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Abstract: Genetic improvement depends on identification of the best animals capable of transmitting the
desirable characteristics to their offspring. Thus, investigating improvement some growth traits and
reproductive performance early in life is the target of this study. Weaning weight (WW), mature buffalo weight
(MW), age at first calving (AFC) and interval from calving to conception (ICC) records from Egyptian buffalo
experimental population calving between 1995 and 2015 were analysed to estimate genetic parameters by fitting
a multivariate animal model using the restricted maximum likelihood (REML) procedure. Estimates of heritability
for WW, MW, AFC and ICC were 0.189 ±0.040, 0.229±0.027, 0.145 ±0.040 and 0.048±0.008, respectively.
Estimates of genetic correlations between WW and each ICC and MW were clearly very low being -0.102±0.235
and 0.178±0.069, respectively. A genetic correlation between AFC and WW was moderate (0.418±0.095) while
it was close to zero (-0.013±0.095) between AFC and MW. Low genetic correlations were observed between ICC
and MW (0.281±0.198) and AFC (0.244±0.228). Based on these results, selection to improve mature buffalo
weight and the weight at weaning is expected to have a positive response in age at calving, whereas long-term
selection is not expected to have favorable response in interval from calving to conception. Generally, it should
depend mainly on improving managerial practices.
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INTRODUCTION [5]. The inavailability of studies on the genetic

The possibility  of  improving  milk  yield,  milk performance early in life,  still require more information
quality and reproductive efficiency by  accurate  selection where buffalo is the main of milk and source meat.
for appropriate weight and age of first calving has been a Therefore,  this study aimed to estimate the associations
subject of interest through selection scheme in Egyptian among some growth and reproductive traits of buffaloes
buffalo. Evaluation of first lactation production is of great during their first lactation and to investigate the
importance for the replacement of primiparous dairy cattle possibility to improve them through selection scheme of
and buffalo populations. The cost of replacement heifers experimental buffalo population.
can be reduced by increasing prepubertal growth rate
which in turn decreases time to conception and age at first MATERIALS AND METHODS
calving [1, 2].

In a review by Bailey and Currin [3] indicated that the Description of the Data Set: Data originated from buffalo
weight at first calving is more critical than age at calving experimental herds of Mehallet Mousa located in Sakha,
in relation to milk production and reproductive efficiency. Kafr El-Sheikh Governorate belonging to the Animal
Consequently,  any increase in profit potential required Production Research Institute (APRI) of the Agricultural
greater herd reproductive performance [4]. In experimental Research Center at the Ministry of Agricultural. Records
buffalo herds,  most buffaloes produced low milk yield pertained to 1989 to 2012 years of birth and 1995 to 2015
due to the short lactation length during their first lactation years of the calving.

associations among some growth traits and reproductive
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Management of the Experimental Herds: Buffaloes were
kept under semi-open sheds. As a rule,  buffalo heifers
were to be first mated at 24 months of age or 330 kg of
weight which comes first. Buffalo cows were naturally
mated in a group-mating system. Heifer pregnancy was
diagnosed by rectal palpation approximately 60 days after
the end of their first breeding. Buffalo cows were kept
under the regular systems of feeding and management
adopted by (APRI). An amount of rations given to the
animals were determined according to their live body
weight and level of milk production,  mineral salt and
vitamins was offered regularly.

They were fed on Egyptian clover,  rice straw and
concentrate feed mixture (CFM) during winter-spring
period. During summer-autumn period; they were fed on
rice straw,  the same CFM,  maize silage and berseem hay
(Trifolium alxandrinum). The ration was offered twice
daily and clean water was available all the time. The body
weight was measured immediately after calving and
milking buffalo cows were to be dried off two months
before their expected next calving dates. Dry off treatment
is practiced for lactating females in the herds. Drugs
against diseases and parasites were applied twice a year.

After  calving,   calves remained with their dams for
72 h to suckle colostrum. After that calves received milk
using buckets twice a day till weaning. Milk consumed by
each calf starts from 4.5 kg/d during their 1  week of agest

and then increased gradually to 5 kg during their 5  one.th

By the last week of suckling,  milk decreased gradually to
be one kg in the morning meal only. Sulking period varied
from 2-4 months with an average of 95 ± 1.78 day.
According to the feeding schedule practiced for pre-
weaning calves in the experimental herd of stations,  every
calf received the amount of 0.5 kg of concentrates starting
from the 4  week of age that gradually increased to theth

maximum of 1.75 kg during the last week before weaning.
Moreover,  each calf received 1 kg of berseem hay starting
from the 4th week of age until weaning. The criteria used
for culling females included consecutive reproductive
failure in normal season; lack of conception within one
year,  low progeny performance with a lower frequency
and health problems.

The following traits were evaluated: weaning weight
(WW),  mature buffalo weight (MW),  in kilograms,  age
at first calving (AFC) and interval from calving to
conception (ICC) were measured in days. 

The fixed effects were included; for WW: herd,  year
and  season  of birth,  season at weaning and age of
heifers at weaning and age dam at first calving (linear and
quadratic) effects as covariates; MW: herd,  year and
season  of  caving,   season  at  weaning  and  age  buffalo

Table 1: Characteristics of the data structure for weaning weight (WW,  kg)
mature buffalo weight (MW,  kg) age at first calving (AFC,
month) and interval from calving to conception (ICC,  day)

Trait
--------------------------------------------------------
WW MW AFC ICC

No. of records 2146 2085 2085 2060
Sires,  no. 220 205 205 199
Dams,  no. 1270 1251 1251 1130
Herds,  no. 4 4 4 4
Means 84.0 397.1 37.4 157.7
Standard deviations 8.8 50.1 6.1 81.6

cows at calving (linear and quadratic) effect as covariates;
AFC: herd,  year and season of birth of buffalo cows and
breeding season and ICC: herd,  year and season of
caving and age of buffalo cows at calving (linear and
quadratic) effect a covariate. Descriptive of the dataset
analysed is presented in Table (1).

Statistical Analysis: The components of (co)variances
and the genetic parameters for WW,  MW,  AFC and ICC
were estimated of buffalo cows considering all available
pedigree information generated from their ancestors using
the method of restricted maximum likelihood (REML) with
the software VCE 4.0 [6] by fitting a multi-trait animal
model. In matrix notation,  the model and its respective
assumptions can be described as follows:

y = X  + Z a + Z m +Wp + e (1)1 2

where, y is the vector of observations of studied traits
(WW, MW, AFC and ICC); is the vector of an overall
mean and fixed effects, a is the vector of animal’s direct
additive genetic random effects, m is the vector of
animal’s maternal genetic random effects, p is the vector
of animal’s random maternal permanent environment
effects, X,  Z ,  Z  and W are incidence matrices for fixed1 2

effects and direct additive genetic,  maternal genetic and
maternal permanent environmental random effects,
respectively; and e is the vector of random residual
effects normally and independently distributed as (0,
Ió ). Maternal (genetic and permanent environmental)2

e

effects were only included for WW. 
Expected direct and correlated responses to selection

for one trait were estimated by Falconer and Mackay [7]
as:

R = i h  and CR = i h h  r (2)X X PX Y X Y Gx GY PY
2
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where,  R  is the direct response in selection for X trait; effect is more importance in the increase of prepubertalX

h  is the heritability estimate of X trait;  is the standard growth rates of heifers pre-weaning [15]. In contrast to2
X Px

deviation of phenotypic value of the trait X,  CR  is the direct genetic effect,  the estimate of maternal heritabilityY

correlated response in Y trait; i is the selection intensity was low 0.119 ±0.079. This finding indicated a small
assuming to be one for comparison only; h  and h are the proportion of the maternal effect after weaning. AsX Y

h of  heritability  estimates  for  trait  X  and Y, indicated by Robinson [16],  this maternal effect is more2

respectively; r  is the genetic correlation between two important than the direct genetic effect in early life ofGx GY

traits and is the standard deviation of phenotypic value heifers,  especially if the calf is still being suckled for aPY

of trait Y. long time. 

RESULTS AND DISCUSSION maternal heritability estimates for WW of 0.21 and 0.07,

The overall mean [standard deviation,  SD] of the findings of the current study,  El-Bramony et al. [18]
WW was 84.0 (8.8) kg at the average age of 94.8 (6.7) found a high direct and maternal heritability estimates for
days.  Lower  estimate  for  WW   was   reported by WW of 0.27 and 0.07 from the first to the eight lactations
Akhtar et al. [8, 66 kg] at the average of age 90 days of in the buffalo population. MW had moderate estimate of
Nili-Ravi buffalo heifers. heritability 0.229 ±0.027 (Table 2),  indicating that direct

Estimates of overall mean and SD for MW and AFC selection for improve this trait lead to promote substantial
were 397.1(50.1) kg and 37.4 (6.1) months,  respectively genetic response and shifting in managerial practices.
(Table1). Contrary,  higher estimates for MW (465 kg) and Similar  estimate  was  reported  by  Akhtar  et al. [8] for
AFC of 44 months in Colombia buffaloes were reported by Nili-Ravi heifers at the age of 3 years. Higher estimate
Cortes et al. [9]. The shorter age at first calving in the (0.45) was reported by Boligon et al. [17] for Norlle cattle
present study compared to Colombian buffaloes could be heifers at the age of 4 years. 
referred to the different breed,  managemental and Estimate of direct heritability for AFC was 0.145 ±
environmental conditions. In addition,  the growth rates 0.040 (Table 2). This result is lower than that (0.109)
and in turn the mammary gland secretory tissues are reported of this population by El-Bramony et al. [19]
sensitive to body weight gain during the prepubertal using another data over period from 1988 to 2008. A
period of heifers [10]. Generally,  the body weight of an recent study by Barros et al. [20] showed average
animal is influenced by its age,  genotype and the heritability estimate of AFC value of 0.16 at the age of 37.6
managerial practices. Hence,  shifting management month working on data of Brazilian buffalo. Taneja [14]
applications can result in improving herd performance of stated that the heritability estimates for AFC varied
heifers and buffalo cows in pre- and post- calving of the between 0.12 and 0.53 in other buffalo populations. 
first lactation. In general,  estimates of direct heritability for WW,

The overall mean and SD of the ICC were 157.7 (81.6) MW  and  AFC  indicate  that  some variation in these
days. The interval from calving to conception in other traits is determined by the additive effects. Thus,  these
populations of buffalo varied between 115.0 and 240 days results suggest the possibility of using these traits as
[9,  11,  12]. Longer ICC period are associated to late selection criteria to improve performance in the first
conception which was directly related to heat detection lactation. The direct heritability for ICC was clearly low
practices and nutritional requirements as showed by 0.048±0.008. Similarly,  lower estimate were reported by
Khattab and Ashmawy [13] and Taneja [14] in other Thevamanoharan  et  al.  [21,  0.06]  for   Nili-Ravi  and
buffalo populations. In addition,  the interval from calving Aziz et al. [11; 0.09] working on another dataset similar to
to conception was associated with length of the calving the current buffalo population. 
interval and poor reproductive efficiency [14]. Heritability estimate of the ICC indicated that it
Consequently,  unfavorable trend is expected in should depend mainly on improving herd managerial
generation interval. Therefore,  improving managerial practices. In cattle and buffalo breeding literature,  the low
practices early in life would be of great importance. estimate of ICC and reasonable estimate of AFC are

Estimates ± standard errors of heritability for WW, naturally of reproductive traits. Generally,  when
MW,  AFC and ICC are shown in Table (2). The Direct heritability estimate of trait is low,  an animal’s
heritability estimate was moderate (0.189 ± 0.040) for WW. performance is not a good indicator of its breeding values.
A similar finding (0.170) was reported by Akhtar et al. [8] Accuracy of breeding values is weak and selection will
of WW for Nili-Ravi buffalo heifers. The direct genetic not be very effective [22].

Similarly,  Boligon et al. [17] reported a direct and

respectively,  for Nellore cattle heifers. In contrast to
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Table 2: Estimates of direct (h a) and maternal (h m) heritabilities and Table 3: Expected direct (Number on the diagonal in bold) and correlated2 2

genetic correlations (rg) and their standard errors for weaning
weight (WW),  mature buffalo weight (MW),  age at first calving
(AFC) and interval from calving to conception (ICC)

Trait
------------------------------------------------------------------------------

Paramter WW MW AFC ICC
h 0.189 ±0.040 0.229±0.027 0.145±0.040 0.048±0.0082

a

h 0.119±0.0342
m

rg

MW  0.178±0.069
AFC  0.418±0.095 -0.013±0.095
ICC  -0.102±0.235 0.281±0.198 0.244±0.228

Estimates and standard errors of genetic correlations
among WW,  MW,  AFC and ICC are shown in Table 2.
The estimates of genetic correlations between WW and
each ICC and MW were clearly very low being -0.102 and
0.178,  respectively. A genetic correlation between AFC
and WW was moderate (0.418) while it was close to zero
(-0.013) between AFC and MW. Low genetic correlations
were observed between ICC and MW (0.281) and AFC
(0.244).

In general,  genetic correlations among studied trait,
except of WW and AFC were very low,  indicating that
promote selection for each trait can be effected
independently of the other. The positive genetic
correlation between WW and AFC suggests that there is
a favorable response in improving performance of first
lactation.This result indicates that WW increased with
increasing age of buffalo at calving. In agreement with the
results of Head et al. [23],  the prepubertal growth rates
and performance of the first lactation generally more
consistently. In the same context,  Hoffman et al. [24]
explained that increasing the rates of postpubertal growth
and early calving may have to do an unfavorable
performance in the first lactation.

The adoption of economically traits early in life as
criteria of selection may contribute in reducing the
generation interval which results in increasing the amount
of genetic gain. The expected direct and correlated
responses were estimated in one generation of buffalo
cows,  the intensity of selection assuming to be one,  just
for comparison,  for studied traits are listed in Table (3). 

The expected genetic gains through direct selection
for a single trait result in correlated response in other
traits. It is probably determined according to the genetic
variation and estimates of heritability for the studied
traits. Based on direct selection,  the expected genetic
response to selection per generation expressed as
percentages of the overall mean for WW,  MW,  AFC and
ICC was positive +1.98,  +2.89,  +2.36 and +2.49%,
respectively.

responses (off the diagonal) for weaning weight (WW,  kg],
mature buffalo weight (MW,  kg),  age at first calving (AFC,  day)
and interval from calving to conception (ICC,  day]

Expected genetic response in studied traits:
-----------------------------------------------------------------------------

Trait WW MW AFC ICC

WW 1.66 1.86 16.18 -0.79
MW 0.33 11.47 -0.44 2.40
AFC 0.61 -0.12 26.98 1.66
ICC -0.09 1.48 3.79 3.92

The expected correlated genetic responses in WW,
MW,  AFC and ICC would be +1.98,  +0.47,  +1.42% and
-0.50% respectively,  when selection was based on
weaning  weight.  Corresponding  estimates  when
selection was based on mature buffalo weight,  resulted in
+0.39,  +2.89,  -0.04 and +1.52% for WW,  MW,  AFC and
ICC while selection was based on age at first calving
resulted in +0.72, -0.03,  +2.39 and +1.05%,  respectively.
Similarly,  selection in WW,  MW,  AFC and ICC would be
-0.10,  +0.37,  +0.35 and +2.49%,  respectively,  when
selection was based on interval from calving to
conception.

Based on these results,  selection to improve mature
buffalo weight and weaning weight in the first lactation is
expected to have a positive genetic response in age at
calving. While,  long-term selection is not expected to
have favorable response in interval from calving to
conception. Generally,  it should depend mainly on
improving managerial practices.

However,  increase in the period from calving to
conception may be desirable especially of the heifers
conceive at weight and young age. Because of these
primiparous females still in the growth phase and the
physiological and biological requirements [1, 2,  10, 24].
Thus,  a favorable correlated response is expected to with
subsequent lactations performance [25].

CONCLUSION

In a comparison with other buffalo populations,  the
amount of available data analysed on experimental buffalo
population is lower in the first lactation. Generally,  the
estimates obtained of genetic parameters are within the
average found in the literature of other buffalo
populations.

Lower estimates  of  overall  means  of  weight  and
age  at  weaning  indicate more attention should be paid
for improving them during pre-postpubertal growth
stages.
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In particular,  heritability estimates for WW, MW 10. Sejrsen,  K.,  J.T. Huber,  H.A. Tucker and R.M.
and AFC indicate that considered these traits in the Akers,  1982. Influence of nutrition of mammary
selection index will be improve the performance of life development in pre- and postpubertal heifers. J. Dairy
production in the population studied. The estimate of Sci.,  65: 793-800. 
heritability for ICC depends mainly on improving herd 11. Aziz,  M.A.,  S.J. Schoeman,  G.F. Jordaan,  O.M. El-
managerial practices. Estimates of the expected correlated Chafie and A.T. Mahdy,  2001. Genetic and
response in WW,  MW and AFC indicated that adoption phenotypic variation of some reproductive traits in
mature buffalo weight,  as a criterion of selection is Egyptian buffalo. South African J. Anim. Sci.,  31:195-
expected to have a positive genetic gain in WW, MW 198 [On-line Edition (http://www.sasas co.za/
and AFC,  whereas long-term selection is not expected to Sajas.html].
have favorable response in ICC. 12. Montiel,  M.Ch.C.C.,  N. Montiel-Urdaneta, R.
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