
Summary
The knowledge of the growth curve in poultry science is very useful for describing growth kinetics and setting commercial 

management procedures. The objective of this research was to fit the Gompertz growth curve from hatching weights to 42 d-old 
weights of broilers in 3 stocking density groups. A total of 284 Ross 308 broilers randomly divided into 3 stocking density groups (9, 
13 and 17 birds/m2) in this experiment. All birds were weighted weekly. The  asymptotic weight (A) of broiler chickens for 9, 13 and 17 
bird/m2 stocking density groups were 4198.46, 3807.45 and 3999.92 g, respectively (P<0.05).  The growth rates (K) of broiler chickens 
for 9, 13 and 17 bird/m2 stocking density groups were 0.055, 0.058 and 0.052, respectively (P<0.01). The coefficient of determination 
for all stocking density groups were 0.998, 0.997 and 0.996, respectively (P<0.05). Moreover, the mean square error (MSE) value was 
lowest for 9 bird/m2 group (P<0.05). The current study suggested that stocking density of 9 bird/m2 was better for the broiler growth 
of the different stocking densities on the base of mature live weight (A), coefficient of determination (R2) and mean square error (MSE).
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Farklı Yerleşim Sıklıklarındaki Etlik Piliçlerin Büyüme Eğrilerinin 
Gompertz Modeli İle Karşılaştırılması

Özet
Kanatlı biliminde büyüme eğrisinin bilinmesi büyümenin tarifinde ve yetiştirme tekniklerinin uygulanmasında çok önemlidir. Bu 

araştırmanın amacı kuluçkadan 42. gün ağırlığına kadar üç yerleşim sıklığında yetiştirilen etlik piliçlerden elde edilen canlı ağırlıkları, 
Gompertz büyüme eğrisi modeli ile tahmin etmektir. Denemede 3 yerleşim sıklığında (9, 13 ve 17 etlik piliç/m2) tesadüfen dağıtılan  
toplam 284 adet Ross 308 etlik piliç kullanılmıştır. Bütün hayvanlar haftalık olarak tartılmıştır. 9, 13 ve 17 etlik piliç/m2 yerleşim sıklığında 
etlik piliçlerin, asimptotik ağırlıkları (A) sırasıyla; 4198.46, 3807.45 ve 3999.92 g olarak (P<0.05); büyüme oranı (K) sırasıyla 0.055, 0.058 
ve 0.052 olarak (P<0.01) tahmin edilmiştir. Tüm yerleşim sıklıklarında belirtme katsayısı değeri (R2) sırasıyla 0.998, 997 ve 0.996 olarak 
bulunmuştur (P<0.05). Ek olarak hata kareler ortalaması (MSE) yerleşim sıklığı 9/m2 olan grupta en düşüktür (P<0.05). Bu çalışmanın 
sonucunda tahmini ergin canlı ağırlığa (A), belirtme katsayısı değeri (R2) ve hata kareler ortalamasına (MSE) göre 9 etlik piliç/m2 olan 
yerleşim sıklığında etlik piliçlerin büyümelerinin daha iyi olduğu söylenebilir.
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Poultry industries face various decisions in the 
production cycle that include nutrient and mineral supply 
to birds, cost and type of feed, status of bird health, welfare 
and environmental issues that affect the profitability of 

operation [1]. The stocking densities in broilers vary widely 
by countries, husbandry systems and final body weights [2]. 
Although the use of high stocking densities can diminish 
individual growth [3-6], increase in total production meat 
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per unit of floor surface, which results in higher profit. 
Thus, because of the economic benefits, producers have 
reluctant to decrease stocking densities [7,8]. 

Although there have been various definitions of 
growth given by different biologists, for the purposes of 
quantitative analysis, growth was defined as the process 
of an animal gaining weight with time until it reaches 
maturity [9]. Growth functions have been shown to be 
valuable tools for analyzing growth responses to genetic 
selection, environmental change [10] and estimation of 
daily nutrient requirements for growth [11]. An appropriate 
growth functions provide a good way of summarizing the 
information contained in such data into a few parameters 
that can be interpreted biologically and physically [11,12]. 
Thus, the aim of the present study was to investigate the 
effect of stocking density on the growth curve of broiler 
chickens according to Gompertz growth model.

MATERIAL and METHODS

A total of 284 chicks (Ross 308) were selected from a 
commercial flock. Chickens were wing-tagged at 1 d of 
age and individual body weights were recorded weekly at 
the end of each one-week period. The chicks were raised 
in deep litter system and were subjected to the same 
management, hygienic and climatic conditions. Chickens 
were randomly placed into the floor systems in 3 stocking 
density groups with 3 repetitions for each group. The three 
stocking densities were 9 (density 1, 66 birds), 13 (density 
2, 97 birds), and 17 (density 3, 121 birds), birds per m2  
and were raised to 42 d of age. The space for density 1,  
density 2 and density 3 were 2.77 m2; 2.76 m2 and 2.82 m2 
respectively for per replicate. 

Chickens were fed a 4-phase feeding program with 
starter fed to first 11 d (23% CP and 3.050 kcal/kg of ME), 
grower fed from 12 to 21 d (22% CP and 3.100 kcal/kg of 
ME), finisher fed from 22 to 35 d (20% CP and 3.200 kcal/kg 
of ME ) and a withdrawal feed from 36 to 42 d (18% CP and 
3.200 kcal/kg of ME). Diets were provided ad libitum and 
the birds had free access to water. Birds in all 3 groups were 
allocated with equal space of feeders and drinkers.

The birds were raised according to a typical commercial 
management program. The photoperiod was 24 h/day. 

Temperature started at 32.0°C and was gradually reduced 
1°C degrees every day until 22.0°C was attained, after 
which temperature remained constant.

The widely used nonlinear growth model, Gompertz 
function was applied to estimate the mean age-live weight 
relationship [13]. The mathematical relation of this model 
was as follows:

W =A.exp(-B.exp(−Kt))		   	    

Where; 

(W) is the body weight (g) at age (t); (A) is the asymptotic 
weight or maximum growth response (g); (B) is the initial 
weight; (K) is the growth rate; (t) is the age in days. 

Statistical Analysis

The Gompertz nonlinear regression model [14] was 
employed using the SAS statistical package program [15]. 
The results obtained with Gompertz models was evaluated 
in an Excel spreadsheet. Kolmogorov-Smirnov test was 
performed to check the assumption of normality for 
Gompertz models coefficients. However, the estimated 
coefficients were non homogeneously distributed (P<0.05).
Therefore, the coefficient differences were determined by 
the Kruskal Wallis H test. Dunn’s multiple comparison tests 
was also used to compare groups. 

RESULTS 

The estimated parameter values by using the Gompertz 
growth function for live weight of broiler chickens for 
different stocking densities are given in Table 1 and growth 
curves in Fig. 1. 

Stocking density significantly affected the asymptotic 
weight (P<0.05), initial weight (P<0.01), growth rate (P<0.01), 
determination of coefficients (P<0.05) and the mean 
square error (P<0.01).

DISCUSSION

In the current study, predicted asymptotic weights 
(A) were 4198.455, 3807.447 and 3999.922 g for stocking 
densities of 9 bird/m2, 13 bird/m2 and 17 bird/m2, 

Table 1. Effects of stocking density on growth parameters estimated by Gompertz model

Tablo 1. Gompertz modelle tahmin edilen büyüme parametreleri üzerine yerleşim sıklığının etkisi

Stocking Density  (Bird/m2) A B K R2 MSE

9 4198.46±442.73a 4.83±0.342a 0.055±0.006b 0.998a 2110a

13 3807.45±436.49b 4.78±0.387a 0.058±0.007a 0.997ab 2846b

17 3999.92±585.65ab 4.56±0.387b 0.052±0.008c 0.996b 2950b

P <0.019 <0.001 <0.001 <0.011 <0.012

(A) The asymptotic or mature weight (g); (B) the initial weight; (K) the growth rate; (R2) determination of coefficients; (MSE) the mean square error
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respectively. Differences between stocking densities were 
observed in the Gompertz function parameters (P<0.05).  
Based on calculated A value, asymptotic weight for stocking 
densities is arranged in descending order as 9 bird/m2, 17 
bird/m2 and 13 bird/m2 . Although Santos et al.[16] found 
similar asymptotic weight in their study (4136-4320 g). 
However, other studies usually reported lower asymptotic 
weight (Roush et al.[17], 2936 g; Mignon-Grasteau et al.[18]; 
3472 g, and Norris et al.[19]; 2691-2819 g). Overall 9 bird/m2 
group had higher estimates for asymptotic weight. Lower 
stocking density may contribute to animal welfare, reduce 
stress and consequently resulted in better performance.

The estimation of the initial weight (B) was lower in the 
stocking density of 17 bird/m2, while stocking density of 9 
bird/m2 showed higher values. The growth rates (K) were 
ranged from 0.052 to 0.058, showing the early growth 
rates for chicks in stocking density of 13 bird/m2 group 
compared with others. Different ranges for (K) values had 
been previously reported. Lower values were reported 
by Yakupoglu and Atil [20], Mignon- Grasteau et al.[18], and 
Norris et al.[19]. Similar values for the growth rate K were 
estimated by Marcato et al.[21]. However, Santos et al.[16] 
and Goliomytis et al.[22] reported higher (K) values when 
compared with the present study. The higher estimated 
growth rate values (K) suggested that broiler chickens in 
stocking density of 13 bird/m2 group mature earlier than 
other chickens. It can be expected that individuals with 
lower K values would reach to the asymptotic weight (A) 
later than individuals with higher K values [23,24]. 

The determination of coefficients (R2) of stocking 
density groups were quite high indicating excellent fit of 
the data. Differences were observed for R2 values among 
the various density groups. All densities have considerably 
high R2 values. R2 values were highest for birds in 9 bird/m2 
stocking density group (R2=0.998), intermediate for birds 
in 13 bird/m2 stocking density group (R2=0.997) and lowest 
for birds in 17 bird/m2 stocking density group (R2=0.996) 
(P<0.05). These findings are in agreement with the previous 
reports [11,16,17]. Grasteau et al.[18] have calculated the R2 
values of 0.980 through Gompertz models for broilers.  
In the current study, the mean square error (MSE) values 
ranged from 2110 to 2950. The stocking density 9 bird/m2 
group ranked the highest due to the lowest MSE value. The 

MSE values in the current study suggested the stocking 
density 9 bird/m2 depict better assessment for the growth 
of the stocking densities. Many authors [11,16,17] found similar 
results using the models outlined in this study.

Body weight and growth rates are economically 
important features for broiler productions. The present 
study provides information about the effect of stocking 
density on some growth function parameters in broilers. 
In this study, the stocking density of 9 bird/m2 seemed to 
be appropriate for describing the broiler growth of the 
stocking densities according to the asymptotic or mature 
weight, determination of coefficients and the mean square 
error values.
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