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Abstract

Improving the reproductive traits of Hanwoo might decrease their production cost. Therefore,
this study was conducted to investigate the effects of environmental factors [registration grade
(basic, pedigree or advanced), birth year, birth season, parity, delivery year, and delivery
season] on various reproductive traits (age at 1st service, age at 1st conception, age for 1st
calving, days at 1st service postpartum, non-pregnant condition period, calving interval,
gestation length, and number of services for conception) in Hanwoo (primiparous 12,219
heads, multiparous 10,471 heads). All data was acquired from Gyeongnam province areas
which were surveyed from 2007 to 2015. All environmental factors significantly influenced (p <
0.01) reproductive traits of primiparous cows but, but not all environmental factors influenced
multiparous cows. Primiparous cows registered as advanced grade showed significantly lower
age at 1st service (by 15.36 days), age at 1st conception (by 8.66 days), and age for 1st
calving (by 8.77 days) (p < 0.01) than those registered as basic grades. Age at 1st service, age
at 1st conception and age for 1st calving were not significantly related to birth year in
primiparous cows. As delivery years advanced from 2005 to 2012, all durations associated to
reproductive traits tended to be shorter. Days at 1st service postpartum, non-pregnant
condition period, and calving interval tended to be shortened as parity increased. Days at 1st
service postpartum, days open, calving interval, and gestation in multiparous cows calved in
winter were shorter than those in summer. The registration grade was not a effected with
reproductive traits in Hanwoo.

Keywords: calving interval, environmental effect, gestation length, Hanwoo, parity
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Materials and Methods
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Table 1. Number of records analyzed for Hanwoo cattle reproductive traits.

Trait Number of records
primiparous cows multiparous cows
Age at 1st service? 8758 -
Age at 1st conception 12207 -
Age at 1st calving 12207 -
Days 1st services postpartum? - 8486
Non-pregnant condition period - 10471
Calving interval - 10471
Gestation length - 10471
No. of services for conception - 10471

st service and Number of services = 1.
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ol

e
2 Aol A ZAHE he- §1A g A of| gt i} B H A= Table 291 ot 24RO 2FHAF,
AL 462.77 +78.186%, 476.89 + 86.966%, 765.04 + 87.439L & LJEFH 11, HArQ-0] B

Zh, HAZHA, A7 E el ERBISE 69.52 + 19.1099, 71.07 + 19.4159, 360.76 + 20.455%, 289.69 +
1.21 £ 0.4833] 2 YEFTE

Table 2. Simple statistics for reproductive traits of Hanwoo cattle.

n Mean £ SD Max Min  Coefficient of variation (%)

Age at 1st service 8758 462.77 + 78.186 740 360 16.90

Age at 1st conception 12219 476.89 + 86.966 740 360 18.24

Age at 1st calving 12219 765.04 £ 87439 1056 608 11.43

Days 1st services postpartum 8486 69.52 £ 19.109 110 40 27.49

Non-pregnant condition period 10471 71.07 + 19.415 110 40 27.32

Calving interval 10471 360.76 + 20.455 425 302 5.67

Gestation length 10471 289.69 + 7.883 315 255 2.72

No. of services for conception 10471 121 £ 0.483 7 1 39.72
AP A O] ARt Ao gt U o] A5 A EH Kim et al. (1993)2 ZEFHLH 0] 5102, UL
52590, 244 E 808.7U & B 11FTh Han (2002)- 86 A-F-E| 95A7FA] o] Th¢-28,383F-9] HA7] 5-& RAloto] =
FHAH0] 466.11 +5.72Y, 2L L H I} 2AA 0] 480.10 + 6.15Y, 742.79 + 7.48Y, Bt & 2FH A 6497 +
142, FELS 72.06 + 1.73Y, HAIZHA 2 1 417]17H2 355.93 + 1,924} 285.63 + 0.14Y, FEIE SH35E
1.21 £0.022] = WeRgthal 2 a1stet, A Aot Hlw s 2 uf, 2 Aol TAME 23 RAH, 244 F, 24t

AL tha B0} o= A|&H Q) §h AT, 57t Bl nhE WA W Aj4le] &gt o 2 e

Ao
o
Ao
Ho 1z

AR9-0] WA o] FETR, FAVE, 2AAH0] 1A GFo] et B4R AVHE Table 3] b 2]
o} 2470 AP 7t 8 2Qlef G014 G T AR BAE et Table 40] 4419-0] 2k 2.1 of
TR A SETES AN SWEE, 2AAE, 44, BUhd e, BeiA)de o Aol RE P
oI & 0] G014 HATE SHAT FR I i S5 7R RS Alofeh mE PN fo)go] 1t
EFEA] Q49K o1 Kim et al. (1993)0] 41-0] MAIG Q] £t § 25 5U%, Belzh 8l A7} 557

Table 3. Means square and test of significance of reproductive traits in primiparous cows.

Source df Age 1st service® Age 1st conception Age 1st calving
Registration grade 2 144720.431* 66454.597* 60389.960**
Birth year 8 177265.234** 319897.822** 333147.923*
Birth season 3 178821.917* 260410.480* 278186.573*
Error 8744 5886.33
12193 7303.25 7373.13
st service and Number of services = 1.
**p < 0.01.
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Table 4. Least squares means and test of significance of reproductive traits in multiparous cows.

Days st Non-pregnant No. of services
Source df services -pregnar Calving interval Gestation length " )
S condition period for conception
Registration grade 3 53211 475.302" 909.266™ 114.203% 0.666*
Birth year 7 4659.810* 6009.124** 9179.329* 410.576* 0.350M
Birth season 3 3131.193* 3782.373* 5302.001** 130.487"° 0.0742"%
Parity 4 8534.868™* 11864.226™* 15494275 262.362* 0.457"
Delivery year 6 4505.655™ 5727.854* 9576.662** 524.694* 0.607**
Delivery season 3 3326.361* 5427.982* 3017.352** 412.516* 0.275"
Error 8457 359.077
10442 369.917 408.633 61.196 0.233

st service and Number of services = 1.
**p < 0.01, *p < 0.05, NS = Not Significant.
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2499 4 n5E 0
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Table 5. Least squares means and standard errors for reproductive traits by registration grade in primiparous cows.

Age 1st service

Age 1st conception

Age 1st calving

Basic Registration 464.95a + 2.774 473.94a + 2.649 761.58a = 2.661
Pedigree Registration 465.48a + 1.780 474.24a + 1.709 761.23a + 1.717
Advanced Registration 449.59b + 2.058 465.28b + 1.926 752.81b + 1.936

P-value p < 0.0001 p = 0.0001 p = 0.0003

a, b: Means in the same column with the same letters are statistically insignificant at 5% level of significance.
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E210] {ol 4 Zpol 7} glet. o] =
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Table 6. Least squares means and standard errors for reproductive traits by registration grade in multiparous cows.

DETS E non-pregnant No. of services for
services rpregnan Calving interval  Gestation length ’ )
condition period conception
postpartum
No Registration 59.99 + 2143 6248 + 1454 34946 + 1528 286.97 £ 0591 1.21ab £ 0.036
Basic Registration 59.74 + 1.923  63.38 £ 1.546  350.68 + 1.625 287.30 + 0.629 1.23a + 0.039
Pedigree 5953 + 1.827 6122 + 1.774 34800 + 1.864 286.79 + 0721  1.18b + 0.044
Registration
Ad\.’ance.d 59.37 + 1.830 6241 £ 1454  349.09 + 1528 286.68 + 0.591 1.18b + 0.036
Registration
P-value p = 0.9309 p = 0.2777 p = 0.0831 p = 0.1329 p = 0.0354

a, b: Means in the same

column with the same letters are statistically insignificant at 5% level of significance.
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Table 7. Least squares means and standard errors for reproductive traits by birth year in primiparous cows.

Age 1st service Age 1st conception Age 1st calving
2005 471.44ab * 8.668 470.29a + 8.542 755.74b + 8.583
2006 481.55a * 5.710 487.95a + 5.498 774.61ab £ 5525
2007 466.72ab + 4.684 479.45a + 4.375 765.65b + 4.396
2008 460.56b =+ 3.621 472.19a + 3.418 758.87b + 3.434
2009 459.30b + 2.937 477.94a = 2.691 765.24b = 2.704
2010 464.22ab + 2.059 478.72a + 1.947 766.42b + 1.956
2011 466.16ab + 1.875 485.82a + 1.740 775.21a + 1.749
2012 464.14ab + 1.796 478.13a + 1.692 767170 = 1.700
2013 405.98c + 3.992 409.91b + 3.986 697.93c + 4.005
P-value p < 0.0001 p < 0.0001 p < 0.0001

a - ¢ Means in the same column with the same letters are statistically insignificant at 5% level of significance.

AAre-0] SAYA L O] G I= Table 80l e Qict. BoF & 2FHASL 7| 7F HAIZHE, A1 7|17, el
ZH3Z20] AL 200530 SAYTE A7 71.36 + 1.816Y, 74.33 + 1.421Y, 362.88 + 1.494%, 288.54 + 0.578Y,

1.25 +0.0363) 2 UEFo ™ 20110l = 4537 £2.937Y, 48.01 +2.569%, 331.32 +£2.700%, 283.31 = 1.045¢ &
1.15+£0.0643] 2 A9} &a] 2005 H 2011 2] RE HAIg A o] ZrolA ), o]= AHARR o] HAIF Z o] 2005
UEE 20129 E7H2] EolEEs AdE & 5 Ak

Table 8. Least squares means and standard errors for reproductive traits by birth year in multiparous cows.

Days at 1st Non-pregnant . . No. of services
: . . Calving interval Gestation length )
services postpartum condition period for conception

2005 71.36a £ 1.816  74.33a + 1421  362.88a + 1494 288.54a + 0.578 1.25b + 0.036
2006 68.52a £ 1.722  72.06a + 1321  361.09a + 1.389 289.03a + 0.537 1.26a + 0.033
2007 64.58b £ 1.742  67.61b + 1352  355.83b + 1420 288.22a + 0.550 1.23b + 0.034
2008 62.65b + 1.846  65.30b + 1.468  353.31b + 1.543  288.01a + 0.597 1.18b + 0.037
2009 58.91c + 2.044 61.18c + 1678  348.28c + 1.764 287.10a + 0.683 1.18b + 0.042
2010 5462d £ 2260  57.08d £ 1.901  343.16d + 1.998 286.08ab = 0.773  1.18b * 0.048
2011 51.24e + 2524  53.40e = 2165 338.60e + 2276  285.19b + 0.881 1.17b + 0.054
2012 45.37f + 2.937 48.01f £ 2569  331.32f £ 2700  283.31c * 1.045 1.15b + 0.064

P-value p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 p = 0.1606
a - f: Means in the same column with the same letters are statistically insignificant at 5% level of significance.

Z41-of i3t /YA A 9 fﬂ}hTable 91} L}, o Fofl SAYSE 2AKS-] H- 2FH AT, 2 ULH, ALY
0] 448.96 +2.138%, 460.93 £ 2.051%, 747.99 £ 2.06 L 2 AAZ 714 B2 A XS H AP, A= 2T ZALS

S )
L 470.44 £2.152, 481.83 £2.063%Y, 769.62 £ 2.073L 2 714 71 AL B} AR O] AQ HojEo] 71S
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A&l vl B A g Aol A7 Uebd .

Table 9. Least squares means and standard errors for reproductive traits by birth season in primiparous cows.

Age 1st service Age 1st conception Age 1st calving

spring 455.99b + 1.911 465.61b + 1.833 752.82b + 1.842

summer 448.96c + 2.138 460.93b + 2.051 747.99b + 2.06

fall 464.64a + 2.472 476.26a + 2.340 763.72a + 2.352

winter 470.44a + 2.152 481.83a + 2.063 769.62a + 2.073
P-value p < 0.0001 p < 0.0001 p < 0.0001

a - ¢ Means in the same column with the same letters are statistically insignificant at 5% level of significance.
Table 102 4F9-o] oiigt &AM 0] G2 71gof /4% 4.0 B & 23094 Fe)7I7h A4, 4]
74

7|17, But & 2 ZFHolgo] 747 58.44 + 1,945, 61.19 + 1.575%Y, 347.93 + 1.655Y, 286. 1
3|2 71 A UG ©]i= Han (2002)0] H.11gt A-Zof glojdh A40] HAIgd o] 71 Soh= Ao} Z}o]

Table 10. Least squares means and standard errors for reproductive traits by birth season in multiparous cows.

Days at 1st non-pregnant _— ' No. of services
. o . Calving interval Gestation length .
services postpartum  condition period for conception

spring  60.83a + 1824  6362a + 1452 350.75a + 1526  287.13 % 0591  1.20 + 0.036
summer  5861b + 1872  61.35b + 1500 348.07b + 1577 28672 + 0610 121 + 0.038

fall 58.44b + 1945  61.19b + 1575 347.93b + 1.655 28674 + 0640 120 % 0.040
winter  60.73a + 1851  63.33a + 1472  35048a + 1547 28715 % 0599  1.19 + 0.037
P-value p < 0.0001 p < 0.0001 p < 0.0001 p = 0.0939 p = 0.8117

a, b: Means in the same column with the same letters are statistically insignificant at 5% level of significance.

Abzpol &t

Table 11+= 744F5-2] A1 G A of] thi gk 4bx}o] G 3HE Lrebd Zlo|t}, 24bafof| Al Bt & 25 H A5 68.11 £ 1.588
A FE]7|7E71.39 £ 1.178Y, HAIZEA 359.57 + 1.238Y, 21417]7F288.18 £ 0.479Y, FE 314 1.25+£0.0303 = =
= AR A 7 71 A4S YR, AP S7Fee] met 2F R U4, FE 7T 2 AR o] AR o] ThEE]=
[e]

A EQIe = 18It ©]= Han (2002)°] HAIgH 4Hxp7E Z7ketol whet 2 4 ¥ A7t ashe A wdet 4
VS Hol il Sl % oM e Add=r o] Avfet FAsH 21t & 2FH A4S A sto] 5 & TR0}
P71 A LfRt AAFE A oAl AS & 5
Table 11. Least squares means and standard errors for reproductive traits by parity in multiparous cows.

Days at 1st non-pregnant o . No. of services

Calving interval Gestation length

services postpartum  condition period for conception

2 68.11a £ 1.588  71.3%9a + 1.178  359.57a + 1238 288.18a + 0.479 1.25 + 0.030
3 63.10b + 1.691 66.45b + 1.303  354.10b + 1.369 287.65a * 0.530 1.23 + 0.033
4 59.26c + 1.894 61.59c + 1.521  348.25c + 1.598  286.66b + 0.619 1 19 + 0.038
5 56.43d + 2.17 58.50d + 1.812  344.86d + 1.904 286.36b * 0.737 A7 + 0.045
6 over 51.37e + 2522  53.93e + 2168  339.75e * 2.279  285.82b + 0.882 1.16 + 0.054

P-value p < 0.0001 p < 0.0001 p < 0.0001 p = 0.0018 p = 0.0970
a - e Means in the same column with the same letters are statistically insignificant at 5% level of significance.
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w0 Gyte FUhE Wt AR 7)E sl AR S-S w2 a9lso] gt A & glo] A
VIS E 7 Sl B 810t WA, Table 12 =751 A2 200704 20082 THA 0] H|o[E & A A % 73
Ab-o] MA P Aol gt FRd e o] GakE FAF 21§ 2FF AU A oA ZRhAEE Aol = Ho)
U A0 Aot g2 WiAgdo] gotAl s B3E HolA ¢fal 3IFF. Han (2002)9] B3l 7t AFE45
Aol AR e 220l Ustth A== a7t 75855 Fols A2 o olf= Ad=E] A
=4 HlofE Jla=2] Aol Q] Ao = Atm

Table 12. Least squares means and standard errors for reproductive traits by calving year in multiparous cows.

Days at 1st Non-pregnant — , No. of services
. " . Calving interval Gestation length )
services postpartum  condition period for conception

2009 69.94ab + 1506 72.52a + 1.404 360.85ab + 1.476 288.34b + 0.567 1.17b + 0.035
2010 68.55ab + 0.999  71.52a + 0.888 359.86ab + 0.933 288.34b * 0.358 1.27a £+ 0.022
2011 67.23b £ 0.708 69.12a + 0.642  357.69b * 0.675 288.56b + 0.259 1.24ab + 0.016
2012 68.78ab + 0.551  70.14a £ 0.510  359.18b + 0.536  289.04b * 0.206 1.19b + 0.013
2013 70.00a + 0437  71.40a + 0401  361.40a + 0422 290.00a * 0.162 1.21ab = 0.01
2014 7041a £ 0336 71.89a £ 0.305 361.96a + 0.321 290.07a + 0.123  1.23ab + 0.008
2015 68.54ab + 0.675  69.54a = 0.629 360.14ab + 0.661 290.60a = 0.254 1.19b + 0.016

P-value p = 0.0006 p = 0.0001 p < 0.0001 p < 0.0001 p = 0.0015
a, b: Means in the same column with the same letters are statistically insignificant at 5% level of significance.

Table 13 ¢ A 0] g 7Hs YeRd Ao|ot ButAdof| w2 F4ke-o] Bat & 2 F 5
A4, FE 717 HAITHA 9 41717k :
+0.616Y2 TF2 BEutA o] v|a] 71 AFS BT, ALH Eulto] 57.71 + 1.879%, 60.10 + 1.515%, 347.68 +
1.592%, 287.59 + 0.616 4 = ThE Ao H|ol| 42 S H Itk & dAolA] Yehde AE 23HAEo]
e Al vlof| -2 AR A 7= ol AL 2Rt 29 WAL B4 AE A o] HAA T Lol

AztA o] oA A e 2 At HT AlsE 7ol e A 292 Bt v 2 AT AE

Table 13. Least squares means and standard errors for reproductive fraits by delivery season in multiparous cows.

Pays at 1st Norl1-lpregnar.1t Calving interval Gestation length A serw.ces

services postpartum  condition period for conception

spring 60.26b + 1.886  63.04a £ 1.511  349.93a + 1589 286.90b + 0.615 1.21 £ 0.038
summer 60.79a + 1.886  63.62a £ 1.514  350.26a + 1.591 286.64b + 0.616 1.20 £ 0.038
fall 59.86b + 1.851 62.73a £ 1.472 349.35ab + 1547 286.62b + 0.599 1.19 £ 0.037
winter 57.71c £ 1879  60.10b £ 1515  347.68b + 1.592 287.59a + 0.616 121 + 0.038

P-value p < 0.0001 p < 0.0001 p < 0.0001 p = 0.0002 p = 0.3160
a - ¢ Means in the same column with the same letters are statistically insignificant at 5% level of significance.
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