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INTRODUCTION 
Under tropical conditions the worst direct and indirect effects of the environment greatly 
reduce fertility of dairy cattle (Thatcher, 1974; Badinga et al., 1985). The hair coat 
characteristics affect the transfer of energy from the skin to the environment and consequently 
the animal temperature control (Cena and Monteith, 1975; McArthur, 1991; Silva, 1999).When 
such an animal is exposed to the sun, an extremely steep temperature gradient exists between 
the surface of the haircoat and the skin. Sensitivity analysis confirmed that in addition to air 
temperature, coat depth and wind speed are significant determinants of heat loss from cattle. 
An increase in coat depth from 3 to 10 mm reduced the sensible heat loss from cattle from 10 
to 17 % (Turnpenny et al., 2000). The hypertermia directly alters and impairs the cellular 
function of various parts/tissues of the reproductive system (Wolfenson et al., 2000). The 
objective of the present study was to determine whether haircoat characteristics affect 
reproduction performance of Holstein cows in tropical environment, together with estimates of 
heritabilities and correlations to genetic improvement of the adaptation of the breed to hot 
climates.  
 
MATERIAL AND METHODS 
The data were obtained from the herd of Santa Rita in Descalvado, São Paulo, Brazil 
(21°57´42´´ South, 47°50´28´´ West, 860 m high), consisting of measurement in 900 Holstein 
cows, daughters of 146 sires. Cows were housed in climatised units (fans and sprinklers) and 
managed under a free-stall system. Coat color (C) was defined as the proportion of black spots, 
evaluated by direct visual observation. Tail, legs and belly were not considered. Hair samples 
were obtained after Silva (2000), from both black and white spots. Coat thickness (T, in mm), 
hair length (L, in mm), number of hairs per unit area (N, hair/ cm2), and hair diameter (D, µm) 
were measured as described by Silva (2000). The effective transmissivity (τ*) and reflectivity 
(ρ*) of the coat were determined as described by Silva et al (2001). The individual records 
included its identification number, date of birth, sire and dam identifications, first and second 
calving dates and number of services per calving. Data were analyzed by the method of least 
squares, using the general linear procedures  (SAS, 6.11). Hair coat trait had to be transformed 
to attain normal distribution, by using the method of Box and Cox (1964). The mathematical 
model used to analyze age at first calving was as follow: 
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Y ijklmnopqr = α + Ai + Mj + Qk +Pl + Tm + Ln + Do + Np + Oq +Sqr + b1 (τ1*- T) + b2 (τ2*- 
T) + b3 (τ3*- T) + b4 (ρ*- R) + b5 (ρ*- R) + b6 (ρ*- R) + εijklmnopqr   … (1) 
Where Yijklmnopqr is the mean age at first calving of r-th cow; Ai is the effect of the year of first 
calving (i=1,…,12); Mj is the effect of the j-th season class (j=1,…, 4); Qk is the effect of 
service number for first calving (k=1,…,10); Pl is the effect of coat color (C) class (l=1,…, 4); 
Tm is the effect of coat thickness (T) class (m=1,…, 4); Ln is the effect of hair length (L) class 
(n=1,…, 4); Do is the effect of hair diameter (D) class (o=1,…,4); Np is the effect number of 
hair (N) class (p=1,…,6); Oq is the effect of the origin of the sire class (q=1,…,3); Sqr is the 
effect of sire within origin (r=1,…,192); b1, b2 and b3 are regression coefficients on the 
effective transmissivity (τ*), b4, b5 and b6 are regression coefficients on the effective 
reflectivity (ρ*) of coat for each wavelength 300-420 nm (1), 420-780 nm (2) and 780-850 nm 
(3); εijklmnopqrs was the random error, and α the intercept. The model used for the analysis of the 
calving interval data of the 589 animals is:  
Y ijklmnopqrs = α + Ai + Mj + Qk +Pl + Tm + Ln + Do + Np + Oq +Sqr +Is + b1 (τ1*- T) + b2 

(τ2*- T) + b3 (τ3*- T) + b4 (ρ*-R) + b5 (ρ*-R) + b6 (ρ*-R) + εijklmnopqrs  …(2) 
Where Yijklmnopqr is the interval between the first and second calving of the s-th cow; Ai is the 
effect of year of second calving (i=1,…,10); Qk is the effect of service number for second 
calving(l=1,…,17); Is is the effect of age at second calving (k=1,…,3), other terms are as 
described for model (1). Multiple Trait Derivative Free Restricted Maximum Likelihood 
procedure was used to obtain initial values of variance and covariance components. The 
method of the Maxim Restricted Likelihood was used under the Animal Model to estimate 
variances and covariance components. Only significant fixed effects and random effects were 
considered in models 1 and 2.  
 
RESULTS AND DISCUSSION 
Mean age at first calving (792 days) and calving interval (420 days) were similar to those 
observed by Becerril et al. (1993), in Florida U.S.A. and by Zambianchi et al., (1999), for 
Holsteins cows in Brazil. The results of the analyses of variance are summarized in table 1. 
Significant variations of age at first calving were associated with year and season of calving, 
number of service to conception, origin of the sire, sire within origin and hair diameter. Cows 
calving from September to February showed to be older at first calving than those in other 
seasons. Average age at first calving of the first service was highly significant compared to that 
with greater number of services. Hair diameter had significant variance for the age at first 
calving. Older cows had greater hair diameter than those with smaller diameter. As greater is 
the hair diameter the higher will be the heat conduction (Silva, 2000). Daughters of bulls from 
U.S.A. were younger (885 days) than those from Brazil (902days) and Canada (948), without 
significant difference among the two last. Significant effects of second calving year, service 
number, age of dam, sire within origin and hair length were observed on calving interval. The 
year of calving was of great significance. Season was not significant. The number of services 
was significant effect, causing longer intervals. The age of dam had a highly significant effect 
on calving interval as observed by McGregor, (1999). Only the hair length had significant 
effect on calving interval. Cows with shorter hairs had longer calving interval. However, cows 
adapted to hot climates present short hairs (Silva, 1999, 2000). Estimated phenotypic, 
environmental and genetic variances and heritabilities are given in table 2. Heritability 
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estimates for reproduction traits did not widely differ from average literature values. The 
relationship between hair coat type and reproduction performance of Holstein cows in the 
present study showed low genetic variances (table 2) and correlations (table3). The animals 
with the best coat type (predominantly black, thin, smooth and short length), managed under 
shade with fans and sprinklers, are the best choice to soften the effects of the hot environment. 
 
Table 1. Analysis of variances for age at first calving (Model 1) and calving interval 
(Model 2) of Holstein cows 
  
 Model 1 Model 2 
Source U DF Mean Square Pr>F DF Mean Square Pr>F 
Year  10 9066.00 0.0003 8 4067.6 0.0246 
Season 3 9158.00 0.0187 3 4635.7 0.0560 
Service number 9 107232.55 0.0001 16 84862.7 0.0001 
Age    2 124090.2 0.0001 
Origin 2 14988.10 0.0051 2 1132.4 0.5358 
Sire (Origin) 189 2425.37 0.0001 150 2952.2 0.0001 
Coat color 3 760.71 0.4646 3 1812.4 0.3956 
Hair thickness 2 760.71 0.8503 2 4656.0 0.0791 
Hair length 3 4153.48 0.2272 3 5315.0 0.0342 
Number of hair 5 4072.98 0.2009 5 3674.8 0.0756 
Hair diameter 3 6896.34 0.0356 3 1550.0 0.4672 
Regression on transmissivity (τ*) 1 1 122.09 0.8006 1 749.6 0.5218 
Regression on transmissivity(τ*) 2 1 69.47 0.8379 1 987.2 0.4623 
Regression on transmissivity (τ*) 3 1 32.59 0.8744 1 1132.4 0.4312 
Regression on reflectivity (ρ*) 1 1 285.61 0.3135 1 519.3 0.5939 
Regression on reflectivity (ρ*) 2 1 1693.88 0.4329 1 621.8 0.5596 
Regression on reflectivity (ρ*) 3 1 1474.88 0.4638 1 680.2 0.5417 
Error  664 2788.6  394 1823.5  
R2 0.59   0.90   

U units: Age of first calving, (days); calving interval (days); coat thickness (mm), hair length, (mm); number of hair 
per unit  (hair/cm2); hair diameter (µm); coat color (%), effective transmission (τ*) and reflection (ρ*). 
 
Table 2. Estimative of phenotypic (σp

2), environmental (σe
2) and genetics (σg

2) variances 
and heritability (h2) 
 

Parameters Trait A (n) 
σp

2 σe
2 σg

2 h2 
AFC 900 3280.580 2308.183 972.397 0.30 ± 0.08 
CI 598 2138.399 1735.041 403.358 0.19 ± 0.10 
T 900 0.127 0.122  0.0055 0.04 ± 0.05 
L 900 8.090 5.166 2.924 0.36 ± 0.09 
N 900 136093.720 129375.830 6717.890 0.05 ± 0.04 
D 900 27.374 10.89 17.280  0.63 ± 0.08 
C 900 774.17 191.97 582.20 0.75 ± 0.08 

A abbreviations: age at first calving, (AFC); calving interval (CI); coat thickness (T), hair length (L); number of hair 
(N); hair diameter (D); coat color (C).  
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Table 3. Genetics, phenotypic and environmental correlations of hair coat characteristics 
and fertility traits of Holstein cows in Tropical environment 
 

Age at first calving Calving interval Trait A 

Genetic Phenotypic Environmental Genetic Phenotypic Environmental 
T -0.37±0.525 -0.062 -0.075 0.02±0.54 -0.06 -0.024 
L -0.28±0.210 0.001 -0.000 0.00±0.34 0.037 0.182 
N 0.12±0.067 -0.029 0.554 0.05±0.72 -0.024 0.001 
D -0.08±0.178 0.100 0.098 -0.29±0.26 0.132 0.313 
C 0.00±0.147 0.014 -0.082 0.07±0.234 0.012 0.034 

A abbreviations: coat thickness (T), hair length (L); number of hair  (N); hair diameter (D); black coat color (C).  
 
CONCLUSION 
The relationship between hair coat type and reproduction performances of Holstein cows in the 
present study showed low genetic variances and correlations. In this context the relationship 
between coat type, heat stress and reproductive performance in cattle raises questions of great 
scientific interest and potential of equal practical importance for Tropical environments, 
mainly for dairy cattle managed in open pasture.  
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