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ABSTRACT

This study was conducted to improve cow productivity by analyzing the heritability of the first calving interval trait of Hanwoo cows, and
to provide basic data that can be used in selecting and culling individual animals for farms. The data used in this study estimated the
genetic parameters by collecting the first calving interval and pedigree data of the second parity after the calculation of 311,981 cows
born from 1997 to 2017 that were a linear classification test by the Korea Animal Improvement Association. For the basic statistics and
variance analysis of the data, PROC GLM of SAS ver 9.1.3 was used, and RenumF90, REMLF90(Misztal et al., 2007) and computerized
programmed based on Fortran based on the AI-REML algorithm were used for genetic evaluation. As a result of the analysis, the average
value and standard deviation of the basic statistics at the first calving interval(FCI) were analyzed as 384.43+58.36 days, the first calving
age(FCA), the short order of FCA was 381.67164.63 days, 382.11157.14 days, 382.43155.73 days, and 382.80%56.33 days in the order of
18 months, 21 months, 22 months, and 24 months. Conversely, the long order of FCA was analyzed as 390.25%+63.90 days, 392.651+64.71
days, 393.821+64.88 days, and 394.17%64.86 days in the order of 30 months, 29 months, 28 months, and 27 months. The first calving
interval(FCI) was the shortest at 352.71+2.18 days in Gyeonggi-do, followed by 354.80+1.97 days in Gangwon-do, 381.34155.32 days in
Chungcheongbuk-do, 382.56£58.63 days in Jeollanam-do, Jeju-do, and Gyeongsangbuk-do, respectively. The region with the longest FCA
was 387.04£60.10 days in Gangwon-do, followed by Jeollabuk-do and Gyeongsangnam-do with 385.81459.05 days and 385.11+59.47
days, respectively, longer than other regions. It the basic statistics of the FCI according to the offspring sex, the FCI according to the
production of female and male was analyzed very similar to 384.08£58.35 days and 384.78 +58.37 days, and it was judged that the FCI
according to the sex of the second parity after the first parity difference was almost the same. The FCI between the second parity after the
first parity season was the shortest at 380.70£63.19, followed by spring and fall at 383.81%53.30 days and 385.98+65.75 days, respectively.
The season with the latest FCI was winter, indicating 389.83£56.61 days. The variance analysis results showed that FCI showed a high
significant difference (p<0.001) between the body condition score(BCS), the age at First Calving(AFC), and HYS(Herd-Year-Season). The
heritability of the first calving interval trait was estimated to be 0.175, showing low heritability similar to other studies. However, the cross-
validation of phenotypic data for the estimated breeding values was analyzed with a correlation coefficient of 0.876, and it was considered
that the genetic ability of cow fertility traits could be used by farmers.
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Table 1. Numbers of records by first calving interval factor considered on analysis models

BCSY No. Resion? No. Year? No. AFCY No.
1 312 Gyeonggi 29,471 <2012 9,192 <21 16,951
2 1,222 Gangwon 54,488 2012 12,980 21 29,091
3 15,877 Chungbuk 15,813 2013 31,014 22 51,417
4 49,818 Chungnam 35,194 2014 48,040 23 63,516
5 140,236 Jeonbuk 40,190 2015 50,428 24 55,684
6 76,448 Jeonnam 21,276 2016 53,094 25 34,489
7 24,022 Gyeongbuk 57,375 2017 56,108 26 22,537
8 3,820 Gyeongnam 57,565 2018 49,074 27 14,358
9 272 Jeju 660 2019 2,102 28 10,336
29 7,415
30 6,238
Total 312,027 312,032 312,032 312,032

UBCS: Body Condition Score, Resion?: Province of classification, Year®:Calving production year of classification, AFCY: Age at
first calving of classification

10

1) 7|z 5A4 24

2 Ao BotAS AFet]| Yol A Ql BRI ERRS S35k o n hoj|A] Al o] 2 Ao M= 2ak14tab
HE] 24kA} Afo]o] EutzA o thdt ATHE AA|SHITt ZAMEE] 24Fxk(First Calving Interval, FCI)2] 25 FA o] gt 24 2;
9] A wHst7] Ysto] At EREAFCol thell JE skl 4t 23t 9 7iA P EE 24 E BCS(Body Condition
Score), &OFA] AYAFA| S, AAtAE L AR (AFC, age at First Calving) THESH] 2771 AU FE7L §lo™ Hlo[/ 4l =
AArg 2 Tt § sfgats s Al A TS Bk A o] A2 A R Ak 2Rb7|Eo] A E oL Ao A] 24kake]
BUHAE A 9] st T2 4bxtke] BREHA Hlo] ] 9] 79 Al H Al o) H-&&| AL HAMIE S ost7] Ylsto] 5d 7] Sofx] Aik

71mo]] o5k Q1A 2t AI7| 2 A 2 Qs A5 50| EAYT o 2|7t Qlal 72 of| &-8-ok=t] of2]go] Jlof vhEH 4ibxpd
AR F 24 SR (FCI) ALERES o] 85T

olgl% 7| 2A 9l @ T B Hl missing H|o|E] & |45+ & SAS EA| 3j7] 2] MEANS Procedure S ©|-8-510] ZF P2 H40] 7|&
SAFE BAGHL, 250 A B2 U ] HAES melstr] Yol Hdt, EFHEAL 2 AG), 2 tighS F45to] 712 5AIFS
Table 201| A|AISFSATE.
Table 2. Descriptive statistics for calving interval trait in Hanwoo
Item No. of record Mean =+ Std? Min? Max?®
First Calving Interval (FCI) 312,032 384.43 + 58.36 290 630

UStd: standard deviation, ?Min: minimum, YMax: maximum
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Table 3. Descriptive statistics of First calving age on the first calving interval in Hanwoo

First calving age No. of record Mean =+ Std? Min? Max®
<18 1,408 381.671+64.63 292 630
19 3,819 386.30£62.93 291 630
20 11,724 383.19+£59.54 290 630
21 29,091 382.11£57.14 290 630
22 51,417 382.43+55.73 290 630
23 63,516 383.01£55.45 290 630
24 55,684 382.80+56.33 290 630
25 34,489 384.314+59.53 290 630
26 22,537 387.42+62.77 290 630
27 14,358 390.25£63.90 290 630
28 10,336 392.65+64.71 290 630
29 7,415 393.82£64.88 290 630
30 6,238 394.17+£64.86 292 630

Table 4. Descriptive statistics of calving year and month on the first calving interval in Hanwoo

Item No. of record Mean =+ Std? Min? Max?

Calving Year
<2008 1,676 382.41 + 61.80 294 627
2009 1,175 381.18 &= 58.63 293 629
2010 1,953 391.05 & 64.89 290 628
2011 3,323 391.68 & 62.41 291 630
2012 11,075 395.36 = 66.41 290 630
2013 28,681 392.43 & 62.30 290 630
2014 47,657 386.25 4= 59.89 290 630
2015 49,692 383.59 + 58.49 290 630
2016 52,948 382.44 &= 57.77 290 630
2017 55,800 385.56 = 58.97 290 630
2018 52,811 380.43 = 52.63 290 630
2019 5,241 351.57 &= 23.30 291 450

Calving month
1 15,725 389.93 &= 57.95 290 630
2 23,243 389.30 &= 53.17 290 630
3 47,539 388.32 = 51.10 290 630
4 49,635 383.29 +52.71 290 630
5 40,672 379.17 = 56.06 290 630
6 30,264 378.39 & 60.34 290 630
7 23,377 380.71 = 64.21 290 630
8 20,423 384.11 & 65.92 290 630
9 16,512 384.12 + 66.33 290 630
10 15,933 384.99 & 65.63 290 630
11 13,927 389.31 + 65.08 290 630
12 14,782 390.56 & 60.31 290 630

UStd: standard deviation, ?Min: minimum, YMax: maximum

AR EolEoM F B Tt 7|2 EA1S 247 AR Table 52+ H]w5ko] 3 -5(2002)2 gH-2] B4 Aol tieh E7d &t

Aol M WA AxAtR o] ERA 2 7727} 352,71 12.18% 7MY &L 9}013] theo 2= 957t 354.80+ 197 &2 e b= &
O|AT 7MY =L AL =HI T 2 359,64+2.09U 2 H 5} 0 AFLoM = 2| dE R =HB w7} 381 34+5532U 2 71
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Table 5. Descriptive statistics of region, offspring sex, calving season on the first calving interval in Hanwoo

Item No. of record Mean =+ Std? Min? Max®
Region
Gyeonggi 29,471 383.37156.84 290 630
Gangwon 54,488 387.04+60.10 290 630
Chungbuk 15,813 381.347+55.32 290 630
Chungnam 35,194 383.94+57.56 290 630
Jeonbuk 40,190 385.81+59.05 290 630
Jeonnam 21,276 382.564-58.63 290 630
Gyeongbuk 57,373 382.71£56.95 290 630
Gyeongnam 57,565 385.114+59.47 290 630
Jeju 660 382.57+55.51 292 625
Offspring
Female 157,404 384.08+58.35 290 630
Male 154,626 384.78+58.37 290 630
Calving season
Spring 137,846 383.81+53.30 290 630
Summer 74,064 380.70+63.19 290 630
Fall 46,372 385.98465.75 290 630
Winter 53,750 389.83+56.61 290 630
UStd: standard deviation, ?Min: minimum, YMax: maximum
Table 6. Analysis of variances for the first calving interval(FCI) trait in Hanwoo (N=312,032)
. Calving interval(CI)
Source DR NSD Fvalue
BCS 9 39,493.97 11.94%*
AFCY 15 214,468.30 64.83**
HYS? 5,976 77,96.66 2.36™*
Error 306,031 3,308

VAFC: Age at first calving, ?HYS: region and year, season at classification, *DF: degree of freedom, ¥MS: mean square
**: P <0.001, Mean square has high significant
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/‘\_]- BUEHA(FCDe] 2AHEA] ZA3}= BCS (Body Condition Score)2t ZAMETJ(AFC), HY'S (Herd-Year-Season)ol] Tisl 19| &
o] (p<0.001)Z LERTE 2A ZakzEAFCHOl 2101 Gutiérrez et al(2002)S ZAL 7} BCS] #74 @ to]| thato] 1= o
ey Aé (<0.01)S 7HA= Ao 2 B5k 1 3 5(2002)2 |92 4 aTto] tisto] 1T o] §-914 (p<0.01)S 7ML= Ao 2 B
Vg ol 2 AFolA REHA| 7} Bes, 2AHHY(RF)0l f914 2ol 2 A AR 2L Aake ek,

ol20] AJoj| A Euto] o] AL ol w2 AL 0]F pAkxFo] Bul7hA 2 Ax}4S WF-L Table 70 EA|E T A Hut

7—:].(FCI)——F1gure 194 & 4= Ql50] A 197l n]utol|A] 381.67U 2 7 EukzbA o] &A| Uelt T 383.959-S LrERA

19~2071€ L2 7P e e A2 Hol= 2100719 E, 2324703 Q1 38232, 382.91 Y H k= k7 Z ]t o] % 25267
o4 27~287H%J ,29-30711 e L7tol| A Bl E Zhzko] HubrhA 385542 391,269, 393,980l A] £ 4= Q) %o] XAt # o] &of

A5 Pl 38443 Ht YAt AojAl= FAIE B o] 7)ol A/d%ol Hil 2 71 Al7]ell AAsHAl =Rt of4oi

o
tfstol ol BE5HE 5 B whE RRIRIAS YA 4 ek & 4 ek,

Table 7. Estimation of according to monthly age group
Monthly age group to First Calving Hanwoo
<19 (SEY) 19~20 (SE) 21~22 (SE) 23~24 (SE) 25~26 (SE) 27~28 (SE) 29~30 (SE)
FCI 381.67 383.95 382.32 382.91 385.54 391.26 393.98
(1.72) (0.48) (0.20) (0.16) (0.25) (0.41) (0.56)
USE : Standard error

Trait

FCI
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Figure 1. Least square mean of monthly age at First Calving Interval (FCI)

RRIlE 24 BuzkA o) 40 BE Figwe 20] LERICh 20128 ERE 201967k iR 24T REIZHA L ol
73] 9htk. ol SokA] AAI7FAT WS WA el 250k Aok Hmarket pricoy’t IS H O 2 JEFAZ AA1D F9
57h] WAL A 7H %3k okl & AATBHET] AZHE i 2o] Z7FSHa A 0 2 WiAZkzo] Zobn)7] ho 2 AbR ik

F29EHA o] theh 33122 Table 80l & 4= 0] A7H f3 24k 0%)2 60792 S a3 Y H)/d7He 2
Ah(o%)2 2870002 EAEQ T - (0) 0.1752 TFE A5} fAFE A o] 4188 eI} o|eF 22 ATH= Beef
cattleo]] thot 207 FA o] A7Lof| A Goyache and Gutierrez (2001)2] 0.122} Brzakova et al. (2020)2] 0.08 2TH= ThA &=A] Uyttt 5

)5k gh9-0] 2uizhA o] f2d2] ATA Lopezetal. (2019)9] 0037 2 X0l & BT {3 24 Aol M & 4 gl%o] =
AR S A Eel §21EE 71 o2 s Fo| ol W f1 5 o] EAfste, MAl s o) PAbS giste] 24
A A e 2485718 A3 283 P edol ek gt
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Figure 2. Least square mean of year at First Calving Interval (FCI)

Table 8. Additive genetic variances (0%), error variances (%), heritabilities(h?) of First Calving Interval (FCI) trait on
Hanwoo

Trait 02" 02° h?

FCI 607.9 2870.0 0.175

ZAL EEREA ol iste] aAbdES B8 HHES Hsl] 9idtel 2945 7HEBV)T EHH7HPhenotypic value)©l o
T TAZ Table 992} Zo] EAI3HH 0 AP AN B 4= Q0] 0| JUBAS Lre et olof ufet g5 257HE
B3 A& 24 BUAFCHS 2 SF7HEBY)S B85t0] FaMA P o) 8T A9 e a0 BuhA A ok
LYY FE YA 4 ek At

Table 9. Mean accuracy of EBV in the cross-validation method

Trait Mean accuracy
FCI 0.876

i) NFE &3l P ASs7he SR 7HAIE Akl Bgsto] faet S o] AAE RS vjRISal o] & F3l At
P AR77IAE FEstal Qlom o|2fe s AlE P Al et e FAAA Wketl 2 2 itk s
&9 NF2 a5 9 SAF ol sto] NF=R/H AA 7] whEol =P g et Naea S o) AN Eite] 28
5o} 3-9.9] H4]52]0] A3} 20| Walo]n] HAl o] gt 352 7)ot Aol 23 4 Sl 7150] FExofop et
3 gz,

mebA, @57 ke ARSE Rl kol tisl] 7122 0= BAHIAQ o2 913l A FHiSe 3 vpe) o)d2 Aatstz]ol Zixvt
T} ZAF 0] 5 24k}e] BubzbA o] 2t 27} 2 AJAJE| 11 9) O U & Theme 10]4] 0] & £AJ5] A 245 245}
o] 242 flste] 1997-2017'34 A4 & =TSN HLlolM HPUALE B2 A4 312

0325F9] ZARRE] 24H714]
BoztAn SEAE S 43519 oM sheetAao] A Bab7bA(FC)Q] SAS5EH7IE 95 A R4S 2450 7|ZA 88
Aottt E5] thEE2o] ZAFET (First calving age)R1 =0l| sliddh= 21~247H & A BRkL7tol| A Buk7bA o] 71 ko
zAF Bukdo] WolAl g BokzkAo] 27tk s Bt
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2 A7E 9ol BT AR R tiste] 7| 2EA 2 A/d A7 5= AAISt] 77 AU FE7E glor H]o] A Ql
SRR TEe Afe s Al R 2HA(CDY] 89S 290027 H 630 Aol = 7Sl FA 02 312,032F
& SARRASI o A BIHARFC 7128 AT Haatat EEHA= 3844315836 2 2AIoHITE 3t g ato] @
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