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GENETIC AND NONGENETIC FACTORS AFFECTING BODY
WEIGHT IN NILI RAVI BUFFALOES
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ABSTRACT

Live body weight of Nili Ravi buffaloes
was studied to investigate the effect of certain
environmental sources of variation such as
herd, lactation number, lactation stage, season
of recording and age of buffaloes at the time
of recording along with appraisal of genetic
parameters of body weight including heritabilities,
genetic correlation and phenotypic correlation of
body weight with milk yield. Five milking herds
belonging to Nili Ravi buffaloes breed in Punjab
were utilized in this study. Data recorded during
2010 to 2012 included 839 observations. Estimation
of genetic parameters were carried out by Best
Linear Unbiased Prediction (BLUP) procedure
through ASREML set of computer program.
Least square mean for body weight was found
as 523.13+81.63 with a coefficient of variation of
15.60%. Herd, stage of lactation, lactation number,
recording season and buffalo’s age at the time of
recording significantly affected live body weight.
Univariate analysis of body weight indicated

that heritability estimate for body weight was
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0.33+0.07. Phenotypic correlations of body weight
with milk yield in 305 days and milk yield on
day of recording were found as 0.071+£0.034 and
0.090+0.053 while genetic correlations were found
as 0.16£0.00 and 0.20+0.00, respectively. High
heritability and positive genetic correlation of
body weight with milk yield suggested that body
weight should be included in selection program for

improved milk yield in Nili Ravi buffaloes.
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INTRODUCTION

Second highest buffalo populated country
in the world is Pakistan (Perisic et al., 2015) and
Nili Ravi breed is one of the most important
buffalo breeds in Pakistan which is an important
animal genetic resource (Khan et al, 2007).
Body weight is belived to be very important for
milk production standpoint. Various research

reports indicate that correlation exists between
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body weight and milk yield. Dhillod et al. (2017)
have mentioned phenotypic correlation in Murrah
buffaloes as positive but not very high. Similarly,
a positive genetic correlation of body weight with
milk yield in 305 days has been reported by Khan
(2009). Consdering live body weight as one of
the most important parameters, the present study
was planned. Main objectives of the study were
documentation of body weight in Nili Ravi breed
of buffaloes, to evaluate the consequence of certain
genetic and nongenetic factors affecting body
weight like herd, parity, lactation stage, season of
recording and buffalo’s age at the time of recording
on body weight. The second main objective
was estimation of genetic parameters including
heritability, genetic correlation, and phenotypic
correlation of body weight with milk yield in this
breed of buffalo.

MATERIALS AND METHODS

Five herds of Nili Ravi breed of buffaloes
maintained at government livestock farms and
experimental stations in Punjab at different
locations including Pattoki, Bhakkar, Hasil pur,
Khushab and some private buffalo farmers were
used in current study.

At all the

management practices were almost uniform.

stations, feeding and
Animals were being kept in open yards with pipe
fencing throughout the year. Proper covered space
was provided to save animals from harsh weather
conditions. Grazing was provided to all milking
buffalo herd for about 4 to 6 h per day on available
fodders in the morning after completion of milking
process keeping in view seasonal conditions.
Concentrate feeding was practiced daily

and 1 kg of concentrate mix was offered to each
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milking buffalo for every 3 kg milk mproduced.
Rock salt (Sodium Chloride) was provided in
feeding mangers free of choice for licking at all
the farms. Twice a day miking of buffaloes was
carried out early in the morning and evening with
almost equal interval. In order to facilitate proper
milk, let down, calves were not weaned and were
offered direct suckling from their dams as per
their daily allowance. Concentrate feeding was
done to stimulate milk let down if death of the calf

occurred during lactation period.

Data collection

Body weight was recorded for 3 years on
monthly basis from 2010 to 1012 using weighing
scale. Data regarding buffaloes and their pedigree
records up to all available generations, birth dates,
calving dates, parity, fertility status on recording
date, milk production on recording day as well as
305 days milk yield, length of lactation, preceding
dry period and age and weight at recording were

also collected for use during analysis.

Evaluation model

Heritabilities and correlations (Phenotypic
and genetic) were worked out by the use of
best

Environmental sources of variation loike age of

lincar unbiased prediction procedures.
buffaloes at recording, lactation stage, parity,
season of recording and effect of herd were added in
the model for evaluation. Patterson and Thompson
(1971) procedure of individual animal model was
applied under Restricted Maximum Likelihood
(REML) Procedure. Each year was devided in to
5 seasons as reported by Mirza et al. (2015). Fixed
effects added in the model were as under;

-Herd: 1to 5

- Recording season: 1 to 5

- Lactation No. 1 to 4 (first, second, third,



fourth and onward)

- Lactation stage 1 to 4 (early stage, mid,
late stage and dry)

Age of each buffalo on the day of recording

following general methametical model was used

Y, = H+S,+H +P 4T +b (a

bedef ) + b2 (a'bcclef)2 te
(Model 1)

bedef: bedef

Where:

Y, .- The record of f buffalo at e™ stage
of lactation during d™" parity of ¢ herd in b season

u: The overall population mean

S,: The effect of b™ season

H_: The effect due to ¢™ herd

P : The effect due to d™ parity

T : The effect due to e stage of lactation

a .

veaerr The age of buffalo at recordind time

b and b: The linear and quadratic
regression coefficient of age at recording time

e, .. The random error pertaining to

bedef”
observation on f'" buffalo at e™ lactation stage in d™

lactation number of ¢ herd in b season

Statistical (SAS,

2011) program was used applying mixed model

Analysis  System
procedure for data analysis. Various fixed effects
which were found as significant source of variation
from preliminary analysis were only incorporated
in 2™ model to estimate variance components
instead of using all fixed effects and then genetic

parameters were estimated accordingly.

Genetic parameters stimation

ASREML set of computer program was
used for estimation of genetic parameters applying
Individual Animal Mode procedure. Heritability
estimate for body weight was computed using
following statistical model:
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Y, ,~ut+tF+A+P +e  (Second Model)
Where,

Y,..; Body weight of each buffalo

w: Population mean

F,: Fixed
significant from early analyses

effects which were found

A_: Random additive effect of ¢ animal
with mean zero and variance 6*,

P,: Random permanent effect of ¢ animal
with mean zero and variance 6*,

€,... Random error with mean zero and

variance 6°,

Following formula was used to calculate

heritability:
Heritability (h*) =6, /6%,

Bivariate analysis was carried out for the
estimation of genetic and phenotypic correlation
of body weight with performance traits. Fixed
effects used for bivariate analysis were the same
as incorprated in univariate analysis (Model 1).
ASREML (Gilmour, 2009) software was used for

all these analyses.

RESULTS AND DISCUSSIONS

Herds of Nili breed buffaloes
maintaind at government Livestock farms located
at Pattoki, Hasil pur, Khushab, Bhakkar and some

private farms were used in the present study. Data

Ravi

structure pertaining to various environmental
factors is presented in Table 1 as given below.

Effect of environmental factors on body weight
Table 2 represents level of significance

and F-value for body weight. It was seen that herd,
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lactation stage, lactation number and season of
recording were significant source of variation for
body weight. Effect of age on body weight (both
linear and quadratic) revealed that age at recording
day was found as a significant source of variation
for live body weight.

Body weight was significantly affected by
all the factors included in the present investigation.
Lin et al. (1983); Khan (2009) have documented
significant herd effect on body weight in dairy
breeds. Shankar and Mandal (2010) have reported
significanteffect of parity on body weightin Murrah,
Diara and non-descript buffaloes. Karacaoren and
Kadarmideen (2008); Blottner ef al. (2011) have
also reported this effect as significant in Swiss dairy
cows and Holstein cows, respectively. Significant
effect of lactation stage on body weight was
described in Sahiwal cows (Khan, 2009). Effect of
season on body weight was reported significant by
Karacaoren and Kadarmideen (2008); Blottner et
al. (2011). Lin et al. (1983); Islam et al. (2010) have
reported significant effect of age on body weight
in Holstein and Aayrshire line and in Swamp
buffaloes, respectively. All these reports match
with the results of this study. Contrary to these
findings, Shankar and Mandal (2010) in Murrah,
Diara and non-descript buffaloes and Khan (2009)
in Sahiwal cows reported non-significant herd,
stage of lactation and age effect body weight.

Least squares mean for body weight was
found as 523.13+81.63 with a coefficient of variation
of 15.60 (%). Body weight of Nili Ravi buffaloes
in different herds, stages of lactation, parities and
seasons have been presented in Tables 3, 4, 5, and
Table 6, respectively.

The findings of current study are higher
than the values reported by Cockrill (1974); Khan
(2009a) in Nili Ravi buffaloes as 450 kg and 454
kg, respectively. Tariq et al. (2013) has reported
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body weight in 2 groups of Nili Ravi buffaloes as
448.4+100.6 kg and 529.5+67.5 kg for buffaloes with
age ranging from 3 to 8 years and more than 8 years
respectively. Other important reports included as
446.05+45.06 kg (Djaja, 2011) and 403.35+£59.06
kg (Harun- Or-Rashid et al. 2019) in Murrah
buffaloes, as 508.972+3.36 and 461.789+3.32 kg
in graded Murrah and Diara buffaloes (Shankar
and Mandal, 2010) and as 295.4+4.7 kg in Iranian
buffaloes (Dezfuli et al., 2010).

Some of the workers have reported higher
values than the findings of current study in different
other breeds. These reports included 550 kg by
Cockrill (1974) in Surti buffaloes, 573.68 kg by Al
Jamass (1999) in Iraqi buffaloes, 725.08+104.5 kg
by Negretti ez al. (2008) in Mediterranean buffaloes
and 550 kg by Hysen et al. (2019) in Mediterranean
buffaloes and 556.11+4.91 kg by Dhillod et al.
(2017) in Murrah buffaloes. All of the above lower
and higher values differ from the results of current
study. This might be due to herd, breed, year,
age and other environmental and managemental

differences.

Heritability estimates of body weight

Number of records generated in 3 years
on 380 milking Nili Ravi buffaloes were 839. Data
files in exel sheets for body weight and pedigree
records were arranged and data were analysed
using ASREML computer program (Gilmour,
2009). Five available generations of pedigrees
showed that there were 281 buffaloes which were
found the daughters of 78 sires and 281 dams.
Quantity of base animals without pedigree records
were 99. Results from univariate analysis of body
weight indicated that heritability estimate for body
weight was 0.33£0.07. Almost similar findings
by Brum and Ludwick (1969) as 0.38+0.07 and
Abreu Silva et al. (2018) as 0.34+0.01 have been



reported. Contrary to these findings, Khan (2009)
and Vallimont ef al. (2010) have reported very
high heritability estimates for body weight as
0.60£0.08 and 0.82+0.02, respectively. Manoj et
al. (2014) reported heritability estimate in Sahiwal
cows as 0.19 £0.10, Akhtar et al. (2012) reported
heritability estimate of body weight as 0.23+0.17
in Nili Ravi breed buffaloe heifers of age 3 years.
Abu El-Naser (2019) reported heritability estimate
of body weight in Egyptian buffaloes at the age of
first calving as 0.27. Pandya et al. (2015) reported
heritability estimate of body weight in Surti
buffaloes as 0.144+0.096.

Phenotypic and genetic correlation of body
weight to milk yield

Analysis (bivariate) was carried out to
estimate phenotypic and genetic correlations of
body weight to milk yield by the use of ASREML
computer program (Gilmour, 2009). Fixed factors
in this analysis were the same as accounted for in
the univariate analysis. These correlations of body
weight with milk yield in Nili Ravi buffaloes have
been presented in Table 7. Phenotypic correlations
of 305 days milk yield and milk yield on recording
day with body weight were positive but low in
magnitude.

Phenotypic correlation of recording day
milk yield with body weight as 0.09+0.05 and 305
days milk yield with body weight as 0.07+0.03 has
been found in current study. Parke et al. (1999)
has described phenotypic correlation between
body weight and milk yield as 0.04. Khan (2009)
reported relatively stronger phenotypic correlation
between body weight and milk yield in 305 days
as 0.13+£0.06 in cows of Sahiwal breed. Dhillod et
al. (2017) have mentioned phenotypic correlation
in Murrah buffaloes as 0.26.

Positive genetic correlation of body
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weight with milk yield in 305 days and recording
day milk yield was found as 0.16£0.01 and
0.20£0.00, respectively. Genetic correlation of
body weight with recording day milk yield and
milk yield in 305 days was detected as 0.20+0.00
and 0.16+£0.007, respectively. Parke et al. (1999)
has presented genetic correlation between body
weight and milk yield as 0.10 in Holstein cows.
Khan (2009) has estimated slightly higher genetic
correlation between body weight and 305-days
milk production as 0.26+0.00. A moderate genetic
correlation between body weight and milk yield
suggested that this relationship is important and
body weight can be included in selection program

for improved milk yield in Nili Ravi buffaloes.

CONCLUSIONS

Relatively higherbody weight was observed
in the current study as compared to other available
reports for Nili Ravi buffaloes. This higher body
weight might be due to relatively better supply of
feed and fodder during current study period. There
were more buffaloes pertaining to 3™ and latter
parities in number than younger buffaloes. All the
factors studied in the current investigation affected
body weight. A reasonable high heritability
suggested that this trait can be improved through
selection and breeding. Positive genetic correlation
between body weight and milk yield indicated that
body weght should be used for indirect selection of

Nili Ravi buffaloes for improved milk yield.
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Table 1. Data structure and distribution of records for live weight in Nili Ravi buffaloes.

Effect Levels Description Number of records
Herd 1 Bhunikey 200
2 Chack Katora 281
3 Khushab 157
4 Rakh Ghulaman 154
5 Private 46
Stage of lactation 1 Up to 90 days 203
2 91-180 days 313
3 181 and above 237
4 Dry 74
Parity 1 First parity 119
2 Second parity 118
3 Third parity 172
4 Forth and later parities 414
Season of scoring 1 July to September (humid hot) 115
2 October and November (Autumn) 169
3 December and January (Winter) 186
4 February to April (spring) 235
5 May and June (hot dry) 134
Table 2 Level of significance and F-value for body weight in Nili Ravi buffaloes.
Effect Num DF F-Value Pr>F
Herd 4 97.45 <0.0001
Stage 3 4.22 0.0057
Parity 3 11.27 <0.0001
Season of recording 4 6.37 <0.0001

Highly significant = P<0.0001, Significant = P<0.005
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Table 3. Live weight of Nili Ravi buffaloes in different herds.

Herd N Mean Std Min Max StdErr Cv Range
1 200 606.80* | 68.80 285.00 | 750.00 4.86 11.34 465.00
2 281 490.34°> | 58.98 370.00 | 700.00 3.52 12.03 330.00
3 157 516.4° 66.11 380.00 | 720.00 5.28 12.80 340.00
4 154 464.14° | 48.99 350.00 | 575.00 3.95 10.56 225.00
5 46 582.93* | 65.46 448.00 | 770.00 9.65 11.23 322.00
All 839 523.13 81.63 285.00 | 770.00 2.82 15.60 485.00
Means with different superscripts differed significantly (P<0.05).
Table 4. Live weight of Nili Ravi buffaloes in different stages of lactation.
Stage N Mean Std Min Max StdErr Cv Range
1 203 520.06* | 82.66 365.00 | 770.00 5.80 15.89 405.00
2 313 520.21* | 83.75 285.00 | 735.00 4.73 16.10 450.00
3 237 527.93> | 78.88 367.00 | 750.00 5.12 14.94 383.00
4 74 516.85* | 73.88 358.00 | 720.00 8.59 14.29 362.00
Overall 827 522.08 81.21 285.00 | 770.00 2.82 15.56 485.00
Means with different superscripts differed significantly (P<0.05).
Table 5. Live weight of Nili Ravi buffaloes in different parities.
Parity N Mean Std Min Max StdErr CvV Range
1 119 | 468.55* | 69.81 | 350.00 | 655.00 6.40 14.90 305.00
2 118 | 464.09* | 49.76 | 380.00 | 630.00 4.58 10.72 250.00
3 172 | 521.95* | 69.88 | 370.00 | 770.00 5.33 13.39 400.00
4 414 | 555.15¢ | 77.60 | 285.00 | 750.00 3.81 13.98 465.00
Overall | 823 | 522.64 | 80.88 | 285.00 | 770.00 2.82 15.48 485.00

Means with different superscripts differed significantly (P<0.05).
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Table 6. Live weight of Nili Ravi buffaloes in different seasons.

Season N Mean Std Min Max StdErr Cv Range
1 115 | 561.70* | 84.67 | 400.00 | 735.00 7.90 15.07 335.00
2 169 | 534.33> | 88.01 285.00 | 750.00 6.77 16.47 465.00
3 186 | 505.17¢ | 84.45 350.00 | 715.00 6.19 16.72 365.00
4 235 | 521.25° | 74.44 | 365.00 | 770.00 4.86 14.28 405.00
5 134 | 504.16¢ | 64.20 | 358.00 | 690.00 5.55 12.73 332.00
Overall 839 | 523.13 81.63 | 285.00 | 770.00 2.82 15.60 485.00

Means with different superscripts differed significantly (P<0.05).

Table 7. Genetic and phenotypic correlations of body weight with milk yield in Nili Ravi buffaloes.

Trait Phenotypic correlations Genetic correlations
305 days milk yield 0.071+0.034 0.16+£0.007
Recording day milk yield 0.090+0.053 0.20+0.000

Govt. of Punjab and buffalo breeder association to Akhtar, P., U. Kalsoom, S. Ali, M. Yaqoob, K. Javed,

perform this study is highly appreciated.

REFERENCES

Abreu Silva, B.C., J.P. Elera, M.L. Santana Jr.,

M.E. Babar, M.I. Mustafa and J.I. Sultan.
2012. Genetic and phenotypic parameters
for growth traits of Nili-Ravi buffalo heifers
in Pakistan. J. Anim. Plant Sci., 22(Suppl.3):
347-352. Available on: http://www.thejaps.
org.pk/docs/Supplementary/03/046.pdf

E.C. Mattosa, I.LR. Menezesa and J.B.S. AL-Jamass, R. K.A. 1999. Determination of some

Ferraza. 2018. Genetic association between
mature weight and early growth and

heifer pregnancy traits in Nellore cattle.

featural and production traits on Iraqi water
buffaloes in Badosh. Buffalo Newsletter, 12:
12-13.

Livest. Sci., 211: 61-65. DOI: 10.1016/j. Blottner, S., B.J. Heins, M. Wensch-dorendorf,

livsci.2018.03.003

Abu El-Naser, IAM. 2019. Assessment of genetic
relationships between growth traits and
milk yield in Egyptian buffaloes. Indonesian
Journal of Animal and Veterinary Science,
24(4):  143-150. DOI:  10.14334/jitv.

v24i4.2034 Brum,

34

L.B. Hansen and H.H. Swalve. 2011. Brown
Swiss X Holstein crossbreds compared
with pure Holsteins for calving traits, body
weight, backfat thickness, fertility, and
body measurements. J. Dairy Sci., 94(2):
1058-1068. DOI: 10.3168/jds.2010-3305

E.W. and T.M. Ludwick. 1969. Heritabilities



of certain immature and mature body
measurements and their correlations with
first-lactation production of Holstein cows.
J. Dairy Sci., 52(3): 352-358. DOI: 10.3168/
jds.S0022-0302(69)86560-4

Cockrill, W.R. 1974. The Husbandry and Health of
the Domestic Buffalo, Food and Agriculture
Organization, Rome, Italy.

Dezfuli, B.T., M. Babaee, M.R. Mashayekhi and
S.S. Sofia. 2010. Prediction of live-weight
from linear body measurements in Iranian
buffaloes. Advances in Animal Biosciences,
1(1): 277. DOI: 10.1017/S2040470010004206

Dhillod, S., D. Kar, C.S. Patil, S. Sahu and N.

Singh. 2017. Study of the dairy characters

of lactating Murrah buffaloes on the basis of

body parts measurements, Ver. World, 10(1):

17-21. DOI: 10.14202/vetworld.2017.17-21

W. 2011. An

characterstics of body length, withers

Djaja, introduction study on
height, and body weight of Murrah female
buffalo in Deli
bengali county, North Sumatra province.
Lucraristiintifice, 55: 213-216.

Gilmour, A.R., B.J. Gujel, B.R. Cullis and R.
Thompson. 2009. ASReml User Guide
Release 3.0, VSN International Ltd., Hemel
Hempstead, UK.

Harun-Or-Rashid, M., A.K. Sarkar, M.M.L
Hasan, M. Hasan and N.S. Juyena. 2019.

and

Serdang and Serdang

Productive, reproductive, estrus
characteristics of different breeds of buffalo
cows in Bangladesh. Journal of Advanced
Veterinary and Animal Research, 6(4): 553-
560. DOI: 10.5455/javar.2019.f382

Hysen, B., M. Skender, J. Ardita and A. Sali.
2019. Buftalo population (Bubalus bubalis)
characteristics in Kosovo. [International

Scholars Journals, 6(1): 1-6. Available on:

Buffalo Bulletin (January-March 2023) Vol.42 No.1

35

https://www.internationalscholarsjournals.
com/articles/bubalus-bubalis-buffalo-
population--characteristics-in-kosovo.pdf

Islam, S., A.K. Gogoi, J.K. Saikia and N.N.
Deka. 2010. A study on some of the body
measurements of swamp type buffaloes of
Assam (Part 1). North-East Veterinarian,
10: 23-26.

Karacaoren, B. and H.N. Kadarmideen. 2008.
Principal component and clustering analysis
of functional traits in Swiss dairy cattle.
Turk. J. Vet. Anim. Sci., 32(3): 163-171.

Khan, M.A. 2009. Characterization of Sahiwal
cattle for linear type traits. Ph.D. Thesis,
University of Agriculture, Faisalabad,
Pakistan.

Khan, M.A. 2009a. Buffalo the Animal of Future,
1%t ed. Idara Matbuaat-e-Sulemania, Lahore,
Pakistan.

Khan, M.S., A. Nazir and M.A. Khan. 2007.
Genetic resources and diversity in dairy
buffaloes of Pakistan. Pak. Vet. J., 27(4):
201-207. Available on: http://www.pvj.com.
pk/pdf-files/27 4/201-207.pdf

Lin, C.Y., T.R. Batra, A.J. Mcallister, J.P.F. Darisse,
A.J. Lee, G.L. Roy, J.A. Vesely and K.A.
Winter.

groups in body measurements and body

1983. Differences between sire

weight changes of lactating cows. Can. J.
Anim. Sci., 63: 27-37. Available on: https://
cdnsciencepub.com/doi/pdf/10.4141/
cjas83-004

Manoj, M., R.S. Gandhi, T.V. Raja, V. Archana, S.
Avtar, G.K. Sachdeva and K. Amit. 2014.
Genetic parameters of body weights at
different ages in Sahiwal heifers. Indian J.
Anim. Res., 48(3): 217-220. DOI: 10.5958/
j-0976-0555.48.3.046

Mirza, R.H., K. Javed, A. Magsood, R. Mubashar,



Buffalo Bulletin (January-March 2023) Vol.42 No.1

M.A. Khan, M.A. Tipu and S.M. Raihan-
Dilshad. 2015. Environmental factors
affecting linear classification of top line
and feet and leg traits in Nili Ravi buffaloes
of Pakistan. Journal of Agricultural
Engineering and Biotechnology, 3(3): 84-
91. DOI: 10.18005/JAEB0303001

Negretti, P., G. Bianconi, S. Bartocci, S. Terramoccia
and M. Verna. 2008. Determination of live
weight and body condition score in lactating
Mediterranean buffalo by visual image
analysis. Livest. Sci., 113(1): 1-7. DOL:
10.1016/j.1ivsci.2007.05.018

Pandya, G.M., C.G. Joshi, D.N. Rank, V.B. Kharadi,
B.P. Bramkshtri, P.H. Vataliya, P.M. Desai
and J.V. Solanki. 2015. Genetic analysis of
body weight traits of Surti buffalo. Buffalo
Bull., 34(2): 189-195. Available on: https://
kukrdb.lib.ku.ac.th/journal/BuffaloBulletin/
search_detail/result/310295

Parke, P.J.R., B.W. Kennedy, J.C.M. Dekkers, R.K.
Moore and L. Jairath. 1999. Genetic and
phenotypic parameter estimates between
production, feed intake, feed -efficiency,
body weight and linear type traits in first
lactation Holsteins. Can. J. Anim. Sci.,
79(4): 425-431. DOI: 10.4141/A99-008

Patterson, H.D. and R. Thompson. 1971. Recovery
of inter-block information when block sizes
are unequal. Biometrika, 58(3): 545-554.
DOI: 10.1093/biomet/58.3.545

Perisic, P., V. Bogdanovic, C. Mekic, D. Ruzic-
Muslic, D. Stanojevic, M. Popovac and S.
Stepic. 2015. The importance of buffalo
in milk production and buffalo population
in Serbia. Biotechnology in Animal
Husbandry, 31(2): 255-263. DOI: 10.2298/
BAH1502255P

SAS. 2011. Procedure User s Guide, Release 9.3.

36

SAS Institute, Carry, North Carolina, USA.

Shankar, S. and K.G. Mandal. 2010. Genetic and

non-genetic factors affecting body weight
of buffaloes. Vet. World, 3(5): 227-229.
Available on: http://www.veterinaryworld.
org/Vol.3/May/Genetic%20and%20Non-
Genetic%20factors%20affecting%20
body%20weight%200f%20buffaloes.pdf

Tariq, M., M. Younas, A.B. Khan and E. Schlecht.

2013. Body measurements and body
condition scoring as basis for estimation of
live weight in Nili-Ravi buffaloes. Pak. Vet.
J., 33(3): 325-329. Available on: http://pvj.
com.pk/pdf-files/33 3/325-329.pdf

Vallimont, J.E., C.D. Dechow, J.M. Daubert, M.W.

Dekleva, J.W. Blum, C.M. Barileb, W.
Liu, G.A. Varga, A.J. Heinrichs and C.R.
Baumrucker. 2010. Genetic parameters of
feed intake, production, body weight, body
condition score, and selected type traits of
Holstein cows in commercial tie-stall barns.
J. Dairy Sci., 93(10): 4892-4901. DOI:
10.3168/jds.2010-3189



