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Influence of number of daughters per sire on genetic evaluation of Mehsana 
buffalo bulls under field progeny testing

J  P GUPTA1*, J D CHAUDHARI1, B M PRAJAPATI1, A K SRIVASTAVA1, H D CHAUHAN1 and P A PATEL2

Kamdhenu University (erstwhile SDAU), Sardarkrushinagar, Gujarat 385 506 India

Received: 12 April 2022; Accepted: 11 May 2022

ABSTRACT

First lactation production records of 7,825 Mehsana buffaloes, sired by 200 sires maintained at Dudhsagar 
Research and Development Association, Dudhsagar Dairy, Mehsana over a period of 25 years (1989-2013), were 
utilised for estimation of breeding value of the first lactation milk yield using BLUP - Univariate sire model and 
animal model using WOMBAT software. The study aimed to find out the optimum number of daughters that may 
be sufficient for more accurate and unbiased estimate of breeding value of Mehsana buffalo bulls. The effectiveness 
of different models run with different daughters per sire for sire evaluation was judged on the basis of within-sire 
variance. The maximum and minimum estimated breeding values were 1924.04 l (BLUP-AM, 5 daughters/sire) 
and 1855.61 l (BLUP-SM, 30 daughters/sire), respectively. However, error variance estimated was highest when 
five daughters/sire were evaluated and lowest, when 30 daughters/sire were evaluated. The present study revealed 
that the sire evaluation with sires having minimum 5, 10 and 15 daughters are equally efficient. However, if we do 
evaluation with sires having daughters more than 20, 25 or 30, additional accuracy of approximately 2.5%, 3% and 
5%, respectively may be obtained.
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Indigenous livestock breeds of India may have low 
production but, are locally well adapted for centuries. Dairy 
industry in Gujarat is well structured and Mehsana buffalo 
breed has played a significant role in its development 
since the days of operation flood. Selection of superior 
sires with maximum accuracy is more desirable and hence 
selection of sire is key step in any breed improvement 
programme (Mir et al. 2015). One of the pertinent question 
in progeny testing method of sire evaluation is that how 
many progenies performance should be evaluated for 
selection of appropriate sire? It is common understanding 
that increase in number of daughters per sire, in sire 
evaluation shall improve the efficiency of breeding value 
estimation but what should be optimmum number, needs 
to be ascertained. In India, evaluation of animals (Sires) 
faces severe bottelneck owing to small herd size (Birthal 
et al. 2006) with no proper recording system. However, 
these difficulties were tried to overcome with the concept 
of field progeny testing where animals at doorstep of  
small-holder livestock keepers were associated so as to get 
enough number of daughter’s records for testing. Present 
study was envisaged to get a cue from the field progeny 
testing regarding the requirement of optimum number of 

daughters per sire. Importance of this can be understood by 
the fact that it is difficult to get large number of daughters 
per sire owing to limited herd size under farm condition 
and also because the measurement and collection of data 
under field conditions are tedious.

MATERIALS AND METHODS

The present investigation was carried out using data 
of first lactation production records of 7,825 Mehsana 
buffaloes sired by 200 bulls, spread over a period of 
25 years (1989-2013), collected from the Dudhsagar 
Research and Development Association (DURDA), 
Dudhsagar Dairy, Mehsana. Total first lactation milk yield 
(FLMY) was calculated as per the procedure suggested by  
International Committee for Animal Recording (ICAR 
2014). The data available for the study were grouped 
into cluster, periods, season and age at first calving. The 
data spread over 74 villages, were clustered into 3 groups 
based on geographical location. The duration of 25 years 
was classified into 5 periods each of 5 years [Period 1 (P1) 
1989 to 1993, Period 2 (P2) 1994 to 1998, Period 3 (P3) 
1999 to 2003, Period 4 (P4) 2004 to 2008 and Period 5 (P5) 
2009 to 2013]. Each year of calving was further classified 
into 2 seasons (least calving season: January to June and 
most calving season: July to December) considering the 
seasonality of reproduction in buffaloes. Further, age at 
first calving of Mehsana buffaloes were classified into three 
groups using mean and one standard deviation of AFC in 
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the population (Group 1: 677-1100 days, Group 2: 1101-
1678 days and Group 3: 1679-2522 days).

Genetic evaluation of Mehsana buffalo bulls was carried 
out by two methods, Best Linear Unbiased Prediction – Sire 
Model (BLUP-SM) and Best Linear Unbiased Prediction – 
Animal Model (BLUP-AM); in which sires were treated 
as random effect and the other non-genetic factors (cluster, 
season, period and age at first calving group) were taken 
as fixed effects. The study aimed to find out the optimum 
number of daughters that may be sufficient for more 
accurate and unbiased estimate of breeding value of 
Mehsana buffalo bulls.

The breeding value of sire was estimated by BLUP 
method as given by Henderson (1975). In BLUP sire model 
(BLUP-SM), (co)variance components were estimated by 
BLUP using WOMBAT software genetic analysis tool 
(Meyer 2007). The model used in the analysis was,

yijk=Xbi+Zsj+eijk

From the above equation, the mixed model equation 
was developed as follows:

BLUP-AM (Table 1). Whenever number of daughters per 
sire was fixed, the number of actual sires in the analysis 
varied and it was 188, 184, 177, 165, 154 and 140, 
respectively for 5, 10, 15, 20, 25 and 30 daughters per 
sires. In India, generally the progeny testing programme 
operational in organised herd have limitation of the number 
of daughters born per sire. The number of daughters born 
per sire is low because of having limited space, resources 
and longer generation interval. Chitra et al. (2016) with 
the records of Murrah buffalo bulls having minimum 3 
daughters, estimated the breeding value as 2124.8 kg 
whereas, Sangwan et al. (2016) estimated it as +353.54 kg 
over average FLMY in Murrah bulls having minimum 5 
daughters. Ambhore et al. (2018) estimated the breeding 
value of milk yield in crossbred Phule Triveni cattle 
maintained at farms of MPKV, Rahuri as 2624 kg (error 
variance of 3,21,777 kg2) for sires having minimum 3 
daughters. Chaudhari et al. (2014) estimated the breeding 
value of FLMY in Murrah graded buffaloes maintained 
at field progeny testing programme of AMUL as 1704.73  
litres from the records of bulls having minimum 10 
daughters and the estimate obtained was comparatively 
lower than present study. Though the trend obtained was 
not conclusive, however, field progeny testing overcomes 
the hurdles of space and to some extent resources and it 
is essential to get an idea about the number of optimum 
daughters per sire for getting an accurate estimate of 
breeding value.

In the present investigation, it can be observed that 
with increase in the number of daughters per sire, there is 

 

Where,  and A is the numerator 
relationship matrix (NRM) of all the animals, which has 
non-zero off-diagonals only for the animal’s parents, 
progeny, and mates. The elements of A can contain additive 
genetic effects, non-additive genetic effects, maternal 
effects, and permanent environmental effects. In BLUP-
AM, the single trait animal model was considered for 
estimation of breeding values using WOMBAT software 
(Meyer, 2007) as:

Yijk=Xbi+Zaj+eijk

From the above equation, the Mixed Model Equation 
(MME) obtained was;
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Table 1. Average expected breeding value (EBV) of Mehsana 
buffalo bulls with varying number of daughters per sire under 

BLUP-SM and BLUP-AM   

Number of 
daughters per sire

Average EBV 
(BLUP-SM)

(in L)

Average EBV 
(BLUP-AM)

(in L)
5 1915.43 1924.04
10 1864.24 1882.51
15 1863.13 1878.55
20 1862.12 1876.72
25 1859.44 1870.81
30 1855.61 1863.58

Table 2. Relative efficiencies of sire evaluation based on 
variation in number of daughters per sire under BLUP-SM and 

BLUP-AM

Number 
of 
daughters 
per sire

BLUP-AM Relative 
efficiency
(in %)

BLUP-SM Relative 
efficiency
(in %)

05 465005000 87.81 1348830000 87.84
10 462784000 88.24 1342860000 88.23
15 457531000 89.29 1329240000 89.14
20 444973000 91.78 1291500000 91.74
25 430114000 94.94 1247950000 94.94
30 408341000 100.000 1184820000 100.000

Where, α = σ2
e/σ2

a, similar to sire model but  
σ2

a = σ2
s/0.25. Where, all the notations have their own 

meanings.
The above model was run for both sire and animal model 

(BLUP-SM and BLUP-AM) each time using different 
number of progenies viz. 5, 10, 15, 20, 25 and 30. The 
effectiveness of different models run with different number 
of daughters for sire evaluation was judged on the basis 
of within sire variance or error variance. The method with 
the lowest error variance was considered as most efficient 
method.

RESULTS AND DISCUSSION

Breeding value estimates for first lactation milk yield: 
The average expected breeding value of Mehsana buffalo 
bulls for first lactation milk yield with different number 
of daughters per sire was estimated using BLUP-SM and 
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corresponding decrease in the estimate of breeding values 
as well as error variance. Ratwan et al. (2020) in Sahiwal 
cattle, reported increase in genetic gain upon increasing 
the number of progenies/sire from 6 to 18, but, a further 
increase in the number of progenies/sire, gain increased 
only gradually and the magnitude was low. However, in 
the present study decrease was less pronounced, as number 
of daughters per sire increased to 15 and above (Table 1).  
Searle (1964) demonstrated that if heritability ranges 
from 0.2 to 0.4, the reduction of number of daughters 
per sire (25) will lead to only marginal (0.07) decrease 
in correlation between true and estimated merit of bulls. 
Moreover, heritability estimate for 305 day FLMY was 
reported to be 0.18 from the same population which is used 
for the present study. 

Relative effectiveness of sire evaluation based on 
variation in number of progeny: The relative efficiencies 
for different progeny (daughters) number in both the 
methods (BLUP-SM and BLUP-AM) were compared. It 
was observed that the model which considered sire with 30 
or more daughters is observed to have least error variance 
(Table 2) that is why it was considered to be the most 
efficient, and assigned with 100% relative efficiency in 
order to calculate the relative efficiency of other methods. 
However, estimate of breeding values obtained by Kumar 
and Chakravarty (2016) could not give clear relationship 
between breeding value and number of daughters per 
sire. The reason of getting either no or feeble relationship 
between the number of daughters per sire and breeding 

value estimate by Kumar and Chakravarty (2016) might be 
due to the fact that they estimated the breeding value of 
different set of bulls, and the daughter’s performance were 
evaluated in different farms at different set of environment.             

Sire evaluation is one of the most important aspects of 
animal genetic improvement programme. Traditionally, 
it involves the estimation of breeding value of the bulls 
on the basis of first lactation 305-days milk yield of their 
daughters with a rationale to minimise generation interval. 
In country like India the average herd size at farmers herd as 
well institutional farm is either very small or small. Many 
a times under such conditions, getting more number of 
progenies per sire is difficult or rather impossible. Present 
study revealed that the sire evaluation with sires having 5, 
10 and 15 daughters are equally efficient. However,  if we 
further go for sire evaluation with sires having progenies 
more than 20, 25 or 30 we may get additional accuracy of 
approximately 2.5%, 3% and 5%, respectively. 
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Fig. 1. Breeding values of top 5 ranking sires for FLMY by 
BLUP-SM with sires having varying number of daughters per sire.
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Fig. 2. Breeding values of top 5 ranking sires for FLMY by 
BLUP-AM with sires having varying number of daughters per sire.
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