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Summary

Non-linear mathematical functions proposed by Brody, Gompertz, Richards, Bertalanffy and Verhulst 

were compared in several buffalo production systems in Colombia. Herds were located in three provinces: 

Antioquia, Caldas, and Cordoba. Growth was better described by the curves proposed by Brody and 

Gompertz. Using the datasets from herds from Caldas, heritabilities for traits such as weaning weight 

(WW), weight and maturity at one year of age (WY and MY, respectively), age at 50% and 75% of maturity 

(A50% and A75%, respectively), adult weight (β0), and other characteristics, were also estimated. Direct 

and maternal heritabilities for WW were 0.19 and 0.12, respectively. Direct heritabilities for WY, MY, 

A50%, A75% and β0 were 0.39, 0.15, 0.09, 0.20 and 0.09, respectively. The genetic correlation for β0 and 

WY was -0.47, indicating that selection for heavy weight at one year of age will lead to lower weight at adult 

age. These data suggest that selection based on maturity traits can generate changes in characteristics of 

economic importance in beef–type buffalo farms.
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Funciones matemáticas no lineales propuestas por Brody, Gompertz, Richards, Bertalanffy y Verhulst 
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fueron utilizadas para describir el crecimiento en búfalos provenientes de tres regiones de Colombia (Antioquia, 

Caldas y Córdoba). Las funciones que mejor describieron el crecimiento fueron Brody y Gompertz. Con la 

base de datos de la región de Caldas, fueron estimadas las heredabilidades para las características peso al 

destete (PD), peso y madurez al año de edad (PA y MA, respectivamente), edad al 50% y 75% de madurez 

(I50% y I75%, respectivamente), peso adulto (β0), y otras características. Las heredabilidades directa y 

materna para PD fueron: 0.19 y 0.12, respectivamente. Las heredabilidades directas para PA, MA, I50%, 

I75% y β0 fueron 0.39, 0.15, 0.09, 0.20 y 0.09, respectivamente. La correlación genética para β0 y PA fue  

-0.47, indicando que al seleccionar animales por peso al año, tendríamos animales con mayor peso adulto. 

Las características de madurez pueden ser utilizadas en programas de mejoramiento genético en procura de 

búfalos mas eficientes en sistemas de producción colombianos.

Palabras clave: funciones no lineales, parámetros genéticos, sistemas de producción tropical.

Resumo

Funções matemáticas não lineares propostas por Brody, Gompertz, Richards, Bertalanffy e Verhulst 

foram utilizadas para descrever o crescimento em búfalos provenientes de três regiões da Colômbia ( 

Antioquia, Caldas e Córdoba). As funções que melhor descreveram o crescimento foram Brody e Gompertz. 

Com a base de dados da região de Caldas, foram estimadas as herdabilidades para as características peso 

ao desmame (PD), peso e maturidade ao ano de idade (PA e MA, respectivamente), idade ao 50% e 75% de 

maturidade (I50% e I75%, respectivamente), peso adulto (β0), e outras características. As herdabilidades 

direita e materna para PD foram:  0.19 e 0.12, respectivamente. As herdabilidades direitas para PA, MA, 

I50%, I75% e β0 foram 0.39, 0.15, 0.09, 0.20 e 0.09, respectivamente. A correlação genética para β0 e PA foi  

-0.47, indicando que ao selecionar animais por peso ao ano, teríamos animais com maior peso adulto. As 

características de maturidade podem ser utilizadas em programas de melhoramento genético em procura 

de búfalos mais eficientes em sistemas de produção colombianos.

Palavras chave: funções não lineares, parâmetros genéticos, sistemas de produção tropical.

Introduction

Animal growth is an important factor in the 

economy of a meat production system due to 

its relations with productive and reproductive 

traits. Growth rate is affected by genetics, the 

environment, and their interactions. The complexity 

of those interactions makes it very diffi cult to 

formulate reliable growth predictions (6).

Animal growth curves are described by non-linear 

functions where the function parameters can have 

a biological interpretation such as adult weight, age 

to the infl ection point, mature weight and maturity 

rate (11). According to Tedeschi et al (36) growth 

functions can be used for several purposes, including 

dietary adjustments. Growth functions can also be used 

for genetic improvement. They are used as a tool for 

animal selection, considering that animals showing 

high maturity rates are more precocious (9, 14).

Several mathematical models have been used 

to describe animal growth. Moore (24) proposed 

a general function to estimate weight from the 

embryonic phase until adult weight. Functions 

with logarithmic and exponential components 

were used by Liski (21). Currently, non-linear 

and non-linear mixed models are used, both with 

exponential components, because their coeffi cients 

can be biologically interpreted and easily 

compared under different scenarios (16, 28).   

Several non-linear models have been proposed 

to explain animal growth, such as: Gompertz 

(17), Von Bertalanffy (38), Brody (8), Richards 

(31). These models summarize information (e.g. 

weight and age to reach maturity, adult weight and 

precocity) in few parameters, which facilitates the 

understanding of animal growth (28).  

Estimation of genetic parameters is essential 

to determine genetic progress. Carrijo and Moura 

(11), working with Chianina cattle, estimated 

0.20, 0.21 and 0.31 heritability values for age to 

the infl ection point, weight to the infl ection point 

and age to maturity, respectively, suggesting that 
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selection based on those traits could be effective 

and also that weight to maturity can be modifi ed by 

selection programs. Heritability estimates, genetic 

correlations among growth traits, and maturity 

index are traits of economic importance in meat 

production systems (22).  Coeffi cients of non-linear 

functions for bovine breeds can be used to calculate 

genetic variability for weight traits in beef cattle 

improvement programs. In regard to buffaloes, 

scarce reports have been found to evaluate 

heritabilities of growth functions. Chantalakhana 

(12) reported 0.63 and 0.37 heritability values for 

buffalo weight at birth and weaning, respectively. 

Buffalo has been considered a precocious meat-

producing animal in grazing production systems 

(30). Compared to genus Bos indicus or taurus, 

buffaloes grow faster, reaching slaughter weight 

sooner (1). This is due to a higher capacity to use 

pastures, refl ected by better feed conversion of 

buffaloes (37). It is estimated that the current 

buffalo population in Colombia reaches around 

100.000 animals, and it is increasing close to 10 

percent per year, which is higher than the 3% 

increase for Bos indicus and taurus (33).

An objective of the present study was to identify 

the mathematical functions that better describe 

growth under three buffalo production systems. 

Another objective was to estimate heritabilities and 

genetic correlations for: weaning and one year of 

age weights (WW and WY, respectively), Brody’s 

coeffi cients (β
0 

,
 
β

1 
and β

2
), maturity at one year of 

age (MY), and age at 50% and 75% of maturity 

(A50% and A75%, respectively).   

Materials and methods

This study evaluated productive records from 

buffalo herds located in three different Colombian 

regions, under different management systems 

described as follows:

Production System A (PSA)

Data were obtained from Altamar herd, located 

in Buenavista municipality (Cordoba province, 

Lat: 8° 30´ N. Long: 75° 30´ W), at an altitude 

of 50 meters above sea level (masl) and 30°C 

temperature. Crossbred animals with high percent of 

Bulgarian and Brazilian Murrah breeds were used. 

Animals grazed on native grass fi elds mixed with 

Brachiaria Spp grass and some forage legumes. 

Females were milked twice a day in a dual-purpose 

cattle raising system (meat and milk production). 

Lactation lasted at 270 days, and milk yield was 

4.3 Kg/day (18.). The calving season extends from 

August to October.

Production System B (PSB)

This system included records from three herds 

located in an area around the middle Magdalena 

river. Ceilan herd, located in a dry tropical forest 

(in La Dorada municipality, Caldas province) is at 

an altitude of 190 masl, with 28.4 °C Temperature, 

and annual precipitation around 1,900 mm 

distributed from March to June and October to 

December. Riomanso herd, in a humid tropical 

forest (Norcasia municipality, Caldas province) 

is at 150 masl, 26.3 °C, and 2.300 mm of annual 

precipitation distributed as in the former farm. El 

Cortijo herd, also in a humid tropical forest (Puerto 

Boyacá municipality, Boyacá province -bordering 

with Caldas province) is at 120 masl, 26.1 °C, and 

2.500 mm of annual precipitation, distributed from 

April to June and November to December. Calves 

in the three herds are managed under continuous 

suckling (dams are not milked). Buffaloes graze on 

Brachiaria fi elds. 

Production System C (PSC)

Records were obtained from a production system 

classifi ed as organic (certifi ed by the International 

Corporation of Colombia), located in a humid 

tropical forest around the middle Magdalena River 

(Puerto Nare municipality, Antioquia province), 

at 125 maosl, with 27 °C, and 2.016 mm annual 

precipitation (75% relative humidity). The rainy 

seasons extend from March to May and from 

September to November. The dry seasons cover 

from December to February and from June to 

August. The buffalo breed is Bufalypso, which 

originally came from Trinidad and Tobago. Animals 

are managed in an extensive system grazing on 

native (Panicum Spp) and improved (Brachiaria 
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Spp) pastures, Females are milked twice a day in a 

dual-purpose cattle raising system (meat and milk 

production). Buffalo cows, which are supplemented 

with molasses and mineral salt at libitum, have to 

walk about 2.0 to 2.5 km with their calves from the 

grazing fi elds to the milking parlor. After milked, 

cows and calves are walked to a nearby parlor 

where calves can suck milk for half an hour (29). 

Datasets

The PSA dataset included 1.678 weight records 

from 116 males and 266 females born between 

year 1999 and 2004. Each animal had at least four 

weight records taken between 100 and 900 days 

of age. The PSB dataset included 8.026 weight 

records from 447 males and 402 females born 

between year 2002 and 2006. Animals had at least 

six records between 100 and 800 days of age.  The 

PSC dataset had 8586 records from 519 males and 

461 females born between year 2001 and 2004, with 

at least six records between 100 and 1,100 days of 

age. Outliers, inconsistent age, and repeated records 

were eliminated from the datasets

Growth functions    

Functions evaluated for each animal in the three 

production systems were the following:  
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Where:

yi represents the i-th weight record of the animal 

in the i- th time ti; 

β
0 
is the adult weight when t tends to infi nite; 

β
1
 is an adjustment parameter when  

y ≠ 0 or t ≠ 0; 

β
2
 is an index of maturity expressed as a 

proportion of the maximum growth with regard 

to the adult animal weight. The “m” parameter in 

Richards’s function refers to the infl ection point.

 

The infl ection point for Gompertz, Bertalanffy, 

Logistic, and Richards functions were calculated 

using the following equations:

1n β
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2
,  respectively, obtained from the 

original functions

The election of the best model was based on: 

the percentage of converging curves (PCC), the 

percentage of highly signifi cant curves (PCHS, 

P <0.05), the percentage of curves having a small 

Akaike information criteria (PCAIC) and a small 

Bayesian information criteria (PCBIC). Residual 

values and determination coeffi cient (R2) were 

also taken into account (15). The Akaike and 

Bayesian information criteria (AIC and BIC, 

respectively) were calculated using the equations 

proposed by Bret (7):

)ln(*ln*
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Where n is the number of observations per 

animal, K is then number of function parameters, 

and RSS is the residual sum of squares.

Datasets were analyzed using the Nlin 

procedure of SAS software (34). From the best 

function chosen, MY, A50% and A75% traits were 

calculated. 

Genetic parameters  

For production system B, heritabilities and 

genetic, phenotypic and environmental correlations 

for WW, WY, β
0
, β

1
, β

2
, MY, A50% and A75% 
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traits were estimated, considering that a database 

with genealogical information was available. For 

WW, a uni-trait model was used. The fi xed effects 

were: sex (males and females), herd-year-season, 

contemporary group of weaning, buffalo cow 

parity number (1, 2, 3, and >=4), and weaning age 

(lineal effect). Herds were: Ceilan, El Cortijo, and 

Riomanso. Seasons were: dry (January, February, 

March, July, August and September) and rainy 

(April, May, June, October, November and 

December). Years were: 2002 to 2006. Direct and 

maternal genetics, permanent environment, and 

residual random effects were included in the model. 

The number of animals in the relationships matrix 

was 3080, in 6 generations. Animals in the three 

herds were genetically connected because there 

were sire and dam exchanges among herds. 

Variable WY was analyzed in a bi-trait model 

with β
0
, β

1
, β

2
, MY, A50%, and A75%  traits. 

Fixed effects for WY (sex, and herd-year-season 

contemporary group at one year of age) were 

included in the model. Age at weighing for WY was 

included as a covariable. Fixed effects for the other 

traits were: sex, and herd-year-season contemporary 

group of birth. For all the traits, the direct genetic 

and residual random effects were used.

A tri-trait analysis for β
0
, β

1
 and

 
β

2
 was 

performed, considering sex and contemporary group 

of birth as fi xed effects, and also considering direct 

genetic and residual as random effects.

The covariance components were estimated by 

the derivative-free restricted maximum likelihood 

estimation method in animal models using the 

MTDFREML software (3).

Results

For all three production systems, every 

evaluated function had R2 higher than 98.39%, as 

shown in tables 1, 2, and 3. For males in the PSA 

system, all the functions had high PCC and SPC 

criteria. Nevertheless, when analyzing the PCIAC 

and PCBIC criteria, the best model was Brody’s 

function because it presented the biggest percentage 

of animals with low PCIAC and PCBIC (see Table 

1). The Brody’s function was also the best for 

females. For the PSB and PSC systems located 

around the middle Magdalena river, the Brody and 

Richard’s functions were the best (bigger PCAIC 

and PCBIC), except for the females in the PSC 

system, where the best functions were Brody and 

Logistic (see Table 2 and 3).

Table 1. Mathematical function comparisons for buffaloes in Altamar herd.  

Model Sex PCC PCS* PCAIC PCBIC R2 PR2

Brody
M 99.14 98.26 59.48 59.48 99.78 9.48

F 99.62 84.15 66.54 66.54 99.46 13.91

Gompertz
M 100.00 97.41 __ __ 99.90 20.69

F 99.62 72.83 __ __ 99.76 18.80

Richards
M 78.45 78.44 35.34 35.34 99.40 3.45

F 91.73 92.21 22.18 22.18 99.24 16.92

Logistic
M 100.00 89.65 5.17 5.17 99.86 26.72

F 99.62 67.54 10.90 10.90 99.74 14.66

Bertanlanffy
M 94.83 99.09 __ __ 99.90 39.66

F 86.47 78.69 0.38 0.38 99.71 35.71

M: Males   F: Females PCC: Percentage of convergent curves

PCS: Percentage of significant curves R2: Determination coefficient

PCAIC: Percentage of curves with lowest AIC PCBIC: Percentage or curves with lowest BIC

* P< 0,05, for the curves that reach convergence

PR2: Percentage of curves with highest determination coefficient 
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Table 2. Mathematical function comparisons for buffaloes in Ceilan, Riomanso and Cortijo buffalo herds (PSB).

Model Sex PCC PCS* PCAIC PCBIC R2 PR2

Brody
M 99.78 100.00 79.87 79.87 99.24 7.16

H 100.00 100.00 86.57 86.57 99.23 5.97

Gompertz
M 99.78 100.00 __ __ 99.88 22.6

H 99.50 100.00 __ __ 99.81 20.4

Richards
M 74.94 100.00 19.24 19.24 98.87 __

H 81.09 100.00 12.44 12.44 98.39 __

Logistic
M 99.33 100.00 0.89 0.89 99.8 7.83

H 99.25 100.00 1.00 1.00 99.67 6.72

Bertanlanffy
M 91.95 100.00 __ __ 99.89 62.42

H 92.04 100.00 __ __ 99.84 66.92

M: Males   F: Females PCC: Percentage of convergent curves

PCS: Percentage of significant curves R2: Determination coefficient

PCAIC: Percentage of curves with lowest AIC PCBIC: Percentage or curves with lowest BIC

* P< 0,05, for the curves that reach convergence

PR2: Percentage of curves with highest determination coefficient 

Table 3. Mathematical function comparisons for buffaloes in La Suiza organic production system (PSC).

Model Sex PCC PCS* PCAIC PCBIC R2 PR2

Brody
M 99.81 100.00 66.28 66.28 99.03 14.64

H 100.00 100.00 68.98 68.98 98.83 20.39

Gompertz
M 99.81 100.00 __ __ 99.72 23.12

H 99.57 100.00 __ __ 99.67 21.91

Richards
M 55.68 100.00 18.88 18.88 99.39 5.01

H 49.02 100.00 9.33 9.33 99.35 8.03

Logistic
M 55.68 100.00 18.88 18.88 99.39 5.01

H 49.02 100.00 9.33 9.33 99.35 8.03

Bertanlanffy
M 87.28 100.00 0.19 0.19 99.70 29.29

H 87.85 100.00 __ __ 99.67 31.02

M: Males   F: Females PCC: Percentage of convergent curves

PCS: Percentage of significant curves R2: Determination coefficient

PCAIC: Percentage of curves with lowest AIC PCBIC: Percentage or curves with lowest BIC

* P< 0,05, for the curves that reach convergence

PR2: Percentage of curves with highest determination coefficient 

Comparisons of residuals distribution among 

the mathematical functions were similar in the three 

productions systems. Taking PSB as an example, a 

considerable variation for the residuals distributions 

of all the mathematical functions was observed 

in this system. Richards’s function presented the 

biggest variation of residuals plotted against time 

(see Figure 1). It was also observed that Logistic 

function underestimated the data for the fi rst stage of 

life (birth weight); Bertalanffy’s function presented 

a better adjustment because its residuals distribution 

was close to zero and had the best no residuals 

dependence. However, this function presented less 

PCC. Bertalanffy’s function converged in 7,359 

records, while Brody and Gompertz functions 

converged in 8.020 and 8.000 records, respectively 

(see Figure 1), indicating that Brody and Gompertz 

functions have greater convergence ability. 

Furthermore, for beef cattle, Brody’s function has 

the best adjusted curve during the fi rst six months of 

age, compared with Von Bertalanffy, Gompertz, and 

Logistical functions (16, 28).
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Although all the mathematical functions 

described the growth curve, Brody was selected 

as the best function. Brody’s coeffi cients (β
0
, β

1
 

and β
2
) for the three production systems indicates 
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Figure 1. Residual plots for the functions in Ceilan, Riomanso and Cortijo buffalo herds (PSB system), located around the middle 

Magdalena river.  

a great phenotypic variation. Adult weight (β
0
) 

varied from 536 ± 183 to 848 ± 134 and 521 ± 157 

to 870 ± 99 kg for males and females, respectively 

(see Table 4). 

Table 4. Brody’s coefficients in three Colombian buffalo production systems.  

Sex System
Coefficient Productive parameters

β
0

β
1

β
2

My (%) A50 (days) A75 (days)

Male A 848.92 ± 134.28  0.96 ± 0.02 8.7E-04 ± 5.10E-04 0.28 ± 0.10 797.80 ± 296.21 1785.97 ± 484.44

B 536.03 ± 183.28 0.93 ± 0.04 2.49E03 ± 1.25E03 0.58 ± 0.17 367.42 ± 212.64 712.54 ± 438.44

C 743.86 ± 216.05 0.94 ± 0.03 9.03E-04 ± 6.50E-04 0.29 ± 0.14 870.69 ± 467.29 1984.18 ± 844.40

Female

A 869.79 ± 99.26 0.96 ± 0.02 6.53E-04 ± 2.82E-04 0.23 ± 0.07 1098.83 ± 292.32 2280.21 ± 577.65

B 521.91 ± 156.87 0.93 ± 0.02 2.45E-03 ± 1.15E-03 0.58 ± 0.16 354.02 ± 218.52 700.34 ± 417.55

C 801.87 ± 192.61 0.96 ± 0.03 9.12E04 ± 6.10E-04 0.29 ± 0.12 839.69 ± 397.65 1836.19 ± 659.18

MY: Maturity at one year of age A75: Age at 75% of maturity β
1
: Adjust parameter

A50: Age at 50% of maturity β
0
: Adult weight β

2
: Precocity index
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The MY, A50%, and A75% traits were 

calculated with Brody’s function using the 

following equations:

i
t

eV
it

*
1

2

1

β
β

−
−=

   

;

   2

1 )/)1ln((

β
βv

Ev

−
=

 

 Where V
ti
 is the maturity grade at different ages 

(ti), and E
v
 is the age at different maturity grades 

(6).  The MY trait in the three productions systems 

varied from 0.28 ±0.10% to 0.58 ± 0.17% and 0.23 

± 0.07% to 0.58 ± 0.17% for males and females, 

respectively. In regard to A75%, it varied from 712 

± 438 to 1,984 ± 844 and 700 ± 417 to 2,280 ± 578 

days of age for males and females, respectively (see 

Table 4).

Absolute (live weigh) and relative growth (daily 

weight gain, DWG) for males and females were 

plotted (see Figure 2) using Brody’s functions 

coeffi cients for the PSB systems. The relative 
growth curve was obtained using the fi rst derivate of 
the Brody’s function.
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Figure 2. Absolute and relative growth (DWG) for production system B (SPB), according to Brody’s function. 

For production system B, the number of records, 
means, and variation coeffi cients for WW, WY, 
MY, A50% and A75% traits included in the genetic 
analyses are shown in table 5. The means for WW 
and WY in males were 251.23 and 282.40 kg, 
respectively. Females were lighter in 12.22 and 
11.35 kg for WW and WY, respectively. 

Phenotypic variance for WW was 801.18 kg2. 
The direct and maternal heritabilities were 0.19 ± 
0.10 and 0.12 ± 0.14, respectively. 

The proportion of the variance for permanent 
environment was 0.64. The genetic correlation 

was 0.37 with a high standard error (± 0.94), 
understanding that there were diffi culties in our 
estimation. 

Heritability average for WY from bi-trait 
analyses values was 0.39. Heritabilities for β

0
, β

1
, 

β
2
 , MY, A50% and A75% traits were lower than 

0.20. The genetic, environmental and phenotypic 
correlations for WY are shown in table 6.

 
Heritability values as well as genetic and 

phenotypic correlations obtained in the tri-trait analysis 
are presented in table 7. Heritability for adult weight 
(β

0
) and rate of maturity or precocity (β

2
) are moderate.  
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Table 5. Weaning weight and one year of age weight (WW and WY, respectively), maturity at one year of age (MY), age at 50% and 75% 

of maturity (A50% and A75%, respectively) in Ceilan, Riomanso and Cortijo buffalo herds.

Trait
Number of Ob-

servations
Mean ± Std. Dev.

Coefficient of 

Variation

Minimum 

Value 

Maximum 

Value

WW (kg) 788 241.16 ±  33.9 14.10 113 333

WY  (kg) 468 277.02 ±  31.5 11.36 152 359

MY(%) 783    0.55 ±  0.16 29.13 0.25 0.84

A50% (days) 483    347 ±  114 33.00 200 599

A75% (days) 308    905 ±  207 22.94 600 1296

Table 6. Heritability (h2) for β
0
, β

1
, β

2
 maturity at one year of age 

(MY), 50% and 75% of maturity (A50% and A75%, respectively) and 

their genetic (rg), environmental (re) and phenotypic (rp) correlations 

with weight at one year of age in Ceilan, Riomanso and Cortijo buffalo 

herds (PSB).

 h2 r
g

r
pe

r
p

β
0

0.10 -0.47 -0.03 -0.03

β
1

0.20 0.74 0.08 0.25

β
2

0.10 0.31 0.03 0.08

MY 0.15 0.75 0.24 0.34

A50% 0.09 -0.35 -0.02 -0.08

A75% 0.20 0.33 0.08 -0.04

Genetic correlations between β
0
 and WY 

(table 6) and β
0
 and β

2
 (see Table 7) were high and 

negative (-0.47 and -0.76, respectively). Genetic 
correlation between WY and β

2
 was positive (0.31). 

Genetic correlation between WY and MY was 0.75., 
and genetic correlations between WY-A50% and 
WY-A75% were -0.35 and -0.33, respectively.   

Table 7. Heritabilities for Brody’s coefficients (diagonal), genetic 

correlations (under the diagonal) and phenotypic correlations (over 

the diagonal) in Ceilan, Riomanso and Cortijo buffalo herds (PSB).

 β
0

β
1

β
2

β
0

0.09 0.23 0.68

β
1

0.62 0.11 0.23

β
2

-0.76 -0.23 0.22

Discussion

Adult animal weight depends on the nutritional 
value of forages and supplementation (36). Age is 
also a factor that determines adult weight, according 
to Morrow et al (25): for Angus cattle, stable 
weight was reached after 4.5 years of age. Beltran 
et al (2) indicated that weight remains constant after 
5.5 years of age, suggesting that for animals with 

out weighing records near this age the non-lineal 
functions will not reach convergence. In this study, 
the convergence levels were reached in Brody, 
Gompertz and Logistics functions, where PCC was 
higher than 98%. Furthermore, the adult age was 
reached at 3 years of age, coinciding with other 
researchers who found that buffalo age to reach 
slaughter weight is younger than beef cattle, due to 
their high growth speed and precocity (1, 19, 32).  

Although all the mathematical functions described 
the growth curve, Brody was selected as the best 
function. The high phenotypic variation observed can 
be explained by genetic and environmental effects 
between and within the three production systems. 
Similar results were reported by Garnero et al (16) in 
Nelore cattle and Oliveira et al (28) in Guzerat cattle.  
Working on Brody’s function with Angus Cattle, 
Kaps et al (20) reported that 55 and 65% of maturity 
were reached at 365 and 540 days, respectively. 
These results were similar to PSB but lower than 
PSA and PSC systems, because PSA and PSC were 
dual-purpose raising systems (meat and milk). In 
Brazilian Nellore females, A50% was reached at 
430 days of age (16) which agrees with Oliveira et 
al (28), who reported that Bos indicus cattle is less 
precocious and has slower growth compared to Bos 
taurus cattle.

For production system B, the means for WW 
and WY were 241.16 and 277.02 kg, respectively. 
Argentinean (39) and Venezuelan (32) buffalo herds 
reported WW of 201 ± 15 kg and of 235 ± 22 kg, 
respectively, which are lower than the values found 
in this study.

The direct and maternal heritabilities were 0.19 
± 0.10 and 0.12 ± 0.14, respectively. In beef-type 
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buffaloes, heritability for WW reported values vary 
from 0.16 up to 0.23 (35); the results found in this 
study are considered moderate in comparison with 
data for beef cattle which vary from 0.33 to 0.59 
(5, 23).  The genetic correlation was 0.37 with a 
high standard error (± 0.94), understanding that 
there were diffi culties in our estimation. Dodenhoff 
et al (13) estimated direct and maternal genetic 
correlations between -0.37 and 0.64 for nine cattle 
breeds, while 6 of them (Braunvieh, Gelbvieh, 
Pinzgauer, Charolais, Limousin and Red Poll) had a 
positive genetic correlation.

Carrero (10) reported wide variation for WY 
heritability in buffalos (between 0.18 and 0.85), 
which can be explained by the environmental 
conditions and the genetic model used for 
evaluating the data. 

The heritability for adult weight (β
0
) and rate of 

maturity or precocity β
2
) are moderate, suggesting 

that selection based on these parameters can lead 
to acceptable genetic progress. For β

2
, Carrijo and 

Moura (11) reported 0.12 and 0.33 in Nelore and 
Chianina cattle, respectively.  

Genetic correlations between β
0
 and WY 

and β
0 

and β
2
 were high and negative, indicating 

that selection based on precocity (β
2
) leads to 

obtaining individuals with low adult weights. 
Similar values were estimated by Carrijo and 
Moura (11), Oliveira et al (27) and Garnero et 

al (16), suggesting that animals selected for 
greater adult weight would be less precocious 
than animals with lower adult weights. Genetic 
correlation between WY and β

2
 and WY and MY 

were positive. Carrijo and Moura (11) reported 
0.51 for the genetic correlation between β

0
 and 

age to the inflection point in Nelore cattle. Their 
report coincides with the genetic correlations 
estimated by Northcutt et al (26) in Angus, and by 
Bullock et al (4) in Hereford. Genetic correlations 
between WY-A50% and WY-A75% were 
negatives, suggesting that animals presenting 
greater WY genetic values will also present 
smaller A50% and A75% genetic values.  

According to the results obtained in this study, it 
is possible to alter the growth curve of Colombian 
buffalo cattle using as a reference the coeffi cients 
of the mathematical function proposed by Brody, 
considering that there is moderate genetic variability 
in the studied population. Increasing precocity by 
using selection programs reduces traits such as age 
to starting of reproduction, age to slaughter, and 
adult weight.  
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