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The data on first lactation and lifetime performance records of 501 Nili-Ravi were
collected for a period from 1983 to 2017 (35 years) maintained at ICAR-Central Institute
for Research on Buffaloes, Sub-Campus, Nabha, Punjab. The data were analyzed to
calculate heritability, genetic and phenotypic correlation for first lactation traits, viz., Age
at First Calving (AFC), First Lactation Total Milk Yield (FLTMY), First Lactation Standard
(805 days or less) Milk Yield (FLSMY), First Peak Milk Yield (FPY), First Lactation Length
(FLL), First Dry Period (FDP), First Service Period (FSP) and First Calving Interval (FCI),
Herd Life (HL), Productive Life (PL), Productive Days (PD), Unproductive Days (UD),
Breeding Efficiency (BE), Total Lifetime Milk Yield (Total LTMY), Standard Lifetime Milk
Yield (Standard LTMY), Milk Yield Per Day of Productive Life (MY/PL), Milk Yield Per Day
of Productive Days (MY/PD), and Milk Yield Per Day of Herd Life (MY/HL). For estimation
of variance component and heritability separately for each trait, the uni-trait animal
model was equipped, whereas to estimate genetic and phenotypic correlations between
traits, bi-trait animal models were fitted. The estimates of heritability for production
and reproduction traits of Nili-Ravi were medium, i.e., 0.365 + 0.087, 0.353 4+ 0.071,
0.318 4+ 0.082, 0.354 + 0.076, and 0.362 + 0.086 for FLSMY, FDP, FSP, FCI, and
AFC, respectively. The estimates of heritability were low, i.e., 0.062 4+ 0.088, 0.123 +
0.090, 0.158 + 0.090, 0.155 + 0.091, and 0.129 + 0.091 for HL, PL, PD, Total LTMY,
and Standard LTMY and high, i.e., 0.669 + 0.096 for BE. Genetic correlation for FLTMY
was high with FLL (0.710 + 0.103), and genetic correlation of FLTMY was high and
positive with HL, Total LTMY, MY/PL, and MY/PD while low and positive with PL. Genetic
correlation of AFC was low and negative with PL, PD, UD, BE, Total LTMY, Standard
LTMY, MY/PL, and MY/PD and negative with MY/HL. Significant positive phenotypic
association of FPY was seen with FLTMY, FLSMY, FLL, AFC, HL, Total LTMY, and
Standard LTMY. Higher heritability of first lactation traits especially FPY suggests sufficient
additive genetic variability, which can be exploited under selection and breeding policy in
order to improve overall performance of Nili-Ravi buffaloes.
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INTRODUCTION

India is ranked first in the world with 176.3 million tons of milk
production, and most of the production (49%) was contributed
by buffaloes. The per capita availability of milk up to 375 g/day
was achieved in recent time (1). Buffaloes are present almost
in all parts of the country with varying population density,
the majority being concentrated in the North and Western
parts. Nili-Ravi, a buffalo breed, is found in the state of Punjab
and largely distributed in the belt of Ravi River, having its
concentration in Amritsar, Tarn Taran, and Ferozepur districts
(2). Lifetime performance of animal especially depends on
different production and reproduction traits of earlier lactations,
which determine genetic worth of the buffaloes. Hence, the
lifetime traits can be improved by the selection of animals
on the basis of traits of earlier lactations through correlated
response. Assessment of genetic progress attained by the selection
programs gives an idea about advantages of breeding program
and to incorporate required adjustments.

The traits having high heritability can be efficiently improved
through appropriate selective breeding. The heritability provides
an opportunity to forecast the outcome of breeding strategy.
High heritability observed for the First Lactation Total Milk
Yield (FLTMY) and First Lactation Standard (305 days or less)
Milk Yield (FLSMY) in Nili-Ravi (3) indicates that there is
enough scope of the traits to respond in the next generation.
Reduction in Age at First Calving (AFC) is associated with
improvement in the lifetime milk yield, herd life, productive
life, and productive days in buffaloes (4). For economizing milk
production, it is desirable to decrease AFC (5). Early first calving
of animals would result in longer productive life (6). Thus,
dairymen have a considerable concern in the relationship of
different production and reproduction parameters with lifetime
traits. Framing for profitable selection and breeding systems
requires knowledge of genetic and phenotypic parameters of
early and lifetime performance traits to enhance genetic potential
of buffaloes. Information regarding genetic and phenotypic
relationship between first lactation and lifetime traits in Nili-Ravi
buffaloes is scarce. Therefore, the present study was designed to
evaluate heritability, genetic and phenotypic correlation for first
lactation and lifetime performance traits in Nili-Ravi buffaloes.

MATERIALS AND METHODS

Study Location, Collection of Data, and Its

Classification

The present study was carried out on the performance records
of Nili-Ravi buffaloes (n = 501) maintained at ICAR-Central
Institute for Research on Buffaloes, Sub-Campus, Nabha, Punjab.
The data on first lactation and lifetime performance records
of study animals that remained in the herd for at least three
lactations and disposed were collected from the history sheet
of animal for a period from 1983 to 2017. The data for all
the buffaloes born and calved at the farms were recorded up
to the date of death/culling. The animals having minimum
lactation length >150 days and production >1,000kg for first

lactation were considered. Incomplete and abnormal records due
to abortion, stillbirth, chronic illness, etc., were excluded.

Traits analyzed in our study were first lactation traits, viz.,
AFC in months, FLTMY in kg, FLSMY in kg, First Peak Milk
Yield (FPY) in kg/day, First Lactation Length (FLL) in days, First
Dry Period (FDP) in days, First Service Period (FSP) in days,
First Calving Interval (FCI) in days, Lifetime performance traits
such as Herd Life (HL) in days, Productive Life (PL) in days,
Productive Days (PD) in days, Unproductive Days (UD) in days,
Breeding Efficiency (BE) in %, Total Lifetime Milk Yield (Total
LTMY) in kg, Standard Lifetime Milk Yield (Standard LTMY) in
kg, Milk Yield Per Day of Productive Life (MY/PL) in kg/day,
Milk Yield Per Day of Productive Days (MY/PD) in kg/day, and
Milk Yield Per Day of Herd Life (MY/HL) in kg/day.

The herd life was considered the duration from birth to
disposal of animal. Productive life was defined as total days
from date of first calving to date of last dry or date of disposal
if animal is in lactation. Productive days were the sum of the
number of days in milk in different lactations in the same herd.
Unproductive days were the sum of dry periods in different
lactations in the same herd. Lifetime milk yield was defined as
total amount of milk produced by a buffalo from the initiation
of first lactation until last day in milk in the herd. It was taken
for those animals that remained in the herd for at least three
lactations. Milk yield per day of productive life was measured
as lifetime milk yield divided by the productive life. Milk yield
per day of productive days was measured as lifetime milk yield
divided by the productive days. Milk yield per day of herd life
was measured as lifetime milk yield divided by herd life (7, 8).

Statistical Analysis

The data were analyzed to calculate heritability, genetic and
phenotypic correlation for first lactation, and lifetime traits.
Data were initially analyzed by least squares analysis model
(SPSS Statistics 20.0 software) to identify the significant fixed
effects. The least squares model for AFC included season of
birth (Level 4) and period of birth (Level 6) as fixed effects.
Fixed effects for first lactation and lifetime traits were AFC
(Level 6), season of first calving (Level 4), and Period of first
calving (Level 6). Lactation completed (Level 5) was also included
along with other fixed effects for lifetime traits. The statistical
significance was tested at 5% and 1% level. Only significant
effects under least squares analysis for each trait were included
under univariate animal model for estimating heritability and
associations between AFC, first lactation traits, and lifetime
productivity (9, 10).

The estimates of variance components and genetic
parameters were obtained via Average Information-Restricted
Maximum Likelihood (REML) using Wombat software
(11). The convergence was assumed if the difference in log
likelihood function between consecutive iterations was lower
than 5 x 1074,

The univariate animal model consisting of significant fixed
effects and random animal effects was used in this study
as follows:

y=XB+Zu+te
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where y is the vector of records for different traits (FLTMY, Total
LTMY, etc.)

X is the incidence matrices assigning observations to
fixed effects

B is the vector of fixed effects

Z is the incidence matrices assigning observations to
random effects

u is the vector of random animal effects

e is the vector of random residual effects (error) distributed
normally with mean zero and variance o2

Furthermore, bivariate analysis was performed between each
pair of the first lactation and lifetime traits to estimate the genetic
and phenotypic correlations (12). The significance of phenotypic
correlation was tested using “¢-test” at 5 or 1% level.

RESULTS

Heritability Estimates for First Lactation

Production and Reproduction Traits
Heritability estimates are helpful for the prediction of genetic
response and accuracy in selection (5). The estimates of
heritability for production and reproduction (Table 1) traits of
Nili-Ravi were medium for FLSMY (0.365 = 0.087), FDP (0.353
+ 0.071), FSP (0.318 + 0.082), FCI (0.354 + 0.076), and AFC
(0.362 + 0.086); moderate for FLTMY (0.439 4 0.091) and FLL
(0.546 =+ 0.065); and high for FPY (0.640 £ 0.112).

Heritability Estimates for Lifetime

Performance Traits

The heritability estimates for lifetime performance traits of Nili-
Ravi are presented in Table 2. In Nili-Ravi, the estimates of
heritability were low for HL (0.062 =+ 0.088), PL (0.123 % 0.090),
PD (0.158 4 0.090), Total LTMY (0.155 = 0.091), and Standard
LTMY (0.129 % 0.091); medium (0.2-0.4) for UD (0.228 £
0.089), MY/PL (0.354 £ 0.094), MY/PD (0.231 + 0.086), and
MY/HL (0.26140.089); and high for BE (0.669 & 0.096).

Estimates of Genetic Correlation for First

Lactation Performance Traits
Estimates of genetic correlation among production and
reproduction traits in Nili-Ravi are presented in Table 1. High
and positive correlation for FLTMY with FLL (0.710 % 0.103),
medium and positive with FPY (0.361 =+ 0.153), and moderate
and positive with FLSMY (0.421 £ 0.149) was observed. Genetic
correlation of FLSMY was medium and positive with FPY (0.562
+ 0.144) while low and positive with FLL (0.026 + 0.133).
The correlation between FPY and FLL (—0.309 & 0.150) was
medium and negative. Estimates of genetic correlation were low
and positive for AFC with FSP (0.065 £ 0.261), FCI (0.098 £
0.233), and FDP (0.091 = 0.230). Genetic correlation of FDP was
moderate and positive with FCI (0.536 & 0.128) and FSP (0.581
=+ 0.134). The correlation between FSP and FCI (0.963 = 0.020)
was high and positive.

The genetic correlation between first lactation production and
reproduction traits for Nili-Ravi is presented in Table 1. In Nili-
Ravi, estimates of genetic correlation (Table 1) were low and

TABLE 1 | Heritability (diagonal), genetic (above diagonal), and phenotypic (below diagonal) correlation among first lactation traits.

FCI (days)

FDP (days) FSP (days)

AFC (months)

FLTMY (kg) FLSMY (kg) FPY (kg/day) FLL (days)

Traits

0.319 +£0.198
0.445 +0.226
—0.356 +0.201
0.597 +0.116
0.098 +£0.233
0.536 +£0.128
0.963 +0.020
0.354 +0.076

0.359 +£0.218
0.483 +0.252
—0.215 £0.216

—0.377 +£0.185

0.164 +0.208
0.442 +0.227
0.201 +£0.193
0.022 +0.158
0.362 +0.086
0.023 +£0.038
0.009 +0.041
0.025 +0.039

0.710 +£0.108
0.026 +0.133
—0.309 +0.150

0.361 +0.153
0.562 +0.144
0.640 +0.112

0.421 +£0.149
0.365 +0.087

0.439 +0.091

FLTMY (kg)

0.491 +0.240
—0.089 +£0.182
—0.357 +£0.151

0.687 +0.026**

FLSMY (kg)

0.459 +0.040** 0.573 +0.035**

FPY (kg/day)
FLL (days)

0.512 £0.131
0.065 +0.261
0.581 £0.134
0.318 +0.082

0.546 +0.065
0.008 +0.036
—0.214 +£0.03*

0.108 +0.041*
0.107 +0.046*
—0.025 +£0.043
—0.042 +£0.046
—0.100 +0.044*

0.131 +0.035**

0.210 £0.041*
0.017 £0.038

0.564 +0.026**

0.091 £0.230
0.353 +0.071

0.142 +0.042**
—0.259 +£0.037**

AFC (months)
FDP (days)
FSP (days)
FCI days)

0.704 +0.021** 0.981 +0.003**

0.728 +£0.021**

0.488 +0.027**
0.543 +0.026"*

0.098 +£0.041*
0.110 +£0.039*

0.179 £0.041*
0.188 +0.039**

AFC, Age at First Calving; FLTMY, First Lactation Total Milk Yield; FLSMY, First Lactation Standard (305 days or less) Milk Yield; FPY, First Peak Milk Yield; FLL, First Lactation Length; FDR, First Dry Period; FSR, First Service Period; FCI,

First Calving Interval.
Bold values represent Heritability

Significant at *p < 0.05, **p < 0.01.
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TABLE 2 | Heritability (diagonal), genetic (above diagonal), and phenotypic (below diagonal) correlation among lifetime traits.

Traits HL (days) PL PD (days) ub BE (%) Total Standard MY/PL MY/PD MY/HL

(days) (days) LTMY LTMY (kg/day) (kg/day) (kg/day)
(kg) (kg)

HL 0.062 + 0.088 0.304 £ 0.197 0.611 £0.219 —0.439 £ 3.447 —0.229 + 0.471 0.750 £+ 0.239 0.529 + 0.261 0.529 + 0.504 0.298 + 0.403 0.483 £+ 0.332

(days)

PL 0.893 4+ 0.014** 0.123 + 0.090 0.887 + 0.103 0.562 + 0.217 —0.305 + 0.322 0.676 + 0.200 0.815 4+ 0.191 —0.3554+0.594 —0.384 + 0.906 0.578 + 0.251

(days)

PD 0.890 + 0.014**  0.969 £ 0.008** 0.158 + 0.090 0.117 £ 0.191 —0.126 4+ 0.284 0.868 4+ 0.130 0.867 £ 0.154  —0.005 4 53500 —0.233 £ 0.866 0.717 £ 0.195

(days)

ub 0.704 £ 0.026™  0.847 £0.018"  0.689 + 0.027** 0.228 + 0.089 —0.431 £ 0.215 —0.101 £ 2.241 0.202 £+ 0.249 —0.7565+£0.334 —0.409 + 0.471 —0.042 + 1.552

(days)

BE —0.046 + 0.044 —0.143 + 0.044* —0.066 4+ 0.044 —0.278 + 0.042**  0.669 + 0.096 0.063 + 0.279 0.059 + 0.278 0.272 £ 0.173 0.045 + 0.190 0.120 4+ 0.209

(%)

Total 0.865 4+ 0.017**  0.900 £ 0.015*  0.938 + 0.011**  0.621 £ 0.030** 0.041 £ 0.045 0.155 + 0.091 0.936 + 0.069 0.352 + 0.266 0.142 £ 0.216 0.788 4+ 0.131

LTMY

(ka)

Standard 0.844 +£0.018  0.903 £ 0.014*  0.923 + 0.013*  0.662 + 0.029** 0.080 + 0.044 0.985 + 0.005** 0.129 + 0.091 0.116 + 0.223 0.018 + 0.050 0.759 4+ 0.148

LTMY (kg)

MY/PL 0.295 + 0.041**  0.157 £ 0.044**  0.274 £ 0.041** —0.131 &£ 0.044** 0.242 £ 0.042**  0.477 £ 0.035"  0.440 £ 0.036™* 0.354 + 0.094 0.703 £ 0.129 0.207 £ 0.198

(kg/day)

MY/PD 0.393 +£ 0.037**  0.308 £ 0.039*  0.328 + 0.088**  0.199 + 0.041**  0.087 £+ 0.043*  0.554 £+ 0.030*  0.548 + 0.030**  0.638 £ 0.022** 0.231 £0.086 —0.019 4 68.352

(kg/day)

MY/HL 0.478 £ 0.031**  0.568 £+ 0.028*  0.629 4+ 0.024**  0.313 £ 0.038** 0.074 + 0.044 0.710 £0.017**  0.700 £ 0.018*  0.417 £ 0.082**  0.416 £ 0.030** 0.261 + 0.089

(kg/day)

Significant at *p < 0.05, **p < 0.01.

HL, Herd Life; PL, Productive Life; PD, Productive Days; UD, Unproductive Days; BE, Breeding Efficiency; Total LTMY, Total Lifetime Milk Yield; Standard LTMY, Standard Lifetime Milk Yield; MY/PL, Milk Yield Per Day of Productive Life;

MY/PD, Milk Yield Per Day of Productive Days; MY/HL, Milk Yield Per Day of Herd Life.
Bold values represent Heritability
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positive for FLTMY with AFC (0.164 &+ 0.208) and medium and
negative with FDP but positive with FSP and FCI. Moderate
and positive genetic correlation of FLSMY was noticed with
AFC, FDP, FSP, and FCIL. Genetic correlation of FPY was low
and negative with FDP and medium and positive with AFC but
negative with FSP and FCI. The genetic correlation of FLL was
low and positive with AFC, medium and negative with FDP, while
moderate and positive with FSP and FCI.

Genetic Correlation Among Lifetime Traits
In Nili-Ravi, estimates of genetic correlation (Table 2) of HL
was high and positive with PD and Total LTMY; moderate and
positive with Standard LTMY, MY/PL, and MY/HL but negative
with UD; medium and positive with MY/PD and PL and negative
with BE. Genetic correlation of PL was high and positive with PD,
Total LTMY, and Standard LTMY; moderate and positive with
UD and MY/HL; and medium and negative with BE, MY/PL,
and MY/PD. The correlation of PD was high and positive with
Total LTMY, Standard LTMY, and MY/HL; medium and negative
with MY/PD; low and positive with UD but negative with BE
and MY/PL. The correlation of UD was medium and positive
with Standard LTMY; low and negative with Total LTMY and
MY/HL; moderate and negative with BE and MY/PD; high and
negative with MY/PL. The genetic correlation of BE was low and
positive with Total LTMY, Standard LTMY, MY/PD, and MY/HL;
medium and positive with MY/PL. Table 2 elucidates that the
genetic correlation of Total LTMY was high and positive with
Standard LTMY (0.936 % 0.069) and MY/HL (0.788 £ 0.131);
medium and positive with MY/PL; low and positive with MY/PD.
The genetic correlation of Standard LTMY was low and positive
with MY/PL and MY/PD but high and positive with MY/HL. The
correlation of MY/PL was medium and positive with MY/HL but
high and positive with MY/PD. The genetic correlation between
MY/PD and MY/HL was low and negative.

Genetic Correlation Between First

Lactation Performance and Lifetime Traits
The genetic correlation estimates between first lactation
production and reproduction traits with lifetime traits of Nili-
Ravi are presented in Table 3. It can be inferred from Table 3 that
the genetic correlation of FLTMY was high and positive with HL,
Total LTMY, MY/PL, and MY/PD; moderate and positive with
Standard LTMY; medium and positive with PD and MY/HL.
Hence, selection for one trait simultaneously leads to genetic
gain in the other parameters, as the genetic correlation between
the traits is higher and positive.

But the correlation of FLTMY was medium and negative
with UD and BE while low and positive with PL. The FLSMY
was associated positively with HL, PL, PD, UD, Total LTMY,
Standard LTMY, MY/PL, and MY/PD but negatively with BE
and MY/HL. The genetic correlation of FPY showed that it was
low and positive with HL; low and negative with Total LTMY;
medium and negative with PL, PD, UD, Standard LTMY, and
MY/HL; medium and positive with BE; moderate and positive
with MY/PL; high and positive with MY/PD. The FLL was
correlated positively with HL, PL, PD, Total LTMY, Standard

TABLE 3 | Genetic correlation between first lactation and lifetime traits in Nili-Ravi buffaloes.

FLSMY (kg) FPY (kg/day) FLL (days) AFC (months) FDP (days) FSP (days) FCI (days)

FLTMY (kg)

Traits

0.425 +0.599
0.746 +£0.424
0.585 +0.364
0.556 +0.266
—0.761 £0.113
0.423 +0.370
0.498 +0.426
—0.328 +£0.223

0.382 +0.635
0.673 +0.444
0.480 +0.384
0.588 +0.290
—0.833 +£0.125

—0.383 +0.649

0.234 +£0.370
—0.137 +£0.348

0.748 +0.241
—0.645 +£0.133
—0.423 +0.359
—0.186 +£0.384
—0.653 +£0.192
—0.288 +0.263
—0.316 +£0.255

0.330 +£0.525
—0.108 +0.374
—0.024 +0.266
—0.188 +0.288
—0.114 +£0.178
—0.106 +0.361
—0.164 +0.400
—0.082 +£0.273

0.834 +£0.579
0.603 +0.336
0.777 +£0.291
—0.096 +0.207
—0.228 +£0.115
0.870 £0.316
0.727 +£0.350
0.258 +£0.167

0.074 +£0.382
—0.396 +0.419
—0.332 +£0.357
—0.258 +0.266

0.323 +0.578
0.083 +0.373
0.015 £0.178
0.151 +£0.322
—0.366 +0.184

0.887 +0.683
0.141 +£0.384
0.374 +0.334
—0.365 +£0.273
—0.228 +0.164

days)

HL

days)

PL

days)

PD
ub

BE

days)

%)
Total LTMY (kg)

0.244 +0.159
—0.047 +£1.370
—0.036 +1.002

—0.2156 £0.277
0.346 +£0.275

0.339 +0.396
0.416 +0.453
—0.304 +£0.243
—0.091 +0.287
0.210 +£0.296

0.036 +0.198 -0.182 +£0.314
0.684 +0.201 —0.261 +0.265

0.458 +£0.175
0.664 +0.195
—0.258 +0.290

0.099 +0.271
0.179 +£0.322
0.085 +£0.177
0.327 +0.227
—0.051 +£0.785

0.674 +£0.325
0.483 +0.359
0.653 +0.161
0.603 +0.209
0.363 +0.221

For abbreviations, refer to the legends of Tables 1, 2.

Standard LTMY (kg)
MY/PL (kg/day)
MY/PD (kg/day)
MY/HL (kg/day)
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LTMY, MY/HL, MY/PD, and MY/PL while negatively with UD
and BE.

Perusal of Table3 revealed that in Nili-Ravi, the genetic
correlation of AFC was low and negative with PL, PD, UD, BE,
Total LTMY, Standard LTMY, MY/PL, and MY/PD; medium and
positive with HL; medium and negative with MY/HL. The genetic
correlation of FDP was high and positive with UD; medium
and positive with PL while moderate and negative with Total
LTMY; high and negative with BE and MY/PL; low and negative
with PD and Standard LTMY; medium and negative with HL,
MY/PD, and MY/HL. The FSP was positively correlated with HL
PL PD, UD Total LTMY, Standard LTMY, and MY/HL, whereas
it was negative with MY/PL, MY/PD, and BE. The positive
association of FCI was found with HL, PL, PD, UD, Total LTMY,
Standard LTMY, and MY/HL whereas negative with BE, MY/PL,
and MY/PD.

Phenotypic Correlation for First Lactation

Performance Traits

It is apparent from Table1 that in Nili-Ravi, estimates of
phenotypic correlation was high and positive for FLTMY with
FLSMY (0.687 £ 0.026); moderate and positive with FPY (0.459
+ 0.040) and FLL (0.564 £ 0.026). The correlation of FLSMY
was highly significant (p < 0.01) and positive with FPY (0.573
4 0.035) and FLL (0.131 =+ 0.035). The association between
FPY and FLL was significant (p < 0.05) and positive. Estimates
of phenotypic correlation were low and positive for AFC with
FDP, FSP, and FCI. Phenotypic association of FDP was high and
positive with FCI (0.704 £ 0.021) and FSP (0.728 £ 0.021). The
correlation between FSP and FCI (0.981 £ 0.003) was also high
and positive.

Perusal of Table 1 indicates that in Nili-Ravi, estimates of
phenotypic correlation were highly significant (p < 0.01) and
positive for FLTMY with AFC, FSP, and FCI but highly significant
(p <0.01) and negative with FDP. The correlation of FLSMY was
significant (p < 0.05) and positive with AFC, FSP, and FCI but
non-significant (p > 0.05) with FDP. Phenotypic correlation of
FPY was significant (p < 0.05) and positive with AFC (0.107 £
0.046) but negative with FCI. The correlation of FLL was highly
significant (p < 0.01) and negative with FDP but positive with
FSP and FCI. No relationship between FLL and AFC was found.

Phenotypic Correlation Among Lifetime

Traits

It is obvious from Table2 that estimates of phenotypic
correlation in Nili-Ravi for HL were high and positive with
PL (0.893 £ 0.014), PD (0.890 £ 0.014), UD (0.704 £ 0.026),
Total LTMY (0.865 + 0.017), and Standard LTMY (0.844 =+
0.018); moderate and positive with MY/HL; medium and positive
with MY/PD and MY/PL whereas low and negative with BE.
The correlation of PL was high and positive with PD, UD,
Total LTMY, and Standard LTMY; moderate and positive with
MY/HL, medium and positive with MY/PD; low and positive
with MY/PL but low and negative with BE. Positive correlation
of PD was observed with UD, Total LTMY, Standard LTMY,
MY/HL, MY/PL, and MY/PD whereas negative with BE. The

association of UD was high and positive with Total LTMY
and Standard LTMY; medium and positive with MY/HL; low
and positive with MY/PD but low and negative with MY/PL;
moderate and negative with BE. Low and positive phenotypic
correlation of BE was observed with Total LTMY, Standard
LTMY, MY/PD, and MY/HL while medium and positive with
MY/PL. Table 2 represents that the correlation of Total LTMY
was high and positive with Standard LTMY and MY/HL;
moderate and positive with MY/PD and MY/PL. High and
positive phenotypic association of Standard LTMY was found
with MY/HL (0.700 & 0.018) but moderate and positive with
MY/PL and MY/PD. The correlation of MY/PL was high and
positive with MY/PD; moderate and positive with MY/HL.
Moderate and positive correlation was seen between MY/PD
and MY/HL.

Phenotypic Correlation Between First

Lactation Performance and Lifetime Traits
The phenotypic correlation estimates between first lactation
performance and lifetime traits are shown in Table 4 for Nili-
Ravi buffaloes. The phenotypic correlation between first lactation
production and lifetime traits in Nili-Ravi is presented in
Table 4. The association of FLTMY and FLSMY was significant
(p < 0.05) and positive with HL, PD, Total LTMY, Standard
LTMY, MY/PL, MY/PD, and MY/HL while negative with
UD and BE. The correlation of FPY was highly significant
(p < 0.01) and positive with Total LTMY (0.208 £ 0.046),
Standard LTMY (0.206 =+ 0.046), MY/PL, MY/PD, and MY/HL;
significant (p < 0.05) and positive with HL (0.113 4 0.047).
The FLL was associated positively with PL, PD, Total LTMY,
Standard LTMY, and MY/HL and negatively with UD, BE,
and MY/PD.

It is clear from Table4 that in Nili-Ravi, the phenotypic
correlation of AFC was positive with HL, MY/PL, and MY/PD
and negative with UD, BE, and MY/HL. The correlation of FDP
was highly significant (p < 0.01) and positive with PL and UD
but negative with BE, MY/HL, and MY/PL. The phenotypic
association of FSP was highly significant (p < 0.01) and positive
with PL, PD, and UD and negative with BE, MY/PL, and MY/PD.
The FCI was associated positively with HL, PL, PD, UD, Total
LTMY, Standard LTMY, and MY/HL and negatively with BE,
MY/PL, and MY/PD.

DISCUSSION

Moderate to high estimates of heritability for various traits show
sufficient additive genetic variance for the traits that could be
used for selection. In this study, higher estimates of heritability
for FPY indicate the extreme reliance of the trait upon the
growth rate and other structural traits that commonly have high
heritability. Hence, FPY should be given more weightage while
selection as the trait is highly heritable and responds in the
next generation, which simultaneously also leads to improvement
in the lifetime performance. In accordance with our findings,
Chaudhari (8) recorded medium heritability for FSP and FCI in
Nili-Ravi. Medium heritability for AFC was reported by Kumar
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—0.218 +0.040**
—0.161 +0.039**

—0.202 +0.041**
0.098 +0.040*

—0.120 £0.041**

—0.289 +0.036*
—0.070 +0.038
—0.097 +0.038*

0.052 +0.043
0.023 +0.042
—0.127 £0.041**

MY/PL (kg/day) 0.509 +0.034** 0.404 +0.036** 0.428 +0.042** 0.042 +0.037
—0.140 +0.036*

MY/PD (kg/day)
MY/HL (kg/day)

0.439 +0.034** 0.512 +0.038**

0.415 +0.036**

0.067 +0.041

0.248 +0.035*

0.118 +0.046**

0.272 +0.039**

0.316 +0.039**

Significant at *p < 0.05, **p < 0.01.

For abbreviations, refer to the legends of Tables 1, 2.

et al. (13) in Murrah, Singh and Yadav (14) in Nili-Ravi, and
Kumar et al. (15) in cattle. In contrast, high heritability was
observed for the FLTMY and FLSMY in Nili-Ravi (3). Also,
Chaudhari (8) reported low heritability for FLTMY, FLSMY, FLL,
and FDP; medium for FPY; and high for AFC in Nili-Ravi.
Higher estimates of heritability, i.e., 0.63 and 0.82, for AFC were
observed by Singh and Gurnani (16) in Karan Swiss and Karan
Fries cattle, respectively. While lower heritability for AFC was
estimated as 0.11 in Mehsana buffaloes by Parmar et al. (5) and
0.03 by Brzakova et al. (17) in Holstein Friesian. The reason
for higher heritability of first lactation traits in Nili-Ravi breed
under our investigation could be attributed to less inbreeding
and more genetic variation. Similar to our results, low heritability
for LTMY, PL, and HL was noticed by Bashir et al. (18) in Nili-
Ravi buffaloes. Singh et al. (19) also reported low heritability
for LTMY in Nili-Ravi. Contrary to our finding, heritability
estimated for Total LTMY, PL, and HL were medium while low
for UD in Nili-Ravi buffaloes (8). Ali et al. (4) also reported
medium heritability estimates of LTMY and HL while moderat
for PL.

Strong genetic correlation exists between these reproductive
traits; hence, any one of the traits can be used to evaluate
reproductive status. A highly positive association reveals the
increase in FSP; there is subsequent increment in FDP and FCI as
the gestation period and lactation length almost remain constant.
Similar to our results, the genetic correlation of FLTMY was
positive with FLSMY, FPY, and FLL in Nili-Ravi buffaloes (8).
Similarly, highly positive genetic correlation of FDP with FSP and
FCI was reported by Godara (20) in Murrah. Also, Chaudhari
(8) reported a positive genetic correlation of AFC with FLTMY,
FLSMY, FPY, FLL, FDP, FSP, and FCI; FDP with FSP and FCI. The
FLSMY had medium positive genetic correlation with FSP and
FCI. Sachdeva and Gurnani (21) also reported a positive genetic
correlation between FLTMY and FCI in dairy animals. However,
our results differ from the findings of Chaudhari (8) who revealed
a negative correlation of FLSMY with FDP, and Patil et al. (22)
noticed negative relationships of AFC with FSP, FLTMY, and FPY,
while AFC was positively correlated with FCI in Murrah.

Highly positive association of productive days with lifetime
milk yield confesses the traits are influenced by the same
genes. A high correlation among different traits indicates
concurrent progression of the traits through selection and genetic
improvement to enhance genetic potential and establish herd of
superior animals. In agreement to our findings, highly positive
genetic correlations among lifetime traits were reported by
Kaushik et al. (23) and Singh et al. (24) in Hariana and Karan
Swiss cattle, respectively. Ambhore et al. (25) observed genetic
correlations of Total LTMY with other lifetime traits, viz., HL
and PL as high and positive, whereas between Total LTMY and
BE was positive and low in cows. Chaudhari (8) also indicated a
positive genetic correlation for Total LTMY with HL and PL; PL
with HL and UD. On the contrary, UD with HL and Total LTMY
was high and positive in Nili-Ravi buffaloes.

AFC is one of the essential traits for bringing improvement
in milk production. It considerably affects the productive life
and lifetime milk production of an animal. Reduction in AFC is
desirable for reducing rearing cost of heifer and for economizing
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milk production (5). In agreement with our findings, Chaudhari
(8) reported that AFC had positive genetic correlations with HL
but negative correlation with UD; FLTMY had moderate to high
and positive genetic correlation with Total LTMY and PL. Low
and negative genetic correlation of FDP with Total LTMY and
HL but positive with UD was also seen. The genetic correlation
of FSP was positive with UD and HL and that of FCI was low
and positive with Total LTMY, PL, HL, and UD in Nili-Ravi
buffaloes. The results are also in line with findings of Ali et al.
(4) where significant (p < 0.05) and negative genetic correlation
of AFC with Total LTMY, PL, HL, and PD was noticed. Negative
and significant (p < 0.05) genetic correlation between AFC and
LTMY has also been reported by Lin and Allaire (26), Bhatia
(27), and Hussain (28). Contradictory to our results, Chaudhari
(8) reported AFC had low and positive genetic correlations with
Total LTMY and PL; low and negative genetic correlation of FDP
with PL; genetic correlation of FSP was low and negative with
Total LTMY and PL. Genetic correlations of FLTMY with Total
LTMY and FDP with BE were low in Murrah buffaloes while
high in Nili-Ravi, which may be attributed to variations in genetic
makeup of the two breeds.

Our results of positive phenotypic correlation of FLTMY
with FLSMY, FPY, and FLL agreed with Chaudhari (8). The
phenotypic correlation of FLSMY was high and significant (p <
0.05) with FPY and FLL. Similar findings were reported between
FLTMY and FLL by Singh and Raut (29) and for FLTMY and FLL
in dairy cattle by Samoilo (30). The negative association between
FLTMY and FDP could be due to an increase in lactation length
or vice versa. Likewise, Patil et al. (22) reported that phenotypic
correlation of AFC was significant (p < 0.05) and positive with
FPY; FSP was non-significantly (p > 0.05) negative with FPY;
FCI was highly significant (p < 0.01) and positive with FLTMY
but non-significantly (p > 0.05) negative with FPY. In contrast,
Dev et al. (31) observed positive phenotypic correlations of FPY
with other early performance traits, viz., FSP and FCI. Negative
phenotypic correlation of FLSMY with FDP was reported by
Chaudhari (8).

High correlation among different lifetime traits illustrates
that selection based on any one of these traits would lead to
a positive correlated response in other traits. In line with our
results, Chaudhari (8) noticed that the phenotypic correlation
of Total LTMY was highly significant (p < 0.01) with HL, PL,
and UD; and of PL was highly significant (p < 0.01) with HL
and UD. The association observed between UD and HL was
also highly significant (p < 0.01) in Nili-Ravi buffaloes. Our
results also agreed with that of Ambhore et al. (32), where
phenotypic correlations of Total LTMY with HL and PL were
positive and significant (p < 0.05) while with BE was positive and
non-significant (p > 0.05).

Chaudhari (8) in Nili-Ravi buffaloes reported that phenotypic
correlations of AFC were positive with HL; low and negative
with UD; FLTMY was positive with PL, HL, and Total LTMY;
FDP was low and negative with HL and Total LTMY. The
correlations of FSP with HL, PL, UD, and Total LTMY were
low and positive; and FCI was low and positive with HL, PL,
UD, and Total LTMY. Supportive findings are also reported by

Larson et al. (33), Dutt and Taneja (34), and Ali et al. (4) who
observed a negative phenotypic correlation between AFC and
Total LTMY. On the contrary, Chaudhari (8) found positive
phenotypic correlations of AFC with PL, UD, and Total LTMY;
negative correlations of FDP with PL and UD. Keeping in view
the results, the selection on lifetime performance is not practically
feasible due to long generation interval; it is desirable to select the
animals on the basis of performance of earlier lactations rather
than traits expressed later in life (8).

In conclusion, heritability estimates were high for FPY and
BE; moderate for FLTMY and FLL; medium for FLSMY, FDP,
FSP, FCI, AFC, and UD. Higher heritability of the traits indicates
sufficient additive genetic variance; hence, these traits should
be given more attention for selection and breeding strategies
to increase genetic gain in the herd. The genetic correlation
in Nili-Ravi for AFC was positive with HL and negative with
lifetime traits (PL, PD, UD, Total LTMY, Standard LTMY, and
BE). Positive genetic correlation for AFC with HL indicates that
a delay in first calving offered more time to these animals to
stay longer in the herd in unproductive stage until first calving,
which might increase herd life of the animals. Negative genetic
association of AFC with lifetime traits suggests an animal owner
or breeder to make efforts for the reduction of AFC up to
a certain extent by means of improved management systems
(breeding, feeding, reproduction and housing management, etc.)
to enhance production, reproduction, and lifetime performance
of the livestock population.

DATA AVAILABILITY STATEMENT

Data shall be made available as requested by the corresponding
authors, without undue reservation.

ETHICS STATEMENT

The study was reviewed and approved by the Institute Animal
Ethics Committee, ICAR-Central Institute for Research on
Buffaloes, Hisar, India.

AUTHOR CONTRIBUTIONS

PT contributed to the collection of data, data curation, and
drafting of the manuscript. AB contributed to the design
of the experiment. AC contributed to the collection of data
and curation. YB contributed to the statistical analysis. AJ
contributed to the interpretation of results and revision of the
manuscript. All authors contributed to the article and approved
the submitted version.

ACKNOWLEDGMENTS

The Authors thank the Director, ICAR-Central Institute for
Research on Buffaloes, for providing necessary support for this
research. The authors duly acknowledge the support of Officer
In-charge, ICAR-Central Institute for Research on Buffaloes,
Sub-Campus, Nabha, Punjab, during this study.

Frontiers in Veterinary Science | www.frontiersin.org

June 2021 | Volume 8 | Article 557468


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Tamboli et al.

Genetic Parameters of Traits in Buffaloes

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

. BAH and FS. Basic Animal Husbandry and Fisheries Statistics. Ministry

of Agricultural Department of Animal Husbandry, Dairying and Fisheries,
Krishi Bhawan, New Delhi, India (2018).

. Kathiravan P, Mishra BP, Kataria RS, Sadana DK, Ahlawat SPS. Buffalo

Genetic Resources of India, Nili-Ravi. ICAR-National Bureau of Animal
Genetic Resources, Karnal (Haryana), India (2007). Available online
at: https://nbagr.icar.gov.in/wp- content/uploads/2020/02/Nili- Ravi- Buffalo.
pdf (accessed September 20, 2019).

. Suhail SM, Qureshi MS, Khan S, Thsanullah Durrani FR. Inheritance of

economic traits of dairy buffaloes in Pakistan. Sarhad ] Agric. (2009) 25:87-
93. http://www.aup.edu.pk/sj_pdf/INHERITANCE%200F%20ECONOMIC
%20TRAITS%200F%20.pdf

. Ali A, Ahmad Z, Mohinddin G, Javed K. Genetic and phenotypic relationship

between age at first calving and some lifetime traits in Nili-Ravi buffaloes.
Pakistan ] Biol Sci. (1999) 1:211-3. doi: 10.3923/pjbs.1999.211213

. Parmar GA, Gupta JP, Chaudhari JD, Pandey DP, Prajapati BM, Sathwara RN,

et al. Study of genetic and non-genetic factors affecting age at first calving and
wet average in Mehsana buffaloes. Buff Bull. (2019) 38:11-7. https://kuojs.lib.
ku.ac.th/index.php/BufBu/article/view/1110

. Thiruvenkadan AK, Panneerselvam S, Rajendran R. Lifetime performance of

Murrah buffaloes hot and humid climate of Tamil Nadu, India. Buff Bull.
(2015) 34:92-9. doi: 10.18805/ijar5567

. Dev K. Genetic evaluation of early and lifetime performance traits of Murrah

buffaloes. M.Thesis VSc, Lala Lajpat Rai University of Veterinary and Animal
Sciences, Hisar, Haryana, India (2015).

. Chaudhari M. Genetic studies on production, fertility and longevity traits in

Murrah and Nili-Ravi buffaloes. Ph.Thesis D, Lala Lajpat Rai University of
Veterinary and Animal Sciences, Hisar, Haryana, India (2015).

. Gowane GR, Chopra A, Prince LLL, Paswan C, Arora AL. Estimates of

(co) variance components and genetic parameters for body weights and
first greasy fleece weight in Bharat Merino sheep. Animal. (2010) 4:425-
31. doi: 10.1017/S1751731109991157

Dorji ], Dhendup T, MacLeod IM. Phenotypic and genetic parameters for milk
yield in traditional Nublang cattle (“Bos indicus”) of Bhutan. Animal Genetic
Resour. (2015) 57:25-30. doi: 10.1017/52078633615000223

Meyer K. WOMBAT: a tool for mixed model analyses in quantitative genetics
by restricted maximum likelihood (REML). J Zhejiang Univ Sci B. (2007)
8:815-21. doi: 10.1631/jzus.2007B0815

Albarran-Portillo B, Pollott GE. The relationship between fertility and
lactation characteristics in Holstein cows on United Kingdom commercial
dairy farms. ] Dairy Sci. (2013) 96:635-46. doi: 10.3168/jds2012-5632

Kumar S, Yadav MC, Singh BP, Prasad RB. Relative importance of reproductive
traits in lifetime milk production and profit in buffaloes. E-Bulletin (2015).
Available online at: https://ibic.lib.ku.ac.th/e-bulletin/2006-90.htm (accessed
September 20, 2019).

Singh CV, Yadav MC. Effect of genetic and non-genetic factors on
lifetime production traits in Indian buffaloes. Indian ] Anim Sci. (1987)
57:555-8.

Kumar A, Mandal A, Gupta AK, Ratwan P, Narendra K. Genetic evaluation of
reproductive traits in Jersey crossbred heifers at an organized farm of eastern
India. Indian ] Anim Res. (2017) 51:619-24. doi: 10.18805/ijar11158

Singh MK, Gurnani M. Performance evaluation of Karan Fries and Karan
Swiss cattle under closed breeding system. Asian-Aust ] Anim Sci. (2004)
17:1-6. doi: 10.5713/ajas.20041

Brzakova M, Zavadilova L, Pribyl ], Pesek P, Kasna E, Kranjcevicova
A. Estimation of genetic parameters for female fertility traits
in the Czech Holstein population. Czech | Anim Sci. (2019)

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

64:199-206. doi: 10.17221/51/2018-CJAS

. Bashir MK, Khan MS, Bhatti SA, Igbal A. Lifetime performance traits of

Nilli-Ravi buffaloes in Pakistan. Asian-Aust ] Anim Sci. (2007) 20: 661-
8. doi: 10.5713/ajas.2007661

. Singh TP, Singh R, Singh G, Das KS, Deb SM. Performance of production traits

in Nili-Ravi buffaloes. Indian ] Anim Sci. (2011) 81:1231-8. https://agris.fao.
org/agris-search/search.do?recordID=IN2015000329

Godara A. Genetic studies on performance traits in different lactation of Murrah
buffaloes. Thesis MSc, CCS Haryana Agricultural University, Hisar, Haryana,
India (2003).

. Sachdeva GK, Gurnani M. Evaluation of Friesian-crossbred cattle genetic

groups on the basis of total score. Indian ] Anim Sci. (1989) 59:1446-7.

Patil HR, Dhaka SS, Yadav AS, Patil CS. Comparison of genetic parameters
of production efficiency and fertility traits in Murrah buffaloes. Int ] Adv Biol
Res. (2018) 8:82-5. doi: 10.5958/0974-0171.2018.000043

Kaushik SN, Agarwal SC, Garg RC. Lifetime traits in Hariana cattle. Indian |
Anim Sci. (1994) 64: 1104-7.

Singh MK, Sharma RC, Gupta AK. Association among lifetime traits in Karan
Swiss cattle. Indian J Dairy Sci. (1995) 48:538-9.

Ambhore GS, Singh A, Deokar DK, Singh M, Sahoo SK. Lifetime performance
of Phule Triveni synthetic cows at an organized farm. Indian ] Anim Sci.
(2017) 87:1406-9. https://www.cabdirect.org/cabdirect/abstract/20173382390
Lin CY, Allaire FR. Efficiency of selection on milk yield to a fixed age. J Dairy
Sci. (1978) 61:489-96. doi: 10.3168/jdsS0022-0302(78)83624-8

Bhatia SS. Note on the selection for lifetime milk production in Sahiwal cattle.
Indian ] Anim Sci. (1980) 50:450-3.

Hussain SM. Studies on Sahiwal cattle in Pakistan II: Genetic and phenotypic
parameters of some lifetime production function. Thesis MSc, University of
agriculture, Faisalabad, Pakistan (1988).

Singh RP, Raut KC. Studies on the lactation curve for cows under village
conditions. Indian ] Anim Sci. (1982) 52:375-8.

Samoilo GA. Inheritance and relationship of service period and lactation
duration with milk production in Black Pied cattle. Belor Selsko Akad.
(1978) 45:46-9.

Dev K, Dhaka SS, Yadav AS, Sangwan SK. Genetic parameters of early
performance traits in Murrah buffaloes. Haryana Vet. (2015) 54:144-6.
https://www.luvas.edu.in/haryana-veterinarian/download/harvet2015-2/14.
pdf

Ambhore GS, Singh A, Deokar DK, Singh M, Sahoo SK, Divya P. Genetic
evaluation of lifetime performance of Phule Triveni cows by univariate and
multivariate methods. Indian ] Anim Sci. (2017) 87:177-81. https://www.
cabdirect.org/cabdirect/abstract/20173095838

Larson CJ, Chapman AB, Casida LE. Butter fat production per day of life
as a criterion of selection in dairy cattle. J Dairy Sci. (1951) 34:1163-9.
doi: 10.3168/jdsS0022-0302(51)91842-5

Dutt T, Taneja VK. Genetic improvement in lifetime yield expected from
selection on single traits or indices. Indian ] Anim Sci. (1996) 66:371-4.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Tamboli, Bharadwaj, Chaurasiya, Bangar and Jerome. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

June 2021 | Volume 8 | Article 557468


https://nbagr.icar.gov.in/wp-content/uploads/2020/02/Nili-Ravi-Buffalo.pdf
https://nbagr.icar.gov.in/wp-content/uploads/2020/02/Nili-Ravi-Buffalo.pdf
http://www.aup.edu.pk/sj_pdf/INHERITANCE%20OF%20ECONOMIC%20TRAITS%20OF%20.pdf
http://www.aup.edu.pk/sj_pdf/INHERITANCE%20OF%20ECONOMIC%20TRAITS%20OF%20.pdf
https://doi.org/10.3923/pjbs.1999.211213
https://kuojs.lib.ku.ac.th/index.php/BufBu/article/view/1110
https://kuojs.lib.ku.ac.th/index.php/BufBu/article/view/1110
https://doi.org/10.18805/ijar5567
https://doi.org/10.1017/S1751731109991157
https://doi.org/10.1017/S2078633615000223
https://doi.org/10.1631/jzus.2007B0815
https://doi.org/10.3168/jds2012-5632
https://ibic.lib.ku.ac.th/e-bulletin/2006-90.htm
https://doi.org/10.18805/ijar11158
https://doi.org/10.5713/ajas.20041
https://doi.org/10.17221/51/2018-CJAS
https://doi.org/10.5713/ajas.2007661
https://agris.fao.org/agris-search/search.do?recordID=IN2015000329
https://agris.fao.org/agris-search/search.do?recordID=IN2015000329
https://doi.org/10.5958/0974-0171.2018.000043
https://www.cabdirect.org/cabdirect/abstract/20173382390
https://doi.org/10.3168/jdsS0022-0302(78)83624-8
https://www.luvas.edu.in/haryana-veterinarian/download/harvet2015-2/14.pdf
https://www.luvas.edu.in/haryana-veterinarian/download/harvet2015-2/14.pdf
https://www.cabdirect.org/cabdirect/abstract/20173095838
https://www.cabdirect.org/cabdirect/abstract/20173095838
https://doi.org/10.3168/jdsS0022-0302(51)91842-5
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Genetic Parameters for First Lactation and Lifetime Traits of Nili-Ravi Buffaloes
	Introduction
	Materials and Methods
	Study Location, Collection of Data, and Its Classification
	Statistical Analysis

	Results
	Heritability Estimates for First Lactation Production and Reproduction Traits
	Heritability Estimates for Lifetime Performance Traits
	Estimates of Genetic Correlation for First Lactation Performance Traits
	Genetic Correlation Among Lifetime Traits
	Genetic Correlation Between First Lactation Performance and Lifetime Traits
	Phenotypic Correlation for First Lactation Performance Traits
	Phenotypic Correlation Among Lifetime Traits
	Phenotypic Correlation Between First Lactation Performance and Lifetime Traits

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


