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  INTRODUCTION 
Growth is one of the most important biological features of 
living things. While the proportional increase of body 
weight and organs biologically is defined as growth, the 
expression of the change observed in growth depending on 
age by a mathematical function is defined as growth curve 
or model (Trenkle and Marple, 1983; Efe, 1990; Owens et 
al. 1993; Kshirsagar and Smith, 1995). In general, the 
growth in living beings continues increasingly from birth to 
adult ages, then continues decreasingly and finally it stops. 
Although the growth curve varies from species to species, it 

is generally in the shape of the letter ‘S’ (sigmoidal curve) 
and consists of three parts as preparation phase, growth 
phase, and stagnation phase (Brown et al. 1976; 
Ratkowsky, 1983; Hyankova et al. 2001; Yakupoğlu and 
Atıl, 2001; Oda et al. 2016). While the curve orientation are 
being found by growth curve parameters, phases are esti-
mated and meaningful interpretations can be made at dif-
ferent growth points (Akbaş, 1995; Fekedulegn et al. 1999; 
Bilgin and Esenbuğa, 2003; Guatam et al. 2018; Balafrej, 
2019). On the other hand, these phases and hence the 
growth curve are affected by environmental factors such as 
genotype, dam age, sex, year, and season (Bilgin et al. 

 

In this study, it was aimed to model the growth curves of Awassi lambs in terms of live weight-age relation-
ships and macro environmental factors such as sex, birth type, year, month, and dam age, as well as to de-
termine a nonlinear model that explains the growth curves better. For this purpose, Gompertz and Logistics 
were used. The data set of the study comprised of the 3523 Awassi lambs’ live weights obtained at 10, 20, 
30, 50, 60, 90, and 120th days of age. In order to compare both models, the coefficient of adjusted determi-
nation (R2

adj) and the mean squared error (MSE) were used as the goodness of fit criteria. For the Gompertz 
and Logistics models, Gompertz model has the lowest MSE in all of macro environmental factors. While 
the estimated mean and standard errors of the asymptotic weight (A), the constant of integration (B), and 
growth rate (k) parameters were found respectively as 54.13 ± 0.59, 2.56 ± 0.008, and 0.01 ± 0.0001 for the 
Gompertz model, they were found respectively as 37.47 ± 0.18, 7.30 ± 0.03 and 0.03 ± 0.0001 for the Lo-
gistic model. For the Gompertz and Logistic models, age at inflection point (AIP), weight at inflection point 
(WIP) and maximal increment (MI) were found to be 5.55, 19.92, 51.00 and 66.26, 18.74, 68.40, respec-
tively. In addition, correlations between model parameters (rAB, rAk, rBk) were found as 0.86, -0.98, -0.75 
and 0.45, -0.91, -0.08 respectively for the Gompertz and Logistics models.The model that better described 
the growth of Awassi lambs in terms of MSE, AIP, WIP, MI and rAB, rAk, rBk values were found as the 
Gompertz growth model.  
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2004b; Saghi et al. 2007; Aytekin et al. 2011; Çelikoğlu 
and Tekerli, 2014; Kutluca and Emsen, 2016; Zimmermann 
et al. 2019). Furthermore, estimation of the weight-age rela-
tionship in farm animals by an appropriate model can be 
used for selection purposes in breeding studies (Akbaş, 
1996; Mignon-Grasteau et al. 2000; Gamasaee et al. 2010; 
Lalit Malik et al. 2016; Mohammadi et al. 2019).  

As a result of this, many growth curve studies have been 
carried out in different species and breeds (Wilson et al. 
1982; Perotto et al. 1992; Fekedulegn et al. 1999; Mignon-
Grasteau, 2000; Soysal et al. 2001; Şengül and Kiraz, 2005; 
Bayram and Akbulut, 2009; Şahin et al. 2014; Sariyel et al. 
2017). By various researchers, the growth characteristics of 
sheep have been explained by growth curves (Bhadula and 
Bhat, 1980; Akbaş et al. 1999; Thieme et al. 1999; Keskin 
and Dağ, 2006; Yıldız et al. 2009; Aytekin and Zulkadir, 
2013; Aktaş and Doğan, 2014; Koncagül et al. 2013; Lalit 
Malik et al. 2016; Yılmaz et al. 2017; Ghaderi-Zefrehei et 
al. 2018; Hojjati and Hossein, 2018; Paz et al. 2018; Van 
der Merwe et al. 2019).  

Awassi sheep is one of the domestic sheep breeds of Tur-
key, which is well adapted to hot and arid climate condi-
tions, has high adaptability to different environments, is 
raised with a migratory system in the Southeast Anatolia 
region, has priority in milk yield, and is dual-purpose breed. 
Many researchers have conducted studies related to the 
Awassi sheep and growth curve models. In their research 
carried out with Awassi, Morkaraman, and Tuj lambs, 
Esenbuğa et al. (2000) examined the relationship between 
live weight and age comparatively with the linear and 
nonlinear Brody model and they estimated the parameters 
of the nonlinear Brody growth curve. Bilgin et al. (2004b) 
estimated model parameters by using the Brody, Logistic, 
Gompertz, Bertalanffy, and Richards growth models in 
Awassi and Morkaraman sheep, and they reported that the 
parameters of the Brody model were more reliable and eas-
ier to interpret than the Richards model. In their another 
study focusing on testis circumference in Awassi lambs, 
Bilgin et al. (2004a) compared three-and four-parameter 
growth models with R2 values and reported that the Logistic 
model was the best models among the four-parameter Ta-
naka model and three-parameter models. In another study, 
Bilgin et al. (2004c) investigated the effect of dam age on 
growth in Awassi sheep by using the Brody model. Topal et 
al. (2004) estimated model parameters in Morkaraman and 
Awassi sheep breeds by using Brody, Bertalanffy, 
Gompertz, and Logistic growth models and compared the 
models with R2 and MSE criteria. Tekel et al. (2005) re-
ported that the Logistic, Gompertz, and Bertalanffy models 
identified the growth of Awassi lambs better than the Brody 
and Negative exponential models. Some researchers com-
pared Brody, Gompertz, Bertalanffy, and Logistic growth 

curve models in Awassi and Morkaraman female lambs and 
they reported that the best fit was ensured by the Brody 
model in Awassi lambs and by the Gompertz model in 
Morkaraman lambs.  

This study was carried out at the “Awassi-Sub-Project” 
of the “National Project on Animal Breeding in Public 
Hand” conducted under the coordination of the General 
Directorate of Agricultural Research and Policies under the 
Ministry of Agriculture and Forestry. The study was con-
ducted on the elite herd consisted of 3523 Awassi lambs 
which were the offspring of 2006 dam and 85 rams. In this 
study, it was aimed to estimate Awassi lambs’ 10, 20, 30, 
50, 90, and 120th days age-live weight relationships in 
terms of macro environment factors such as sex, birth type, 
birth year, dam age, and month of birth by using the 
Gompertz and Logistic growth curve models. In addition, it 
was aimed to use the goodness of fit criteria the R2

adj, MSE, 
and the correlation coefficients between the model parame-
ters, and age at inflection point (AIP), weight at inflection 
point (WIP) and Maximal Increment (MI) in the compari-
son of the models.  

 

  MATERIALS AND METHODS 
Animal materials 
This study was carried out in Osmaniye province within the 
scope of the “Awassi-Sub-Project” of the “National Project 
on Animal Breeding in Public Hand” conducted under the 
coordination of the General Directorate of Agricultural 
Research and Policies under the Ministry of Agriculture 
and Forestry. The study was conducted on the elite herd 
consisted of 3523 Awassi lambs which were the offspring 
of 2006 dams and 85 rams. The lambs were housed together 
with their dams after birth and weaned on about 90th day. 
Farmers of the region are generally engaged in animal 
breeding in close conditions to each other. While the 
feeding based on pasture and stubble grazing is performed 
through the nomadic system outside the winter period, the 
feeding based on hay and supported by grain is applied 
during the winter months. In this study, 3523 lambs’ live 
weights measured at the 10, 20, 30, 50, 60, 90, and 120th 
days of age starting from birth and total of 28184 data 
records were used. 
 
Statistical analysis 
In the study, variance analysis was performed using the 
GLM procedure and univariate option of the IBM SPSS 
v20.0 in order to examine the effects of macro 
environmental factors, such as sex, birth type, birth year, 
birth months, and dam age, on live weight (IBM Corp., 
2011). The model used for this purpose is given below 
(Kuzu and Eliçin 2002; Yılmaz et al. 2017). 
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Yijklmn= μ + ai + bj + ck + dl + fm + eijklmn 
  
Where: 
μ: mean of the population in terms of live weight. 
Yijklmn: live weight of nth lamb which has i sex, j birth type, 
and which was born in lth month in kth year from a dam with 
m age. 
ai: effect of i sex (i=1, 2). 
bj: effect of j birth type (j=1, 2). 
ck: effect of kth year (k=1, 2). 
dl: effect of lth month (l=1,…, 6). 
fm: effect of m dam age (l=1,…, 8). 
eijklmn: effect of thee random environmental factor affecting 
nth Awassi lamb which has i sex, j birth type, and which 
was born in lth month in kth year from a dam with m age.  
 

In comparison of weight means related to the macro 
environmental factors for each age, the t-test statistic was 
used for sex, type of birth, and year of birth, and the 
Duncan multiple comparison test statistic was used for birth 
months and means of dam ages (Genç and Soysal, 2018). 

The Gompertz and Logistic growth curve models were 
used to estimate the live weights of the Awassi lambs. The 
model equations and parameters examined are presented in 
Table 1 (Richards, 1959; Fatten, 2015).  

In the equations, BWt is the body weight at age t; BWA 
is the asymptotic or mature weight; B is the initial weight; k 
is the growth rate; t is the age in days. In addition, while 
AIP and WIP refer to the inflection points of age and 
weight dividing the curve into two at the point having the 
highest growth rate in sigmoid models, MI refers to the 
highest growth rate at these points (Richards, 1959; Fatten, 
2015). In order for the comparison of the growth curve 
models, the coefficient of adjusted determination (R2

adj) and 
mean squared error (MSE) values, which are goodness of 
fit criteria, were used (Pham, 2019). The goodness of fit 
criteria to compare the functions that will explain the 
growth of lambs are as follows: 
 
Adjusted determination of coefficient (R2

adj)=  
   

  
  

 
 
Mean square error (MSE)=  
 
  

: i. observation value.  

: i. estimated value. 

: average of observation values.  

k: number of parameters. 

n: number of samples.  
 

Parameter estimates in the models were made with the 
Levenberg-Marquardt iteration method by using the NLR 
procedure in the IBM SPSS v20.0 (IBM Corp, 2011). 
  

  RESULTS AND DISCUSSION 
The means and standard errors of macro environmental 
factors such as sex, birth type, birth year, birth months and 
dam age, which are thought to have an effect on growth of 
the Awassi lambs, from birth to their 120th day age (10, 20, 
30, 50, 60, 90, and 120th days of age) are presented in Table 
2. Also in this table, means are compared in each row. 

The macro environment factors of sex, birth type, month 
of birth, and dam age, which are thought to affect the 
growth of Awassi lambs, were found to be significant in the 
variance analysis (P<0.05). It was observed that male lambs 
were born heavier than females and single-born lambs were 
born heavier than twinborn lambs and their superiority 
continued until the 60th day. However, this difference was 
not found significant in later ages. On the other hand, the 
effect of only the year of birth on live weight was not 
statistically significant (P>0.05). 

In terms of their birth months, the live weight of the 
Awassi lambs was found to be significant in every age 
group studied (P<0.001). It was seen that the lambs born in 
February are the heaviest and this superiority continues at 
any age. In terms of birth weight, whereas the lambs born in 
November, December, and January rank second, the lambs 
born in March and April rank third. In terms of dam age, 
live weights of the Awassi lambs were found to be 
significant in all age groups (P<0.001).  

The oldest dam’s (eight-year-old) lambs were also the 
heaviest, and this situation affected the growth of the lambs 
at any age. The lambs of dams aged 7, 6, 5, and 4 years 
were also born as the heaviest respectively, and the smallest 
lamb was identified as the offspring of a one-year old 
sheep. Means and standard errors of the parameters 
estimated according to the Gompertz and Logistics growth 
curves models used to compare the models are given 
respectively in Table 3.  

In Table 3, When the Logistic and Gompertz models A 
parameters are compared in terms of macro environmental 
factors, were found between 32.14-38.52 in Lojistic model, 
and 50.41-61.45 in Gompertz model. The A parameter 
calculated with the Gompertz model was higher than 
Lojistic model those estimated with all of macro 
environmental factors. The highest mean A parameter 
values were estimated by the Gompertz model 61.45 ± 
6.535 for lambs of born in January. The B parameter was 
representing the ratio of live weight gain after birth to adult 
live weight and is also called live weight increase rate.  
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The B parameter was estimated higher then Logistic 

model than Gompertz model on all of macro environmental 
factors. The highest mean B parameter values 8.32 ± 0.15 
were estimated by the Lojistic model for lambs of single 
born. Furthermore, the k parameter that was commonly 
estimated by growth curve models shows at what rate the 
live weight at age t approaches the adult live weight. On all 
of macro environmental factors k value giving information 
about the growth rate was estimated with Logistic 
(0.03±0.0001), followed by the Gompertz (0.01±0.0001) 
model. The phenotypic correlations (rAB, rAk, rBk) of the 
estimated A, B and k parameters for the Gompertz and 
Logistics growth curves, the inflection of point on age and 
live weights AIP, WIP, and MI points, and the goodness of 
fit criteria R2

adj, and MSE values were given in Table 4. 
Table 4 shows in terms of the phenotypic correlations, 

rAB, rAk, rBk, inflection points, AIP, WIP, MI, and, goodness 
of fit criteria, R2

adj, MSE, values for the Gompertz and 
Logistic models.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the Gompertz model, in terms of rAB value, the highest 

value was seen with 98% in lambs born in January, and the 
lowest value was seen with 40% in lambs of four-year old 
dams. In terms of rAk value, the highest value was found as 
-99% in lambs born in January, February and April, and the 
lowest value was found as -90% in lambs of four-year-old 
dams. In terms of rBK value, the highest value was found as 
-99% in lambs born in January, while the lowest value was 
found as -4% in lambs of four-year-old dams.  

In the Logistic model, in terms of rAB value, the highest 
value was observed as 90% in lambs of five-year-old dams 
and the lowest value was observed as 19% in twinborn 
lambs.  

In terms of rAk value, the highest value was seen with -
98% in lambs of four, five and eight-year old dams and the 
lowest value was seen with -89% in twinborn lambs. In 
terms of rBK value, the highest value was found as -85% in 
lambs of the five-year old dams and the lowest value was 
found as -0.3% in lambs born in December.  

Table 1 Growth curve equations and coordinates of inflection point 

Growth curve models Equations AIP  WIP MI 

Gompertz  BWt= BWA exp (-B exp (-kt)) ln(B) / k A × 0.368 BWIP 

Lojistik BWt= BWA / (1+B exp (-kt)) ln(B) / k A / 2 BWIP / 2 
A, B and k: model parameters. 
AIP: age at inflection point; WIP: weigth at inflection point and MI: maximal increment. 

Table 2 Live-weight means and standard errors (Means±SE) of the Awassi lambs at ages from birth to 120th day according to the macro environment factors 

Age 
(days) 

Sex 

Means ± SE  

Type of birth 

Means ± SE  

Year 

Means ± SE  

Month 

Means ± SE  

Dam age 

Means ± SE  

 F M  S T  2014 2015  Nov. Dec. Jan. Feb. Mar. Apr.  1 2 3 4 5 6 7 8  

N 1831 1692 P 3347 176  1138 2385  397 741 1381 805 146 53  14 623 417 996 436 105 588 344  

Birth 
day 

3.91± 

0.70b 

4.22± 

0.69a 
*** 

4.09± 

0.71a 

3.40± 

0.44b 
* 

4.01± 

0.73 

4.08± 

0.70 
- 

4.04± 

0.82ab 

4.04± 

0.69ab 

4.10± 

0.46ab 

4.16± 

0.74a 

4.00± 

0.69b 

3.99± 

0.68b 
** 

3.53± 

0.28ab 

3.89± 

0.68ab 

3.97± 

0.72ab 

4.04± 

0.69a 

4.07± 

0.74a 

4.14± 

0.76a 

4.16± 

0.64a 

4.25± 

0.69a 
** 

10. 
day 

5.41± 

0.70b 

5.72± 

0.69a 
*** 

5.59± 

0.71a 

4.90± 

0.44b 
* 

5.51± 

0.73 

5.58± 

0.70 

- 
5.54± 

0.82ab 

5.54± 

0.69ab 

5.60± 

0.46ab 

5.66± 

0.74a 

5.50± 

0.69b 

5.49± 

0.68b 
** 

5.03± 

0.28ab 

5.39± 

0.68ab 

5.47± 

0.72ab 

5.54± 

0.69a 

5.57± 

0.74a 

5.64± 

0.76a 

5.66± 

0.64a 

5.75± 

0.69a 
** 

20. 
day 

7.31± 

0.71b 

7.62± 

0.69a 
*** 

7.49± 

0.71a 

6.80± 

0.44b 
* 

7.41± 

0.73 

7.48± 

0.70 

- 
7.44± 

0.83ab 

7.44± 

0.69ab 

7.50± 

0.46ab 

7.56± 

0.74a 

7.40± 

0.69b 

7.39± 

0.68b 
** 

6.93± 

0.28ab 

7.29± 

0.68ab 

7.37± 

0.72ab 

7.44± 

0.69a 

7.47± 

0.74a 

7.54± 

0.76a 

7.56± 

0.64a 

7.65± 

0.69a 
** 

30. 
day 

9.41± 

0.71b 

9.72± 

0.69a 
*** 

9.59± 

0.71a 

8.90± 

0.44b 
* 

9.51± 

0.74 

9.58± 

0.70 

- 
9.54± 

0.84ab 

9.54± 

0.69ab 

9.60± 

0.46ab 

9.66± 

0.74a 
9.50 ± 
0.69b 

9.49± 

0.68b 
** 

9.03± 

0.28ab 

9.39± 

0.68ab 

9.47± 

0.72ab 

9.54± 

0.69a 

9.57± 

0.74a 

9.64± 

0.76a 

9.66± 

0.64a 

9.75± 

0.70a 
** 

50. 
day 

11.61± 

0.71b 

11.92± 

0.69a 
*** 

11.79± 

0.71a 

11.10± 

0.44b 
* 

11.71± 

0.73 

11.78± 

0.70 

- 
11.74± 

0.84ab 

11.74± 

0.69ab 

11.80± 

0.46ab 

11.86± 

0.74a 

11.70± 

0.69b 

11.69± 

0.68b 
** 

11.23± 

0.28ab 

11.59± 

0.68ab 

11.67± 

0.72ab 

11.74± 

0.69a 

11.77± 

0.74a 

11.84± 

0.76a 

11.86± 

0.64a 

11.95± 

0.70a 
** 

60. 
day 

16.29± 

2.75 

16.99± 

2.79 
- 

16.63 

±2.81 

16.59± 

2.35 
- 

16.50± 

2.54 

16.69± 

2.91 

- 
16.83± 

2.38ab 

16.79± 

2.57ab 

16.92± 

1.66ab 

17.03± 

2.78a 
15.97± 
2.38b 

16.47± 

3.04b 
** 

14.78± 

0.79c 

15.72± 

2.80bc 

15.95± 

2.48bc 

16.26± 

2.79b 

16.37± 

2.88b 

16.85± 

2.88ab 

16.93± 

0.68ab 

17.38± 

2.77a 
** 

90. 
day 

22.03± 

3.91 

22.93± 

4.00 
- 

22.46 

±4.00 

22.54± 

3.50 
- 

22.31± 

3.49 

22.54± 

4.19 

- 
22.73± 

3.51ab 

22.66± 

1.96ab 

23.20± 

3.92a 

23.34± 

4.12a 

21.52± 

3.32c 
22.00± 
4.24bc 

** 
20.09± 
0.77c 

21.03± 

4.00bc 

21.75± 

3.32b 

21.70± 

4.12bc 

22.21± 

4.15ab 

22.74± 

4.07ab 

23.01± 

0.68a 

23.46± 

3.98a 
** 

120. 
day 

29.03± 

3.91 

29.93± 

4.00 
- 

29.46 

±4.00 

29.54± 

3.50 
- 

29.31± 

3.49 

29.54± 

4.13 

- 
29.73± 

3.51ab 

29.66± 

1.96ab 

30.20± 

3.92a 

30.34± 

4.12a 

28.52± 

3.32c 

29.00± 

4.24bc 
** 

27.09± 

0.77c 

28.03± 

4.00bc 

28.75± 

3.32b 

28.70± 

4.13bc 

29.21± 

4.15ac 

29.74± 

4.07ab 

30.01± 

0.68a 

30.46± 

3.98a 
** 

F: female; M: male; S: single and T: twin.  
*** (P<0.0001); ** (P<0.001); * (P<0.05) and -: non significant. 
SE: standard error. 
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In both models, a highly high and negative phenotypic 

correlation was estimated between the parameters of A and 
k in all macro environmental factors. This relationship 
shows that lambs with high maturation rate will have a 
shorter time to reach adult weight, but less adult weight. In 
the Gompertz model, the inflection point age and weight 
were estimated as 5.55 days and 19.92 kg respectively for 
the overall average, while in the Logistics model, these 
values were estimated as 66.26 days and 18.74 kg, 
respectively. 

According to Table 4, the model with the lowest MSE 
value (0.56) was the Gompertz model for the youngest 
dam’s (one-year-old) lambs. The model with the highest 
MSE value (6.48) was the Lojistic Model for the lambs 
born in November. In addition, Gompertz model has the 
lowest MSE and Lojistic model has the highest MSE values 
in all of macro environmental factors.  

Also, Figure 1 and Figure 2 show the growth curves of 
Gompertz, Logistic and real body weight growth patterns 
according to sex and bith of type of lambs, respectively. 

The study was carried out to determine the best model 
among Gompertz and Lojistic growth curve models by 
using the data on the increase in the live weights of Awassi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 Means and standard errors (Mean±SE) of the parameters estimated for the Gompertz and Logistic models 
 Lojistic Model Gompertz Model 

 Parametre (Mean ± SE) Parametre (Mean ± SE) 

 A B k A B k 

 37.47±0.18 7.30±0.03 0.03±0.0001 54.13±0.59 2.56±0.008 0.01±0.0001 

      Sex 

F 36.96±0.25 7.37±0.05 0.03±0.0001 53.35±0.80 2.57±0.01 0.01±0.0001 

M 38.03±0.26 7.24±0.05 0.03±0.0001 54.98±0.85 2.55±0.01 0.01±0.0001 

     Type of birth 

S 37.55±0.59 7.26±0.04 0.03±0.0001 54.34±0.61 2.56±0.008 0.01±0.0001 

T 36.07±0.59 8.32±0.15 0.03±0.0001 50.41±1.80 2.67±0.03 0.01±0.0001 

      Year 

2014 37.31±0.29 7.32±0.05 0.03±0.0001 53.90±0.93 2.57±0.01 0.01±0.0001 

2015 37.55±0.23 7.30±0.04 0.03±0.0001 54.24±0.74 2.56±0.01 0.01±0.0001 

     Dam age 

1 35.50±1.16 7.33±0.21 0.03±0.0001 52.07±3.388 2.58±0.05 0.01±0.0001 

2 37.47±0.37 7.73±0.08 0.03±0.0001 53.51±1.200 2.61±0.02 0.01±0.0001 

3 38.08±0.49 7.50±0.10 0.03±0.04 54.38±1.567 2.58±0.02 0.01±0.0001 

4 37.52±0.34 7.40±0.06 0.03±0.0001 53.85±1.076 2.57±0.02 0.01±0.0001 

5 37.27±0.49 7.26±0.09 0.03±0.0001 54.76±1.599 2.57±0.02 0.01±0.0001 

6 37.06±1.26 6.76±0.21 0.03±0.0001 54.64±4.111 2.50±0.06 0.01±0.0001 

7 37.52±0.35 6.81±0.09 0.03±0.0001 54.49±1.652 2.50±0.02 0.01±0.0001 

8 37.55±0.63 7.24±0.11 0.03±0.0001 54.78±2.067 2.56±0.02 0.01±0.0001 

      Month 

Nov. 36.92±0.311 7.13±0.06 0.03±0.0001 53.00±0.986 2.534±0.014 0.01±0.0001 

Dec. 38.52±0.381 7.51±0.07 0.03±0.0001 56.10±1.271 2.592±0.017 0.01±0.0001 

Jan. 34.71±1.410 7.12±0.25 0.03±0.0001 61.45±6.535 2.705±0.090 0.01±0.0001 

Feb. 32.14±1.258 6.41±0.22 0.03±0.0001 51.21±4.885 2.511±0.078 0.01±0.0001 

Mar. 37.02±0.521 7.05±0.09 0.03±0.0001 54.10±1.684 2.537±0.023 0.01±0.0001 

Apr. 32.67±0.515 6.69±0.09 0.03±0.0001 53.51±2.097 2.576±0.032 0.01±0.0001 
F: female; M: male; S: single and T: twin.  
SE: standard error. 

 
lambs from birth to the age of 120 days. For this purpose, 
R2

adj and MSE values were primarily used to determine the 
best model.  
When the model fitness is sorted in accordance with the 
MSE values, the model with the lowest MSE value and, the 
model with the highest R2

adj value are accepted as “the 
best” model. According to the results, Gompertz model has 
the lowest MSE, the highest R2

adj and, Lojistic Model has 
the highest MSE and the lowest R2

adj in all macro 
environment factors.  

According to the results, in females, the lowest mean 
square error was 5.52, the highest R2

adj value was 92% 
obtained with the Gompertz model, while, in males, the 
lowest MSE was 5.80, the highest R2

adj value was % 92, 
again, obtained with Gompertz model. When the Logistic 
and Gompertz models A parameter’s means are compared 
in terms of macro environmental factors, were found 
between 32.14-38.52 in Lojistic model, and 50.41-61.45 in 
Gompertz model. The B parameter was estimated higher 
then Logistic model than Gompertz model on all of macro 
environmental factors. The highest mean of B parameter 
were estimated as 8.32 by the Lojistic model for lambs of 
single born.  
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The mean of k parameter that gives information about the 

growth rate was estimated with Logistic as 0.03 and 
followed by the Gompertz model as 0.01. 

In a study conducted by Topal et al. (2004), the means of 
A, B, k parameters in Awassi lambs were found as 40.6, 
2.08, and 0.012 in the Gompertz model and as 38.9, 5.09, 
and 0.018 in the Logistic model, respectively. They found 
also R2 and MSE values as 98%, 2.2 and 98%, 2.8 for 
Gompertz and Logistic models, respectively. The means 
obtained in the study are consistent with the Gompertz 
model in terms of B and k and with the logistics model in 
terms of the A parameter. In addition, R2 and MSE values 
were similar and found to be greater than the values found 
in the study. In their research, Bilgin et al. (2004a) found A, 
B, k and R2 values in Awassi sheep breeds as 44.94, 1.77, 
0.19, and 97% for the Gompertz model and as 44.12, 3.93, 
0.28, and 97% for the Logistic model, respectively. Some 
researchers compared the growth patterns of the Awassi 
female lambs and they obtained the best fit with the Brody 
model. Additionally, they found the A, B, k, and R2 values 
as 34.09, 1.79, 0.0064, and 83.33% in the Gompertz model, 
and as 43.68, 0.89, 0.0005, and 97.21% in the Logis- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

tic model. In a study they conducted, Akbaş et al. (1999) 
used 15 models together with the Gompertz and Logistic 
models in Kivircik and Daglic male lambs. They found A, 
B, k, and R2 values for the Gompertz model as 113.16, 
2.87, 0.0047, and 99.63% in Daglic lambs and as 88.18, 
2.35, 0.0054, and 99.28% in Kivircik lambs, respectively. 
In addition, for the Logistic model, they found the same 
values respectively as 79.93, 6.81, 0.0080 and 99.37% in 
Daglic lambs and as 76.3, 6.25, 0.0093 and 98.67% in 
Kivircik lambs.  

Van der Merwe, (2019) reported that the asymptotic 
mature weights estimated by the logistic model are 
noticeably lower than those estimated by the Gompertz 
model in all of production groups. Tahtalı et al. (2020) 
reported that used live weights of both female and male 
Romanov lambs and the individual growth curves estimated 
with the Richard, Logistic, Gompertz and Cubic Spline 
models. They found the best model of the Cubic Spline 
model for both female and male lambs. 

These results show that even if the breeds were different, 
the results found in the study were consistent in terms of 
magnitude in the compared models.  

Table 4 In terms of the phenotypic correlations, rAB, rAk, rBk, inflection points, AIP, WIP, MI, and, goodness of fit criteria, R2
adj, MSE,values for the 

Gompertz and Logistic models 
Lojistic model Gompertz model 

 Correlations Goddness of fit Correlations Goddness of fit 

 rAB rAk rBk AIP WIP MI R2
adj MSE rAB rAk rBk AIP WIP MI R2

adj MSE 

 0.45 -0.91 -0.08 66.26 18.74 68.4 0.92 5.79 0.86 -0.98 -0.75 5.55 19.92 51.00 0.92 5.73 

SEX                 

F 0.45 -0.91 -0.08 66.58 18.48 68.10 0.92 5.59 0.85 -0.98 -0.75 5.55 19.63 50.45 0.92 5.52 

M 0.45 -0.91 -0.08 65.99 19.02 68.85 0.92 5.84 0.86 -0.98 -0.75 5.54 20.23 51.59 0.92 5.80 

Type of birth                       

S 0.46 -0.91 -0.10 66.08 18.78 68.17 0.92 5.84 0.86 -0.98 -0.76 5.55 20.00 51.20 0.92 5.79 

T 0.19 -0.89 0.23 70.62 18.04 75.05 0.94 4.55 0.68 -0.97 -0.52 5.59 18.55 49.53 0.94 4.55 

Year                 

2014 0.45 -0.91 -0.08 66.35 18.66 68.3 0.94 4.71 0.86 -0.98 -0.75 5.55 19.84 50.99 0.94 4.65 

2015 0.45 -0.91 -0.08 66.26 18.78 68.55 0.92 6.29 0.86 -0.98 -0.75 5.55 19.96 51.10 0.92 6.24 

Dam Age                      

1 0.58 -0.92 -0.24 66.4 17.75 65.05 0.99 0.69 0.90 -0.98 0.58 5.55 19.16 49.43 0.99 0.56 

2 0.33 -0.90 0.07 68.17 18.74 72.43 0.93 5.31 0.79 -0.98 -0.67 5.56 19.69 51.39 0.99 5.28 

3 0.35 -0.90 0.04 67.16 19.04 71.4 0.92 5.95 0.81 -0.98 -0.69 5.55 20.01 51.63 0.93 5.93 

4 0.89 -0.98 -0.80 66.72 18.76 69.41 0.92 6.06 0.40 -0.90 -0.02 5.55 19.82 50.94 0.92 6.02 

5 0.92 -0.98 -0.85 66.08 18.64 67.66 0.94 4.27 0.53 -0.91 -0.18 5.55 20.15 51.79 0.94 4.20 

6 0.65 -0.92 -0.34 63.7 18.53 62.63 0.91 5.60 0.92 -0.98 -0.85 5.52 20.11 50.28 0.91 5.51 

7 0.59 -0.92 -0.26 63.95 18.76 63.88 0.91 5.98 0.90 -0.98 -0.82 5.52 20.05 50.13 0.91 5.90 

8 0.88 -0.98 -0.78 65.99 18.78 67.98 0.91 6.16 0.50 -0.91 -0.14 5.55 20.16 51.61 0.92 6.09 

Month                       

Nov. 0.48 -0.91 -0.11 65.48 18.46 65.81 0.91 6.48 0.86 -0.98 -0.76 5.53 19.50 49.41 0.91 6.41 

Dec. 0.41 -0.90 -0.03 67.21 19.26 72.32 0.92 6.11 0.85 -0.98 -0.74 5.56 20.64 53.50 0.92 6.10 

Jan. 0.83 -0.93 -0.59 65.43 17.36 61.8 0.91 3.95 0.98 -0.99 -0.99 5.6 22.61 61.16 0.91 3.94 

Feb. 0.77 -0.93 -0.50 61.93 16.07 51.5 0.96 1.71 0.96 -0.99 -0.91 5.53 18.85 47.33 0.96 1.71 

Mar. 0.56 -0.91 -0.22 65.1 18.51 65.25 0.94 4.33 0.89 -0.98 -0.81 5.54 19.91 50.51 0.94 4.25 

Apr. 0.78 -0.93 -0.51 63.35 16.34 54.66 0.91 3.65 0.97 -0.99 -0.92 5.55 19.69 50.72 0.91 3.64 
F: female; M: male; S: single and T: twin.  
AIP: age at inflection point; WIP: weigth at inflection point and MI: maximal increment. 
MSE: mean squared error. 



Hızlı and Yazgan  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
On the other side, it is thought that factors such as sheep 

breeds, measurement range, and measurement time were 
effective on finding the R2 and MSE values different. 

When the ages and weights at the inflection point were 
compared, it was determined that these points were reached 
at a later age and lower weight in the Gompertz model 
compared to the logistics model. In the logistics model, 
depending on the k parameter, the inflection point was 
reached at an early age in lambs. The same results were 
found by Van der Merwe, (2019).  

In both models, whereas rAB is found positive, rAk and rBk 
were found negative. Furthermore, in the Gompertz model, 
the relationship level was found higher in all studied macro 
environmental factors compared to the Logistic model. The 
same correlation coefficients consistent with the results by 
Bilgin et al. (2004c) were obtained using the Brody model 
on Awassi sheep. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 1 Sex growth curves according to Gompertz and Logistic growth functions

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 2 Type of birth growth curves according to Gompertz and Logistic growth functions

Of the macro environmental factors studied, except the 
year, the effects of sex, birth type, month of birth, and 
maternal age were found significant at birth and various 
ages in the Awassi sheep. In their studies on different sheep 
breeds, many researchers reported that the effect of macro 
environmental factors such as sex, birth type, and maternal 
age on live weight at birth and at various ages was 
significant (Wilson et al. 1982; Aktas and Doğan, 2014; 
Lalit Malik et al. 2016; Yılmaz et al. 2017; Ghaderi-
Zefrehei et al. 2018). 

Throughout literature, it has been seen that models vary 
in accuracy according to the breed and situation that is 
being modelled. The studies that used body weight 
measurements during the study periods with fewer animals 
showed that the Brody, Gompertz, Logistic and Von 
Bertalanffy models are most suited to describe these 
datasets (Bilgin et al. 2004a; Topal et al. 2004). On the oth- 
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er hand, Mohammadi et al. (2019), found success in using 
the Brody model to describe growth of Mehraban sheep on 
a few static recordings per animal from a large population 
and, they were not estimated the parameters of growth 
curve under Logistic and Gompertz models for male and 
female Kordi lambs because of no convergence. In this 
study, when n number is large, convergence was achieved 
in Gompertz and Logistics models and Gompertz model 
was chosen as the better model. 

Also, Figure 1and Figure 2 the distributions of models 
and real body weights are examined in terms of sex and the 
birth of type of lambs, it is seen that the Gompertz model 
curve is closer to the real body weights. 

 

  CONCLUSION 

As a result, “National Project on Animal Breeding in Public 
Hand” The Gompertz model explained the live weight-age 
change of Awassi lambs raised in Osmaniye province 
within the scope of the “Awassi-Sub-Project”. The growth 
characteristics of Awassi lambs can be estimated using this 
model. Especially adult weight maturation rate by making 
use of the relationship between adult live herd possible to 
change the weight in the desired direction it seems. In addi-
tion, when n number is large, convergence was achieved in 
Gompertz and Logistics models and Gompertz model was 
chosen as the better model. 
 

  ACKNOWLEDGEMENT 
This study was carried out by using the data of the 
“Awassi-Sub-Project” of the “National Project on Animal 
Breeding in Public Hand” conducted under the coordination 
of the General Directorate of Agricultural Research and 
Policies of the Ministry of Food, Agriculture and Livestock. 
We would like to thank the General Directorate of Agricul-
tural Research and Policies of the Ministry of Food, Agri-
culture and Livestock, the Directorate of the Eastern Medi-
terranean Agricultural Research Institute, the Osmaniye 
breeding sheep and goat breeders association and all those 
who contributed. 
 

  REFERENCES 
Akbaş Y. (1995). Büyüme eğrisi modellerinin karşılaştırılması. 

Hay. Ür. Der. 36, 73-80. 
Akbaş Y. (1996). Büyüme eğrisi parametreleri ve ıslah kriteri 

olarak kullanımı olanakları. Ege Üniv. Ziraat Fak. Derg. 
33(1), 241-248.  

Akbaş Y., Taşkın T. and Demirören E. (1999). Farklı modellerin 
Kıvırcık ve Dağlıç erkek kuzularının büyüme eğrilerine uyu-
munun karşılaştırılması. Turkish J. Vet. Anim. Sci. 23(3), 537-
544. 

Aktaş A.H. and Doğan Ş. (2014). Effect of live weight and age of 
Akkaraman ewesat mating on multiple birth rate, growth traits, 
and survival rate of lambs. Turkish J. Vet. Anim. Sci. 38, 176-
182.  

Aytekin R.G. and Zulkadir U. (2013). Malya koyunlarında sütten 
kesim ile ergin yaş arası dönemde büyüme eğrisi modellerinin 
belirlenmesi. Tar. Bil. Derg. 19, 71-78. 

Aytekin R.G., Zulkadir U., Keskin İ. and Boztepe S. (2011). 
Fitting of different mathematic models to the growth curves of 
female malya lambs weaned at two different live weights, 
trends. Anim. Vet. Sci. J. 1(2), 19-23. 

Balafrej M. (2019). Determination of a new characterization point 
for nonlinear mathematical models applied to sheep. Int. J. 
Syst. Sci. Appl. Math. 4(3), 38-46. 

Bayram B. and Akbulut Ö. (2009). Esmer ve siyah alaca sığırlarda 
büyüme eğrilerinin doğrusal ve doğrusal olmayan modellerle 
analizi. Hayvan. Üret. 50(2), 33-40. 

Bhadula S.K. and Bhat P.N. (1980). Note on growth curves in 
sheep growth curves in sheep. Indian J. Anim. Sci. 50(11), 
1001-1003. 

Bilgin Ö.C. and Esenbuğa N. (2003). Doğrusal-olmayan büyüme 
modellerinde parametre tahmini. Hayvan. Üret. 44(2), 81-90. 

Bilgin Ö.C., Esenbuğa N., Macit M. and Karaoğlu M. (2004a). 
Growth curve characteristics in Awassi and Morkaraman 
sheep, part I: Comparison of nonlinear functions. Wool Tech-
nol. Sheep Breed. 52 (1), 1-7. 

Bilgin Ö.C., Emsen E. and Davis M.E. (2004b). Comprasion of 
non-linear models for describing the growth of scrotal circum-
ferance in Awassi male lambs. Small Rumin. Res. 52, 155-160. 

Bilgin Ö.C., Esenbuğa N., Macit M. and Karaoğlu M. (2004c). 
Growth curve characteristics in Awassi and Morkaraman 
sheep: II. Genetic and environment aspect. J. Appl. Anim. Res. 
26, 7-12.  

Brown J.E., Fitzhugh H.A. and Cartwright T.C. (1976). A com-
parison of nonlinear models for describing weight-age rela-
tionships in cattle. J. Anim. Sci. 42(4), 810-818. 

Çelikoğlu K. and Tekerli M. (2014). Pırlak kuzularda farklı 
büyüme eğrisi modellerinin vücut ölçülerine uyumunun karşı-
laştırılması. Lalahan Hay. Araşt. Enst. Derg. 54(2), 63-69. 

Efe E. (1990). Büyüme eğrileri. Ph D. Çukurova Üniversitesi Fen 
Bilimleri Enstitüsü, Adana, Turkey. 

Esenbuğa N., Bilgin Ö.C., Macit M. and Karaoğlu M. (2000). 
Awassi, Morkaraman ve Tuj kuzularında büyüme eğrileri. 
Atatürk Ü. Zir. Fak. Derg. 31, 37-41. 

Fatten A.M. (2015). Comparison of three nonlinear functions for 
describing chicken growth curves. Sci. Agric. 9(3), 120-123.  

Fekedulegn D., Mac Siurtain M.P. and Colbert J.J. (1999). 
Parameter estimation of nonlinear growth models in forestry. 
Silva Fenn. 33(4), 327-336.  

Gamasaee V.A., Hafezian S.A., Ahmadi A., Baneh H., Farhadi A. 
and Mohamadi A. (2010). Estimation of genetic paramaters 
for body weight and different ages in Mehraban sheep. African 
J. Biotechnol. 9(32), 5218-5223. 

Genç S. and Soysal M.I. (2018). Parametric and nonparametric 
post hoc tests. BSJ Eng Sci. 1(1), 18-27. 

Ghaderi-Zefrehei M., Rafeie F., Bahreini-Behzadi M.Z., Nazarı 
S., Muhaghegh-Dolatabady M., Samadian F., Maxwell T.M.R.  

 

586-577, )3(11) 2120(Animal Science Applied  ofIranian Journal   584 



Hızlı and Yazgan  
  

     and Amirpour Najafabadi H. (2018). Simple hierarchical and 
general nonlinear growth modeling in sheep. Turkish J. Vet. 
Anim. Sci. 42, 326-334.  

Guatam L., Kumar V.., Waiz H.A. and Nagda R.K. (2018). 
Estimation of growth curve parameters using non-linear 
growth curve models in sonadi sheep. Int. J. Livest. Res. 8, 
104-113. 

Hojjati F. and Hossein G.Z.N. (2018). Comparison of non-linear 
growth models to describe the growth curve of Mehraban 
sheep. J. Appl. Anim. Res. 46(1), 499-504.  

Hyankova L., Knizetova H., Dedkova L. and Hort J. (2001). 
Divergent selection for shape of growth curve in Japanese 
quail. 1. Responses in growth parameters and food conversion. 
British Poult. Sci. 42(5), 583-589. 

IBM Corp. (2011). Released IBM SPSS Statistics for Windows. 
Version 20.0. Armonk, New York.  

Keskin I. and Dag B. (2006). Comparison of the linear and quad-
ratic models for describing the growth of live weight and body 
measurements in anatolian merino male lambs in fattening pe-
riod. J. Anim. Vet. Adv. 5(1), 81-84. 

Koncagül S., Vural M.E., Karataş A., Akça N. and Bingöl M. 
(2013). Reproductive performance of ewes and growth charac-
teristics of lambs in Zom sheep reared in Karacadağ District. 
Kafkas Univ. Vet. Fak. Derg. 19, 63-68. 

Kshirsagar A.M. and Smith W.B. (1995). Growth Curves. Marcel 
Dekker, New York. 

Kutluca K.M. and Emsen E. (2016). Growth and reproductive 
traits of purebred and crossbred Romanov lambs in Eastern 
Anatolia. Anim. Reprod. 13(1), 3-6. 

Kuzu E. and Eliçin A. (2002). Kilis keçisi oğlaklarında değişik 
vücut ölçüleri bakımından büyüme eğrileri. Ankara Üniv. 
Ziraat Fak. Derg. 8(3), 242-247. 

Lalit Malik Z.S., Dalal D.S., Dahiya S.P., Patil C.S. and Dahiya R. 
(2016). Genetic analysis of growth traits in Harnali sheep. Vet. 
World. 9(2), 128-132. 

Mignon-Grasteau S., Piles M., Varona L., Rochambeau H., Poıvey 
J.P., Blasco A. and Beaumont C. (2000). Genetic analysis of 
growth curve parameters for male and female chickens result-
ing from selection on shape of growht curve. J. Anim. Sci. 78, 
2515-2524. 

Mohammadi Y., Mokhtari M.S., Saghi D.A. and Shahdadi A.R. 
(2019). Modeling the growth curve in Kordi sheep: The com-
parison of non-linear models and estimation of genetic pa-
rameters for the growth curve traits. Small Rumin. Res. 177, 
117-123.  

Oda V., Korkmaz M. and Özkurt E. (2016). Büyüme eğrilerinin 
tahmininde kullanılan bazı sigmoidal modeller ve elde edilen 
biyolojik parametreler: Bertalanffy modeli örneği. Ordu Üniv. 
Bil. Tek. Derg. 6(1), 54-66. 

Owens F.N., Dubeski P. and Hanson C.F. (1993). Factors that 
alter growth and development of ruminants. J. Anim. Sci. 
71(11), 3138-3150. 

Paz C.P., Venturini G.C., Contini E., Costa R.L.D., Lameirinha 
L.P. and Quirino C.R. (2018). Nonlinear models of Brazilian 
sheep in adjustment of growth curves. Czech J. Anim. Sci. 63, 
331-338.  

Perotto D., Cue R.I. and Lee A.J. (1992). Comparison of nonlinear 
functions for describing the growth curve of three genotypes 

of dairy cattle. Canadian J. Anim. Sci. 72, 773-782.  
Pham H. (2019). A New Criterion for Model Selection, Mathe-

matics. Mathematics. 7(12), 1215-1225.  
Ratkowsky D.A. (1983). Nonlinear Regression Modelling. Marcel 

Dekker. New York.  
Richards F.J. (1959). A flexible growth function for empirical use. 

J. Exp. Bot. 10, 290-301.  
Saghi D.A., Khadivi H., Navidzadeh M. and Nikbakhti M. (2007). 

Study on influence of environmental effect on birth weight, 
weaning weight and daily growth of Baluchi sheep. Pakistan 
J. Nutr. 6, 436-437. 

Şahin A., Ulutaş Z., Karadavut U., Yıldırım A. and Arslan S. 
(2014). Anadolu mandası malaklarında büyüme eğrisinin 
çeşitli doğrusal olmayan modeller kullanılarak 
karşılaştırılması. Kafkas Univ. Vet. Fak. Derg. 20(3), 357-362. 

Sariyel V., Aygun A. and Keskin I. (2017). Comparison of growth 
curve models in partridge. Poult Sci. 96(6), 1635-1640. 

Sengul T. and Kiraz S. (2005). Non-linear models for growth 
curves in large white turkeys. Turkish J. Vet. Anim. Sci. 29, 
331-337.  

Soysal M.I., Uğur F., Gürcan K. and Bağcı H. (2001). Siyah alaca 
sığırlarda canlı ağırlık ve çeşitli vücut ölçüleri ile yaş 
ilişkisinin bazı doğrusal ve doğrusal olmayan denklemlerinin 
açıklanması üzerine bir araştırma. Trakya Üniv. Ziraat Fak. 
Derg. 1(1), 33-39. 

Tahtali Y., Sahin M. and Bayyurt L. (2020). Comparison of dif-
ferent growth curve models in Romanov lambs. Kafkas Univ. 
Vet. Fak. Derg. 26(5), 609-615. 

Tekel N., Şireli H.D., Eliçin M. and Eliçin A. (2005). Comparison 
of growth curve models on Awassi lambs. Indian Vet. J. 82, 
179-182. 

Thieme O., Karazeybek M., Azman M.A. and Ugurlu A. (1999). 
Performance of village sheep flocks in Central Anatolia. I. 
Growth of lambs. Turkish J. Vet. Anim. Sci. 23, 467-474. 

Topal M., Özdemir M., Aksakal V., Yıldız N. and Doğru U. 
(2004). Determination of the best nonlinear function in order 
to estimate growth in Morkaraman and Awassi lambs. Small 
Rumin. Res. 55, 229-232. 

Trenkle A. and Marple D.N. (1983). Growth and development of 
meat animals. J. Anim. Sci. 57(2), 273-282. 

Van der Merwe D.A., Brand T.S. and Hoffman L.C. (2019). 
Application of growth models to different sheep breed types in 
South Africa. Small Rumin. Res. 178, 70-78.  

Wilson R.T., Peacock C. and Sayers A.R. (1982). Livestock pro-
duction on Masai group Ranches. 2. Growth and liveweight in 
goats and sheep at Elangata Wuas and the factors influencing 
them. J. Agric. Rural Dev. Trop. 21, 191-198.  

Yakupoğlu Ç. and Atıl H. (2001). Comparison of growth curve 
models on broilers. II. Comparison of models. J. Biological. 
Sci. 1(7), 682-684. 

Yıldız G., Soysal M.I. and Gürcan E.K. (2009). Tekirdağ ilinde 
yetiştirilen Karacabey Merinosu × Kıvırcık melezi kuzularda 
büyüme eğrisinin farklı modellerle belirlenmesi. Tekirdağ 
Ziraat Fak. Derg. 6(1), 11-19. 

Yılmaz A., Karakus F., Bingöl M., Kaki B. and Ser G. (2017). 
Effects of some factors on growth of lambs and the determina-
tion of growth curve models. Indian J. Anim. Res. 52(9), 1257-
1262.  

586-577, )3(11) 2120(Animal Science Applied  ofIranian Journal   585 



rowth curve in Awassi LambsG Effect on Environmental Factors  
  
  

 Zimmermann M.J., Kuehn L.A., Spangler M.L., Thallman R.M., 
Snelling W.M. and Lewis R.M. (2019). Comparison of differ-
ent functions to describe growth from weaning to maturity in 
crossbred beef cattle. J. Anim. Sci. 97(4), 1523-1533.  

 
 

 

586-577, )3(11) 2120(Animal Science Applied  ofIranian Journal   586 


