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Effects of calving seasons on growth curve fitting
of Holstein cattle
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Abstract: [ Objective] The purpose of this study was to explore the growth curve with higher fitting degree for the
growth of Chinese Holstein cattle and influence of different calving seasons on the optimal growth fitting curve of Chinese
Holstein cattle. [ Method] A total of 7251 recordings of body measurements and weight of Chinese Holstein cattle which
were 3-24 months old were measured in a large farm in Jiangsu. SPSS 16.0 was used to calculate the average value and
standard deviation of body height, chest circumference, body oblique length, weight and the average daily gain of Chi-
nese Holstein cattle with different monthly ages and calving seasons. Logistic model, Gompertz model, Brody model and
Bertalanffy model were used to analyze the body height, chest circumference, body oblique length and weight, and the
average daily gain was fitted by Wood model. [Result] The fitting effects of different non-linear growth curve models were
different on Chinese Holstein cattle with different calving seasons. The Logistic and Brody models had generally better fit-
ness to each index than others, and Wood model was only suitable for fitting the average daily gain of cattle calved in win-
ter. The best fitting curves of body height, chest circumference, body oblique length and body weight were basically con-
sistent with the measured ones, but the fitting curves of average daily gain were obviously different from the measured
ones at some monthly ages. Different calving seasons had effects on the optimal fitting model, and the body measurement
and weight traits. At the age of six months, the cattle calved in autumn had significantly higher body height, chest circum-
ference, body oblique length, weight and the daily gain than those calved in summer(P<0.05, the same below). The cat-
tle calved in autumn at 21 months old had significantly higher body height, chest circumference, body oblique length,
weight and the daily gain than those calved in winter. The average daily gain of Chinese Holstein cattle with different cal-
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ving seasons increased firstly and then decreased with the increase of the monthly age, the cattle calved in winter reached
the peak of average daily gain firstly. [ Conclusion] The cumulative growth value and growth rate of body height, chest cir-
cumference, body oblique length, weight of Holstein calved in spring and summer are higher than those of Holstein
calved in autumn and winter. Therefore, it will be more accurate to fit the body measurement and weight of Chinese Hol-
stein cattle with optimal fitting model according to calving seasons.

Key words: Holstein cattle; body measurement; body weight; calving season; non-linear growth fitting model
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Table 1 Parameters and fitting effects of growth curve fitting of different calving seasons and models for body height of Holstein cattle

fisiill JrEEZEY RIS EL Model parameter 5RZE -5 il R
Model Calving season A B k Residual sum of squares
Logistic 4 Spring 146.474 -1.851 0.175 10.034 0.951
5 Summer 146.471 -1.648 0.179 7.252 0.964
Fk Autumn 148.060 -2.581 0.148 5.033 0.974
4 Winter 151.156 -3.486 0.124 8.516 0.956
Gompertz 4 Spring 147.165 0.577 0.154 10.168 0.950
& Summer 147.169 0.594 0.158 6.913 0.965
FK Autumn 148.923 0.551 0.131 4.723 0.975
4 Winter 152.694 0.524 0.105 8.702 0.955
Brody % Spring 148.045 0.464 0.134 10.360 0.949
& Summer 148.05 0.477 0.138 6.622 0.967
Fk Autumn 150.041 0.447 0.113 4.442 0.977
£ Winter 154.739 0.426 0.087 8.915 0.954
Von Bertalanffy % Spring 147.434 0.179 0.147 10.225 0.950
X Summer 147.439 0.184 0.151 6.810 0.966
K Autumn 149.262 0.171 0.125 4.626 0.976
4 Winter 153.308 0.163 0.099 8.770 0.955
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Table 2 Parameters and fitting effects of growth curve fitting of different calving seasons and models for chest circumference of Hol-

stein cattle

e e =] FEHIZ 4L Model parameter B2 5 Al R
Model Calving season A B k Residual sum of squares
Logistic % Spring 197.647 1.712 0.200 26.185 0.968
X Summer 199.511 1.993 0.190 23.778 0.972
Fk Autumn 196.546 1.852 0.199 10.763 0.986
& Winter 194.177 1.575 0.212 9.448 0.986
Gompertz % Spring 199.471 0.978 0.168 24.881 0.970
X2 Summer 201.888 0.998 0.156 22.081 0.974
Fk Autumn 198.582 0.994 0.165 10.446 0.987
A Winter 195.785 0.976 0.178 8.179 0.988
Brody % Spring 202.181 0.689 0.135 24.212 0.970
& Summer 205.481 0.693 0.123 21.102 0.975
Fk Autumn 201.625 0.693 0.131 10.830 0.986
£ Winter 198.086 0.692 0.145 7.407 0.989
Von Bertalanffy # Spring 200.253 0.290 0.157 24.578 0.970
& Summer 202.915 0.294 0.145 21.664 0.975
Fk Autumn 199.456 0.293 0.154 10.487 0.986
A Winter 196.457 0.290 0.167 7.859 0.989
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Table 3 Parameters and fitting effects of growth curve fitting of different calving seasons and models for body oblique length of Hol-

stein cattle

Jisil PR I ZHL Model parameter il R
Model Calving season A B k Residual sum of squares
Logistic % Spring 168.003 0.478 0.184 27.240 0.941
X Summer 172.790 0.318 0.145 10.473 0.977
Fk Autumn 167.256 0.865 0.175 15.698 0.967
4 Winter 167.050 0.114 0.164 23.674 0.943
Gompertz % Spring 169.517 0.798 0.155 27.446 0.941
X Summer 175.233 0.768 0.119 10.489 0.977
Fk Autumn 168.823 0.842 0.148 15.539 0.967
4 Winter 168.739 0.754 0.138 24.136 0.942
Brody % Spring 171.618 0.590 0.127 27.877 0.940
¥ Summer 178.836 0.570 0.094 10.691 0.977
Tk Autumn 171.104 0.617 0.120 15.616 0.967
£ Winter 171.065 0.566 0.112 24.685 0.941
Von Bertalanffy % Spring 170.139 0.240 0.145 27.563 0.940
X Summer 176.273 0.231 0.111 10.534 0.977
FK Autumn 169.486 0.253 0.139 15.535 0.967
2 Winter 169.429 0.228 0.129 24.309 0.942
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Table 4 Parameters and fitting effects of curve fitting of different calving seasons and models for weight of Holstein cattle

i8] FREE FEI S22 Model parameter B 22V 5 A R

Model Calving season A B k Residual sum of squares

Logistic % Spring 579.076 8.283 0.213 1264.933 0.948
5 Summer 618.025 9.566 0.182 536.400 0.977
Fk Autumn 564.792 8.565 0.215 329.635 0.985
4 Winter 553.360 8.049 0.212 289.383 0.985

Gompertz % Spring 611.330 2.377 0.143 1169.592 0.952
X Summer 666.501 2.317 0.118 438.062 0.982
K Autumn 596.925 2.489 0.144 305.213 0.986
4 Winter 583.708 2.305 0.143 238.942 0.988

Brody % Spring 708.598 1.034 0.071 1141.216 0.953
X Summer 835.236 1.003 0.051 382.777 0.984
Fk Autumn 695.182 1.051 0.071 347.893 0.984
4 Winter 667.149 1.029 0.074 237.652 0.988

Von Bertalanffy % Spring 631.118 0.596 0.119 1149.605 0.952
H Summer 697.755 0.579 0.096 412.090 0.983
K Autumn 616.637 0.617 0.120 308.839 0.986
4 Winter 601.475 0.582 0.120 231.321 0.988
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Table 5 The best curve fitting model of different calving seasons and each index

F4EZEYT Calving season 1A Body height JIi)FEl Chest circumference 1A RHE Body oblique length 1A Weight

% Spring Logistic Brody Logistic Brody

X Summer Brody Brody Logistic Brody

Fk Autumn Brody Gompertz Von Bertalanffy Gompertz

4 Winter Logistic Brody Logistic Von Bertalanffy

& 6 ARFEZETH A Wood B ATIE 4 F 1 HIEE# T H A M SHSH R MEHR

Table 6 Parameters and fitting effects of curve fitting of different calving seasons for daily gain of Holstein cattle by Wood model

PENEZY HIRIZH Model parameter HR2E-)5 R
Calving season A B C Residual sum of squares

% Spring 0.557 0.497 0.055 0.007 0.700
¥ Summer 0.628 0.369 0.042 0.004 0.699
Fk Autumn 0.550 0.481 0.054 0.004 0.770
4 Winter 0.827 0.243 0.040 0.002 0.909
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Table 7 The effects of different calving seasons on body measurements and body weight indexes of Holstein cattle at different month
ages

A% st FEAEL A (em) M FEl (em) ARHE (em) AR (kg) - H 3 (kg/d)
Month age  Calving season N Body height Chest circumference ~ Body oblique length Weight Average daily gain
3 % Spring 41 103.61+0.50b 112.2441.07 104.66+0.70a 131.13+3.18 0.95+0.03a
X Summer 316 102.18+0.22bc 110.84+0.25 105.01+0.24a 127.91+0.84 0.92+0.01ab
FK Autumn 8 101.38+1.02¢ 113.00+0.57 99.75+1.52b 125.83+2.94 0.85+0.02b
4 Winter 210 106.02+0.15a 111.31+0.34 101.29+0.22b 124.28+0.94 0.87+0.01ab
F 58.262 1.601 41.672 3.737 7.588
6 4 Spring 42 114.26+0.33¢ 141.26+1.38ab 119.19+0.41¢c 215.2243.74b 0.95+0.02b
X Summer 43 115.98+0.48b 132.28+1.21¢c 116.93+0.72d 202.35+4.76¢ 0.95+0.03b
K Autumn 100 117.56+0.35a 141.98+0.45a 120.81+0.43b 232.13+2.09a 1.09+£0.01a
4 Winter 77 116.614+0.19ab 139.04+0.77b 123.87+0.44a 226.03+2.16a 1.03+0.01a
F 14.065 22.601 30.278 18.939 19.022
9 7+ Spring 16 130.81+0.83a 163.75+0.86a 139.44+1.20a 327.60+5.88a 1.05+0.03a
5 Summer 42 129.02+0.52a 161.12+0.83b 136.14+0.84b 309.84+4.16b 1.00£0.01b
FK Autumn 68 126.88+0.50b 159.49+0.52b 136.38+0.67b 303.69+2.35bc 0.97+0.01b
£ Winter 27 118.33+0.55¢ 153.78+0.89¢ 124.78+0.44¢ 293.30+4.03¢ 0.97+0.01b
F 59.578 7.667 43.880 8.509 5.187
12 % Spring 26 132.77+0.50b 173.00+1.06bc 154.65+1.66a 406.14+8.27a 0.99+0.02a
¥ Summer 48 137.06+0.64a 175.44+0.84a 144.92+0.93¢ 391.64+6.50b 0.99+0.02a
Fk Autumn 182 132.91+0.46b 171.83+0.27¢ 143.79+0.27¢ 371.90+1.64c 0.90+0.00b
2 Winter 91 133.32+0.24b 173.74+0.41b 147.46+0.39b 389.90+2.52b 0.96+0.01a
F 9.260 10.934 47.252 17.919 27.83
15 % Spring 11 136.55+1.06a 177.27+1.33b 152.45+1.68b 420.00+10.10¢ 0.85+0.02b
X Summer 29 135.21+0.21ab 177.17+0.51b 151.34+0.61b 415.78+2.92¢ 0.83+0.01b
FK Autumn 32 134.22+0.27b 182.66+0.88a 153.22+0.82b 448.07+5.89b 0.92+0.01a
4 Winter 95 134.11£0.35b 183.06+0.53a 163.25+0.77a 479.93+4.64a 0.97+0.01a
F 3.149 14.919 40.415 25.809 22.691
18 4+ Spring 0 - - - - -
& Summer 60 138.82+0.49b 189.75+0.65a 167.48+0.86a 528.67+5.70a 0.90+£0.01a
K Autumn 83 141.90+0.39a 184.96+0.35¢ 158.67+0.51b 475.28+2.69b 0.79+0.01b
4 Winter 83 142.47+0.31a 186.30+0.39b 157.47+0.45b 478.69+3.04b 0.80+0.01b
F 22.836 27.195 76.593 58.117 71.744
21 7+ Spring 38 141.55+0.41¢c 191.66+0.34c 160.50+0.32¢ 516.00+2.55¢ 0.75+0.00¢
 Summer 166 145.77+0.28a 195.50+0.35a 163.25+0.39a 546.35+2.47a 0.79+0.00a
F Autumn 300 145.44+0.18a 193.85+0.25b 163.17+0.24a 537.10+1.89b 0.78+0.00b
4 Winter 102 144.26+0.34b 191.97+0.40¢ 161.84+0.40b 521.9142.08¢ 0.76+0.00¢
F 20.341 18.555 6.779 19.845 17.664
24 % Spring 6 145.83+1.92ab 199.83+1.30a 171.67+2.35a 600.32+14.87a 0.77+0.02a
5 Summer 50 147.56+0.45a 198.74+0.64ab 165.60+0.46b 572.95+4.99b 0.73£0.01b
FK Autumn 20 144.74+0.29b 196.16+0.19¢ 163.74+0.47b 551.34+2.23¢ 0.70+0.00¢
2 Winter 29 145.54+0.29b 197.18+0.30bc 165.31+0.43b 562.47+2.51bc 0.72+0.00bc
F 9.648 6.336 11.586 9.211 9.087

[l — JT 8% RISl 5 A [ /NS 5 B R 22 53 i 35 (P<0.05)

Different lowercase letters in the same column for the same month age represented significant difference(P<0.05)
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RO J5 28 faf I AR A R I R A TG T ek . AR
WFFEFFH UL 4R R 2P A K il ZRAR TR X T 55 M
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Fig.1 Comparison between fitting growth curve of the optimal model of body measurements and body weight of Holstein cattle in

different calving seasons and measured growth curve
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