0.08 0.06 0.08

NC 0.39 -0.40 0.39 0.37 -0.38 0.42

LS 0.44 -0.08 0.93 0.39 0.51 -0.07 0.93 0.35

PL 0.39 -0.13 0.96 0.99 0.29 0.43 -0.12 0.96 0.99 0.33
A23 A24

AFC 0.12 0.09

CI 0.30 0.07 0.42 0.08

NC 0.20 -0.42 0.39 0.17 -0.40 0.39

LS 0.57 -0.05 0.83 0.34 0.45 -0.05 0.92 0.30

PL 0.40 -0.15 0.94 0.96 0.28 0.35 -0.12 0.95 0.99 0.29

A23, A24: data from 23 or 24 months of age at first calving onward; AFC: age at first calving (d); CI: calving interval (d); LS: life
span (d); NC: number of calvings for life; PL: productive life (d); S23, S24: data up to 23 or 24 months of age at first calving,

respectively.

Table 9. Estimated loss due to one month delay in calving (unit: Korean Won)

Item Expense Period (month) Monthly estimate
Calf sales revenue 3,800,000 223,529
Breeding cattle feed cost 1,075,426 89,619
Other costs for breeding cattle 1,253,525 104,460
Total 417,608

Source: KOSIS, 2018.

Table 10. Phenotypic and genetic (co)variances and economic weights of calving interval(Cl) and age days at first

calving(AFC) in four data sets

Gifpefin The first half The second half
CI AFC CI AFC
23 month  Phenotypic (co)variance CI 1782.6 -35.265 1781.3 52.399
AFC —-35.265 1204.4 52.399 4077.2
Genetic (co)variance CI 137.22 —-24.486 133.35 77.927
AFC —24.486 89.936 77.927 497.86
Economic weight AFC 14,977.3 Won/day -9,445.6 Won/day
24month Phenotypic (cojvariance CI 17828 ~25.299 1784.3 80.608
AFC -25.299 1816 80.608 3219.4
Genetic (co)variance CI 137.65 9.5801 140.13 86.26
AFC 9.5801 194.62 86.26 297.28
Economic weight AFC 9,678.4 Won/day -15,307.4 Won/day
Hcomomic ek e Goonidas vOLVaaAy ...

AFC: age at first calving (d); CI: calving interval (d).
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Figure 4. Frequency and selection indices for breeding values (days) of age at first calving based on 23-month (23M
Split) and 24-month (24M Split) data splits.
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