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Performance comparisons of some nonlinear functions in describing the growth
curve of Zandi sheep breed
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ABSTRACT

In this research fitness of nonlinear models of VVon Bertalanffy, Gompertz, Brody and Logistic to describe the growth
curve of Zandi sheep breed of Khojir station was studied. In this order from 14569 body weight records (from birth to
400 days of age) which have been recorded as daily from 3581 heads during the years 1992 to 2014 were used. Each
model was fitted separately to body weight records using whole data, and also for different environmental factors
(i.e., sex, type of birth, season of birth, year of birth and age of dam) separately using the nonlinear least square
(NLIN) procedure of SAS. Goodness of fit of each model was determined using adjusted multiple coefficient of
determination (RzAdj), Akaike’s information criterion (AIC), root mean square error (RMSE) and Durbin-Watson
(DW). All used models in the current study fitted the growth data of Zandi sheep well based on different goodness of
a fitting criteria. However, the results showed that Logistic growth model with the highest accuracy (RzAdj: 0.9702;
AIC= 85886) and the lowest error (RMSE= 4.61) could describe growth curve better than the other growth models,
and was followed by Gompertz, Von Bertalanffy and Brody growth models, respectively. The results of this research
indicate that the Logistic model can be used to the regulate feeding programs, determination of management
problems and optimum slaughtering age of lambs at the Khojir breeding situation.
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Table 1. Equations of used non-linear models to describe the growth curve of Zandi sheep breed

FormulaT

Model

y= ﬂ-{l _ EJEI'_;‘T:I:]!
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o

YT A+ be

Von Bertalanffy (Von Bertalanffy, 1957)
Gompertz (Larid, 1966)

Brody (Brody, 1945)

Logistic (Nelder, 1961)

K — T = L= c. f . =T
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fy = Body weight at age t (day); a = Asymptotic mature weight; b = Integration constant; k = Maturity rate; e = Eluer’s number.
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Table 2. Parameters estimated (+ standard error) from fitting nonlinear functions on the daily body weight records of
Zandi breed lambs and statistics used in comparing goodness of them

Parameter ' Statistics *
Models
a b k R DW AIC RMSE
Logistic 34.49+0.06 7.38°+0.143 0.0267% + 0.0002 0.9702 1.15 85885.9 461
Von Bertalanffy 35.6"+0.09 0.53%+0.003 0.0138° £ 0.0001 0.9689 1.25 86512.7 471
Brody 36.9°+0.13 0.90° £ 0.002 0.0091¢ + 0.0001 0.9676 1.32 87129.4 481
Gompertz 35.2°+0.08 2.24° +0.019 0.0167° + 0.0001 0.9695 1.22 86263.1 4.67

sl 25 O el o badsial 3 s 5 sine sl Sl o5 fdie ué By, |
Loossile sl Gl sl = RMSE «S3ST slaosls jLne = AIC «yguily = 99 = DW coddipumnas s o o = R ¥
" Values with different superscript letters differ significantly at P<0.05.

' Rzadj: Adjusted coefficient of determination, DW= Durbin-Watson, AIC= Akaike’s information criterion, RMSE= Root mean square error.
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Table 3. Number of observations (in parentheses), Least-square means (+ standard error) of each of the mathematical
functions for the efficient environmental factors on the body weights of Zandi breed lambs and statistics used in

comparing goodness of them

Models and parametersT

Environmental factors Logistic Von Bertalanffy
b k R% DW AIC RMSE a b k R%i DW AIC RMSE
Sex of lambs Hkk ns Hxx Hokk ns Hokk
Male (6385) 36.8 7.34 0.0256  0.9722 1.25 37834.3 4.68 38.6 0.53 0.0129 0.9714 1.35 380145 4.74
(#0.10) (+0.198) (+0.0003) (£0.15) (+0.004) (+0.0002)
Female (8184) 326 7.34 0.0273  0.9735 1.16 46629.2 4.17 336 0.53 0.0144  0.9719 1.26 47095.9 4.30
(£0.08) (+0.184) (+0.0003) (£ 0.10) (+0.004) (+0.0002)
Type of birth *kk * ns Hkk *% *%
Single (12055) 34.7 7.23 0.0268 0.9709 1.17 711115 4.62 359 0.53 0.0140 0.9696 1.27 71643.3 4.72
(£0.07) (+0.152) (+0.0003) (£0.10) (+0.003) (+0.0001)
Twin (2514) 328 8.19 0.0263 0.9712 1.16 143955 4.23 344 0.55 0.0131 0.9698 1.27 14513.9 4.33
(£ 0.15) (+0.383) (+0.0006) (£0.22) (+0.008) (+0.0002)
Season Of b"-th *kk * *kk F*kk * F*kk
Spring( 1148) 31.4 6.26 0.0327 0.9703 1.02 6641.1 4.34 321 0.50 0.0179 0.9707 1.01 66235 4.31
(+0.20) (+0.405) (+ 0.0009) (£0.24) (+0.010) (* 0.0005)
Winter (13421) 34.6 7.65 0.0266  0.9708 1.14 78984.5 4.59 359 0.53 0.0136 0.9692 1.25 79712.9 4.71
(£0.07) (+0.157) (+0.0002) (£ 0.09) (+0.003) (+0.0001)
Age of dam (year) Hkk ns ns Hokk ns ns
2(3321) 33.7° 7.58 0.0265 0.9695 1.18 19494.9 4.55 35.0° 0.54 0.0137 0.9683 1.28 19624.7 4.64
(+0.14) (+0.312) (+0.0005) (£0.19) (x0.007) (+0.0002)
3(3119) 34.5% 7.32 0.0264 0.9708 1.15 18378.0 4.60 35.8% 0.53 0.0137 0.9694 1.26 18515.7 4.70
(+0.14) (+0.305) (+ 0.0005) (£0.19) (x0.007) (* 0.0003)
4 (2472) 34.5% 7.23 0.0272  0.9699 1.11 14707.0 4.73 35.6%® 0.52 0.0144 0.9686 1.19 14810.0 4.83
(£0.15) (+0.351) (+0.0006) (£0.21) (+0.008) (+0.0003)
5 (2314) 34.7% 7.48 0.0268 0.9707 1.15 13611.3 4.57 36.1% 0.53 0.0137 0.9693 1.23 13715.1 4.67
(+0.16) (+0.358) (+ 0.0006) (£0.23) (+0.008) (+ 0.0003)
>6(3343) 34.6* 7.30 0.0266 0.9711 1.19 19646.8 4.56 35.8% 0.53 0.0138  0.9697 1.29 19807.7 4.67
(£ 0.13) (+0.289) (+0.0005) (+0.18) (+0.007) (+0.0002)
Lambing year Hkk ns ke Hokk ns Hokk
1992-1997 (2597) 32.8° 7.21 0.0249° 0.9664 1.16 15128.4 4.44 34.2° 0.53 0.0129° 0.9651 1.28 15229.8 4.53
(£0.17) (+0.308) (+0.0005) (£0.23) (+0.007) (+0.0003)
1998-2003 (4204) 32.0° 7.25 0.0299* 0.9685 1.20 24895.3 4.67 32.7° 0.52 0.0164* 0.9676 1.25 25004.4 4.73
(+0.11) (+0.303) (+ 0.0005) (£0.13) (+0.006) (+ 0.0003)
2004-2009 (5461) 36.5° 7.44 0.0244"  0.9747 1.24 31601.0 4.36 38.5° 0.54 0.0121° 0.9735 1.32 31844.1 4.46
(+0.11) (+0.199) (+ 0.0003) (£0.16) (+0.005) (+0.0002)
2010-2014 (2307) 36.3% 7.93 0.0294* 0.9851 1.25 12299.1 3.47 37.3° 0.53 0.0153° 0.9827 1.53 12644.0 3.74
(£0.11) (+0.304) (+0.0005) (£ 0.16) (+0.006) (+0.0002)
Environmental factors Brody Gompertz
a b Kk R%i DW AIC RMSE a b k R%i DW AIC RMSE
Sex of Iambs *kk * *kk *kk ns K*kk
Male (6385) 40.5 0.91 0.0082 0.9702 1.42 38265.6 4.84 37.9 2.26 0.0157 0.9718 1.31 379245 4.71
(£0.22) (+0.003) (+0.0001) (£0.13) (+0.028) (+0.0002)
Female (8184) 34.6 0.90 0.0098 0.9705 1.33 47503.4 4.40 333 2.23 0.0173  0.9725 1.23 46922.6 4.25
(£ 0.14) (+0.003) (+0.0001) (£ 0.09) (+0.025) (+0.0002)
Type Of b'rth * ** *kk *kk *% *
Single (12055) 37.1 0.90 0.0094 0.9683 1.34 72147.6 4.82 35.5 2.22 0.0168 0.9701 1.24 71436.6 4.68
(+0.13) (+0.002) (+0.0001) (£0.09) (+0.021) (+0.0002)
Twin (2514) 36.2 0.92 0.0082 0.9682 1.35 14647.7 4.45 339 2.38 0.0161 0.9704 1.23 14461.7 4.28
(+0.33) (+0.005) (+0.0002) (£ 0.19) (+0.050) (+0.0003)
Season Of bll‘th *kk nS *hk *kk *k *kk
Spring( 1148) 32.8 0.89 0.0128 0.9705 1.02 6631.4 4.32 31.9 2.06 0.0211 0.9707 1.00 6624.3 4.31
(+0.30) (+0.008) (+0.0005) (£0.22) (+0.060) (+ 0.0006)
Winter (13421) 37.3 0.90 0.0089 0.9677 1.33 80354.9 4.83 355 2.27 0.0165 0.9698 1.22 79441.3 4.67
(£ 0.13) (+0.002) (+0.0001) (£0.08) (+0.021) (+0.0001)
Dam age (year) el ns ns folad ns ns
2(3321) 36.4° 0.91 0.0090 0.9669 1.36 19764.2 4.73 34.6° 2.28 0.0165 0.9688 1.24 19569.9 4.60
(+0.27) (+0.005) (+0.0002) (£0.17) (+0.042) (+0.0003)
3(3119) 37.1% 0.90 0.0091 0.9681 1.33 18647.9 4.80 35.3° 2.23 0.0165 0.9699 1.22 18461.8 4.66
(£0.27) (+0.005) (+0.0002) (£0.17) (+0.042) (+0.0003)
4(2472) 36.7% 0.90 0.0097 0.9674 1.25 14905.3 4.92 35.2¢ 2.21 0.0172 0.9691 1.16 14770.6 4.79
(+0.28) (+0.006) (+0.0003) (£0.19) (+0.048) (+0.0003)
5 (2314) 37.5% 0.90 0.0090 0.9679 1.30 13818.1 4.78 35.6 2.25 0.0166  0.9699 1.20 13673.6 4.63
(£0.33) (+0.005) (+0.0002) (£ 0.20) (+0.048) (+0.0003)
>6(3343) 37.2% 0.90 0.0091 0.9682 1.35 19959.9 4.78 35.4% 2.23 0.0166 0.9702 1.25 19745.2 4.63
(£0.26) (+0.005) (+0.0002) (£ 0.16) (+0.040) (+0.0003)
Year of birth el ns ok e ns e
1992-1997 (2597) 35.6° 0.90 0.0084° 0.9635 1.38 15341.2 4.63 33.7° 2.23 0.0156" 0.9656 1.24 15186.2 4.49
(£0.33) (+0.005) (+0.0002) (£0.21) (+0.044) (+0.0003)
1998-2003 (4204) 33.3¢ 0.89 0.0116* 0.9670 1.28 25088.6 4.78 32.4° 2.16 0.0192* 0.9679 1.24 24967.2 4.71
(£0.17) (+0.005) (+0.0002) (£0.12) (+0.039) (+0.0003)
2004-2009 (5461) 41.0° 0.91 0.0074"  0.9720 1.40 32150.4 4.59 37.7° 2.30 0.0149" 0.9741 1.29 31730.5 4.42
(+0.26) (+0.003) (+0.0001) (£0.14) (+0.029) (+0.0002)
2010-2014 (2307) 38.3" 0.90 0.0104" 0.9808 1.67 12883.8 3.94 36.9° 2.28 0.0183* 0.9835 1.45 12530.5 3.65
(£0.23) (+0.004) (+0.0002) (£ 0.14) (+0.039) (+0.0003)

el o pe Dglas 395 Sba NS g (FFF) /e N L (FF) o) o(F) /00 obaw jo aasuinl B o s e Sglis Kl oS it e dsPT
" ***p< 0.001; **P< 0.01; *P< 0.05; ns: non-significant (P>0.05).
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Figure 1. Fitting Logistic model to the sex of lamb (a), type of birth (b) and season of birth (c) describe growth curve
in Zandi lamb based on
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Figure 2. Fitting Logistic model to describe lamb growth in Zandi sheep based on age of dam (a), and year of birth (b)
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