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In this study five different non-linear models for estimating the growth curves of Holstein calves (Brody (B), Gompertz (G), 

Logistic (L), Richards (R) and von Bertalanffy (V)) were compared. All models estimated birth weights of the calves to be 

low.  L model estimated weaning weight to be high and a difference of -1.38 kg was found between the actual live weight 

and the live weight estimated with this model. The closest estimations to the actual values of the post-weaning period were 

produced by G, L and R models.  However, the most realistic estimations for 168 days of age were obtained from L, R and V 

models. At the end of the study it was concluded that the L model can be exclusively used for estimating the growth curves 

and live weights of the calves in their early periods of lives, and for post-weaning period also G and R models can be used. It 

was determined that for 168 days of age and older the use of L, R and B models will be convenient.   
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INTRODUCTION 

 

Live weight measurement constitutes one of the most 

important economic characteristics attributes of cattle.  Live 

weight is also connected with other economic attributes such 

as production and breeding (Hassen et al., 2004; Tariq et al., 

2013; Jahan et al., 2013; Du et al., 2013). Growth curves can 

be effectively used for early selection of calves (Gupta et al., 

2011; Rehman and Khan, 2012). Nonlinear models are 

effective methods for defining individual growth models 

(Berry et al., 2005). Nonlinear growth models such as the 

Gompertz (G) (Winsor, 1932; Akbas et al., 2006), Brody (B) 

(Brody, 1945), Logistic (L) (Pearl and Reed, 1923), von 

Bertalanffy (V) (Von Bertalanffy, 1957) and Richards (R) 

(Richards, 1959) are used in identifying the growth models 

of dairy and fattening cattle in terms of weight (Berry et al., 

2005a). Despite the fact that nonlinear models are harder to 

implement than the linear models, estimations can be 

obtained through iteration (Ratkowsky, 1990; Bilgin et al., 

2004).  

The B model is recommended by several studies due to its 

qualities as simplicity of calculation, interpretability of the 

parameters and its convergence (Bullock et al., 1993; Kaps 

et al., 2000; Arango and Van Vleck, 2002). Yet, there are 

also other studies reporting that the use of other models 

more convenient.  Some researchers reported the R model to 

be the most suitable growth model for cattle (DeNise and 

Brinks, 1985; Beltran et al., 1992). It was reported that the 

convergence rates of the B and R models are low and 

inadequate in defining the growth of Hereford cattle 

(Mazzini et al., 2003; Oliveira et al., 2000). Another study 

found that the V and modified logistics models are better for 

Zebu cattle (Santoro et al., 2005).   

In this study, suitability of five asymptotic nonlinear models 

for defining the growth of female Holstein calves from birth 

to 168 days of age was assessed.  

 

MATERIAL AND METHODS 

 

Forty-one female Holstein calves were used in the study. 

Three days after their birth, first weighing of the calves were 

carried out. The calves were weighed on weekly basis until 

weaning (8 weeks of age) and on monthly basis from 

weaning to 168 days of age.  

Five asymptotic nonlinear models were utilized (B, G, R, L 

and V) (Table 1). The coefficient averages obtained from the 

models and their standard errors, and live weight averages 

according to ages are shown in Table 1. 

 

RESULTS AND DISCUSSION 

 

Brody model: Live weight estimations of the B model were 

found out to be higher than all other models except for the V 

model. High estimation of the coefficient A is connected 

with the low estimation of the coefficient K.  

Gompertz model: Asymptotic weight estimations of the G 

model were found lower than the others, except for the 

Logistic model. As for the R
2
 value obtained with the G, it 

was higher than that obtained from the other models. 

Logistic model: Estimated value of the coefficient A was 

found to be lower than the estimation of other models. Value 

of the coefficient K was higher than the values obtained 

from the other models. R
2
 value was obtained as 99.2%.  

Richards model: Value of the coefficient B was found out to 

be lower when compared to the other models. When the 
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coefficient B exceeds 1, the  component takes a 

negative value.  

Von Bertalanffy model: The highest value for the 

coefficient A was obtained with this model.  

The value of the coefficient K, on the other hand, was 

similar in all models.   

Examining Table 1 shows that the highest R
2
 values of 99.2 

and 99.1 were obtained respectively from the L model and 

the G model.  It is generally observed that, when the 

coefficients include standard errors, the coefficients of the L 

model take closer values. It is observed that the standard 

errors of the coefficients of other models are higher. From 

this aspect, it is possible to consider the L model as a more 

suitable one. 

Fig. 1 presents the actual and estimated live weight averages 

of calves from birth to 168 days of age. It is apparent from 

Fig. 1 that the live weight estimation made by the G model 

at the end of the test was higher both from the actual values 

and the values estimated by the other models. All models 

estimated birth weights of the calves to be low. However, 

the difference between the actual birth weight averages and 

the values obtained from the G, L and R models (3.39, 2.79 

and 3.92 respectively) were found out to be lower than the 

difference between the actual values and the estimations of 

the other models. 

Despite the fact that the estimation was higher than the 

actual, still the best estimation for 28 days (4 weeks) of age 

was made by the L model. The difference between the actual 

live weight and the estimated live weight was found out to 

be -1.52 kg. 

Live weight estimations of all models for 56 days of age, or 

weaned, calves were higher than the actual values. Still, the 

best estimations were obtained from the L and V models. 

The differences between the average actual live weight and 

the estimations made by these models were respectively -

1.38 and -1.55 kg. 

In the period between 56 days of age and 168 days of age, 

the G, L and R models estimated live weight better. In 

comparison with the other models, the difference between 

the average of the actual live weights and the estimations 

made by the B and V models is bigger within this period 

(Table 1). Even though the estimations of the G model were 

close to the actual live weights until 140 days of age, the 

difference between the average of the actual live weights and 

the average of the estimations of the model at 168 days of 

age was found out to be -5.50 kg.  Most accurate estimations 

Table 1. Function and coefficient averages of growth models 

Models Function A B k M R
2 

 Av.±S.E. Av.±S.E. Av.±S.E. Av.±S.E. Av.±S.E. 

Brody  766.2±81.7 0.91±0.06 0.0002±0.0009  97.5 

Gompertz  543.4±86.5 2.64±0.12 0.0066±0.0005  99.1 

Logistic 
 

213.0±12.3 1.77±0.05 0.0166±0.0007  99.2 

Richards  625.0±130 0.07±0.01 0.0066±0.0005 56.84±8.70 98.9 

von Bertalanffy  1084±132 0.92±0.06 -0.0001±0.0009  97.5 

A, B, k and M are the coefficients of the models 

 

 
Age (days) 

Figure 1. Comparison of actual growth curve of calves with predicted values from different growth models 
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for this age were obtained from the L, R and V models. The 

difference between the actual live weight average and the 

average of the live weights estimated by these models was 

found out to be 1.08, -0.31 and 0.71, respectively.   

Among the coefficient averages of the models, the lowest 

value for the coefficient A was obtained from the L model 

(Table 1). In some studies L model gave the lowest 

coefficient A (Perptto et al., 1992; Garnero et al., 2005; 

Santoro et al., 2005; Forni et al. 2009). Value of the 

coefficient A is connected with the value of the coefficient K 

(Brown et al., 1976). 

Highest coefficient A was obtained from the V model (Table 

1). This result is in line with the results obtained in the 

studies of Brown et al. (1976), Santoro et al. (2005), 

Garnero et al. (2005) and Forni et al. (2009). In a study 

conducted on young goats, the highest coefficient A was 

obtained from the von B model (Najari et al., 2010).  

The best estimations of birth weights were obtained from the 

G and L models, even if the estimations were lower than the 

actual weights. On the other hand, in their study Perotto et 

al. (1992) stated that the G and L models estimate birth 

weights higher than the actual values and the R model would 

be more convenient to estimate birth weights. Furthermore, 

Forni et al.  (2009) reported that the B model produces more 

accurate estimations. Berry et al. (2005b) reported that the V 

model gives estimations lower than the actual live weight. 

Although the best result for weaning period live weight 

estimation was obtained from the L model, in the period 

until 140 days of age, the best live weight estimations were 

made by the G, L and R models. As for 168 days of age, best 

results were produced by the L, R and V models. However, 

Agudelo-Gomez et al. (2009) reported the G and B as the 

best growth models. Although the G, V and B models are 

adequate in estimating live weights (Forni et al., 2009); 

however, a study on yearlings reported that the use of 

Gompertz model was more convenient than the other models 

(Najari et al., 2010). In another study, Hassen et al. (2004) 

asserted that all of the models, except for the B model, 

produce estimations close to the actual. However, some 

researchers  stated that the B model is more suitable than the 

other models (Bullock et al., 1993; Kaps et al., 2000; 

Arango and Van Vleck, 2002), while some reported that the 

both the R model and B model are suitable (Mazzini et al., 

2003). Against these some researchers reported that only the 

R and V models are suitable in estimating the growth curves 

of calves (DeNise and Brinks, 1985; Beltran et al., 1992; 

Oliveira et al., 2000) while others reported that the 

estimation of the V model is lower than the actual live 

weight (Berry et al., 2005b).   

 

Conclusion: It is concluded that the L model can be 

exclusively used for estimating the growth curves and live 

weights of the calves in their early periods of lives, and for 

post-weaning period also G and R models can be used. It 

was observed that for 168 days of age and older calves the 

use of L, R and V models will be convenient. 
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