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ABSTRACT

The present investigation was carried out using first lactation milk records of 1,084 Vrindavani cows spread
over a period of 17 years (2000-2017). The overall performance, effect of non-genetic factors on the first lactation
test day (TD) milk yields, age at first calving (AFC), first lactation length (FLL), first lactation peak yield (FLPY),
first lactation average daily yield (FLADY), first lactation 305 days milk yield (FL305MY) and first lactation total
milk yield (FLTMY) were investigated. The overall least squares mean for FL305MY, FLTMY, FLADY and FLPY
were 2825.86+26.04, 2883.40+35.91, 8.48+0.07 and 14.37+0.11 kg, respectively. The effect of season was highly
significantly affecting AFC, FLADY, FLPY, FLTMY, FLL and all the test day milk yields. The influence of period
was highly significant on AFC, FL305DMY, FLTMY, FLL, FLPY, FLADY, all the test day milk yields. The
heritability estimates of FL305SDMY, FLTMY and test day milk yields were low to moderate. While predicting
FL305MY, the highest coefficient of determination (R2) was obtained for TD96. However, while predicting FLTMY,

the highest R? value was observed for TD246.
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Crossbred cows contribute 54% (31.07 million tonnes)
of the total cow milk produced in India which is more than
the milk produced by the indigenous cattle breeds (26.69
million tonnes). Hence, despite their small number,
crossbred cows have significant contribution to the
country’s milk pool. Vrindavani is a synthetic crossbred
cattle strain developed at Indian Veterinary Research
Institute having exotic inheritance of breeds namely,
Holstein Friesian (H), Brown Swiss (B) and Jersey (J)
between 50 and 75% and zebu inheritance of Hariana
between 50 and 25% (Singh et al. 2011). To maintain and
further improve the level of milk production, proper
selection of animals of high genetic merits is needed. This
requires the adjustment of the records for non-genetic
factors to improve the selection procedures after accurate
estimation of heritability. Hence the present research was
conducted to study the effects of non-genetic factors
affecting the first lactation traits and FL305MY and FLTMY
was predicted on the basis of the test day milk yields.

MATERIALS AND METHODS

Source of data: The data were collected from the history
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cum pedigree sheets and daily milk record registers of the
Vrindavani crossbred cows maintained at the record room
of Livestock Production and Management Section of the
Institute. The cows were milked twice or thrice a day and
the daily milk yield was calculated by adding the three milk
yield records in a particular day. A total of ten individual
milk yields were collected at an interval of 30 days from
6™ day to 276™ day of lactation. The colostrum yield for
the first five days after calving was excluded from the study.
The animals having less than 500 kg of milk production in
a lactation and lactation length below 150 days were
excluded from the present study.

Classification of data: The entire duration of study was
classified into 6 periods of birth (1997 to 2014) and 6 periods
of calving (2000-2017) where each period comprised 2
years. Each year was divided into three seasons (rainy: July
to September, winter: October to February and summer:
March to June) on the basis of rainfall, temperature and
humidity over the years.

Least squares analysis: The data were subjected to the
least squares analysis of variance by using the technique
described by Harvey (1990). Duncan’s multiple range test
as modified by Kramer (1957) was used for testing
differences among the least squares means (using the inverse
coefficient matrix).

Estimation of heritability: Paternal half-sib correlation
(Intra-sire correlation among daughters) method was used
to estimate heritability of different traits after adjusting with
least squares constants of significant effects.
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Prediction of 305 days milk yield: A simple linear
regression analysis with only one independent variable at a
time and stepwise forward multiple linear regression
analysis was carried out. The test day milk yields were taken
as explanatory variables for prediction of FL305MY and
FLTMY were taken as the dependant variables.

RESULTS AND DISCUSSION

Age on first calving (AFC): In the present study, the
overall least squares means for AFC was 975.02+4.28 days
(Table 1). The present estimate was lower than that of
1012+9.32 days AFC observed by Singh et al. (2011) in
the same population and farm but across different years.
The lower age at first calving observed in the present study
compared to the previous study indicated towards the
improvement in the management of the farm across the
years. A highly significant (P<0.01) effect of season and
period was observed on AFC. The calves born during
summer season had significantly (P<0.05) higher age at first
calving than the calves born during rainy and winter season.
The calves born during the period 2000-02 had the highest
AFC while the calves born during the period 2012-14 had
the lowest AFC. Also, a decreasing trend in AFC was

Table 1. Least squares means and standard errors for age at first
calving (AFC) in Vrindavani cattle

Effect N Mean=SE (days)
Overall 1080 975.02+4.28
Season Rainy 298 977.16+7.60
Winter 548 955.23%+5.61
Summer 234 992.682+8.68
Period 1997-99 174 922.30°+10.01
2000-02 229 1095.342+8.73
2003-05 183 997.735+9.85
2006-08 168 989.10°+10.36
2009-11 154 935.76°+10.59
2012-14 172 909.89¢+10.11

The least squares means with same superscripts do not differ
significantly.
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observed from the period 2003-05 to the period 2012—14.
This indicated that AFC may be optimized by improving
the management practices in the farm. Singh (2009) reported
significant effect of season and period of birth on AFC in
Vrindavani cattle. However, in contrary to the present
findings, Vinothraj et al. (2016) observed non-significant
effect of both season and period of birth on AFC in Jersey
x Red Sindhi. A nonsignificant effect of season but a
significant effect of period of birth on AFC was reported
by Zewdu et al. (2015) in HF x Deoni; Kumar et al. (2015)
in Frieswal and Ambhore et al. (2017) in PhuleTriveni cattle.

First lactation 305 days milk yield (FL305DMY): The
overall least squares means for FL305DMY was
2825.86+26.04 kg (Table 2). Singh et al. (2011) reported a
lower estimate (2744.3+45.7 kg) of FL305DMY in
Vrindavani cattle. However, comparatively higher least
squares means for FL305SDMY were observed by Singh
(2014) and Tripathy et al. (2017) in Karan Fries cattle.
Lower estimates for FL305SDMY were reported by Lakshmi
et al. (2010) in Frieswal cattle; Zewdu et al. (2013) in HF
x Deoni crossbred; Patond and Gulhane (2014) in Jersey
cattle; Dhal er al. (2015) in Jersey crossbred and Kumar et
al. (2016) in HF crossbred cattle.

The effect of season of calving was non-significant on
FL305DMY. This indicated that the milch animals were
adequately managed during the different seasons by
providing favourable farm conditions. The non-significant
effect of season of calving on FL305DMY was in agreement
with the findings of Rashia (2006) in Karan Fries cattle;
Patond and Gulhane (2014) in Jersey cattle. However, in
contrary to our findings, the significant effect of season of
calving on FL305DMY was reported by Tripathy et al.
(2017) in Karan Fries cattle. Ambhore et al. (2017) found
significant effect of season of calving on first lactation 300
days milk yield in PhuleTriveni cattle. The effect of period
of calving was highly significant on FL305DMY. The
variation in FL305DMY over period may be attributed to
the changes in climatic and other managemental conditions.
The present findings were in agreement to the findings of
Singh (2009) in Vrindavani cattle; Kokate (2009), Sharma

Table 2. Least squares means and standard errors for first lactation 305 days or less milk yield (FL305MY), first lactation total milk

yield (FLMY), first lactation peak yield (FLPY), first lactation length (FLL), and first lactation average daily yield (FLADY)

Effect FL305DMY FLTMY FLPY FLL FLADY
N MeanzSE (kg) N Mean=SE (kg) N MeanzSE (kg N Mean=SE (days) N Mean=SE (kg)
Overall 804 2825.86+26.04 976 2883.40+3591 1014 14.37+0.11 976 33529+2.73 976 8.48+0.07
Season Rainy 144 2753.84P+54.32 185 2731.53b+74.89 191 13.31°+0.24 185 332.94®+570 185 8.10Y+0.15
Winter 374 2845.812+35.16 443  2904.722+49.39 461 15.08%+0.15 443 338.70°+3.76 443 8.77°x0.10
Summer 286 2877.932+39.12 348 3013.96°+55.31 362 14.732+0.17 348 344.53%+4.21 348 8.57%+0.11
Period 2000-02 122 2274.269+60.03 168 2136.35°+79.99 184 11.33°x0.24 168 311.59°+6.09 168 6.669%+0.16
2003-05 195 2527.12°+50.27 224 2638.98*+73.10 227 13.489+0.23 224 339.44+556 224 7.74°¢0.15
2006-08 149 3169.192+53.42 168 3285.182+78.41 172 15.03*°+0.25 168 344.39°+597 168 9.53+0.16
2009-11 153 3161.87°+53.25 180 3365.74°+76.45 184 15.94°+0.24 180 344.65°+5.82 180 9.722+0.16
2012-14 128 2873.60°+58.08 158 3181.56*+81.49 161 15.642°+0.26 158 368.632+6.20 158 8.63"+0.17
2015-17 57  2949.11°+86.11 78 2692.61°+115.01 86 14.81°+0.35 78 303.64°+8.75 78  8.60°+0.23

The least squares means with same superscripts do not differ significantly.
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(2010) and Tripathy et al. (2017) in Karan Fries cattle;
Patond and Gulhane (2014) in Jersey cattle; Ambhore et al.
(2017) in PhuleTriveni cows. In contrary to the present
findings, a non-significant effect of period of calving on
FL305DMY was reported by Singh (2014) in Karan Fries
cattle.

First lactation total milk yield (FLTMY): The overall
least squares means for FLTMY was 2883.40+35.91 kg
(Table 2). Similar values for FLTMY were observed by
Singh et al. (2011) in Vrindavani cattle; Alex et al. (2017)
in Frieswal cattle and Ambhore et al. (2017) in PhuleTriveni
cattle. Comparatively, lower least squares means for
FLTMY were observed by Lakshmi et al. (2010) in Frieswal
cattle; Zewdu et al. (2013) in HF x Deoni cattle; Dhal et al.
(2015) in Jersey crossbred and Thorat ez al. (2016) in HF x
Deoni crossbred. However, comparatively higher least
squares means for FLTMY were recorded by Sahana and
Gurnani (2000) in Karan Fries cattle.

The influence of season was highly significant (P<0.01)
on FLTMY. The present results were in agreement to the
findings of Sahana and Gurnani (2000) in Karan Fries and
Dutt and Kumar (2000) in HF x Hariana. However, the
non-significant effect of season of calving on FLTMY was
reported by Nehra (2011) in Karan Fries and Ambhore et al.
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(2017) in Phule Triveni cows. The effect of period of calving
was highly significant on FLTMY. Ambhore et al. (2017)
observed highly significant effect of period of calving on
FLTMY in PhuleTriveni cows. Kumar et al. (2016) reported
significant effect of period of calving on FLTMY in HF
crossbreds. However, Nehra (2011) reported nonsignificant
effect of period of calving in Karan Fries cattle.

Test day milk yields: The overall least squares means
for the test day milk yields (TDMY) varied between
7.50+0.10 kg for TD276 to 11.10+0.12 kg for TD36. The
highest test day milk yield was observed on the 2" test day
(TD36) (Tables 3 and 4). Similar findings were reported by
Kokate et al. (2013) and Singh (2014) in Karan Fries cattle.
The lowest test day milk yield was recorded towards the
end of the lactation i.e. on the 276™ day (TD276). The effect
of season of calving was significant (P<0.05) on TD6 (1%
monthly test day) and TD186 (7! monthly test day) while
on the other test day milk yields, whereas, it was highly
significant (P<0.01). In the present study, the highest test
day milk yield (11.86+0.15 kg on TD66) as well as the
lowest test day milk yield (6.54+0.14 kg on TD276) were
observed during the winter season. Kokate (2009), Rashia
(2010) and Singh (2014) observed a highly significant effect
(P<0.01) of season on all the test day milk yields in Karan

Table 3. Least squares means and standard errors for first lactation 305 days or less milk yield (FL305MY), First lactation total milk
yield (FLMY), first lactation peak yield (FLPY), first lactation length (FLL), and first lactation average daily yield (FLADY)

Effect TD6 TD36 TD66 TD96 TD126
N Mean+SE N Mean+SE N Mean+SE N Mean+SE N Mean+SE
Overall 906 7.93+0.12 908 11.10+0.12 904 10.88+0.11 902 10.39+0.11 908 9.78+0.11
Season Rainy 164 7.55Y+0.25 165  9.90°+0.26 166  9.99°+0.24 166  9.97°+0.23 163  9.69P+0.23
Winter 417  7.88%x0.16 422  11.75%+0.17 421 11.86°x0.15 418 11.252+0.15 420 10.55°+0.14
Summer 325 8.36°+0.18 321 11.65%#0.19 317 10.79°+0.17 318  9.95°+0.17 325 9.11°+0.16
Period 2000-02 149  6.109x0.27 151 8.83¢+0.28 151 8.29°+0.26 151 8.099+0.25 152  7.609x0.24
2003-05 213 7.40°0.24 211  10.46°+0.25 207  9.87°x0.23 206  9.23°x0.23 213  8.56°+0.21
2006-08 158  8.49%+0.26 158 11.96°+0.26 158 11.93%x0.25 158 11.45+0.24 157 10.74*+0.23
2009-11 166  7.96*+0.25 167 12.09%+0.26 167 12.378+0.24 167 11.73%+0.23 167 11.27°+0.22
2012-14 140  8.54%+0.28 141 10.92°+0.28 141 10.74°x0.26 141 10.29°+0.25 141 9.66"+0.24
2015-17 80 9.102+0.36 80 12.35%+0.37 80 12.10°+0.35 79 11.54*+0.34 78  10.88%+0.33
The least squares means with same superscripts do not differ significantly.
Table 4. Least squares means and standard errors for test day milk yields (TD156 to TD276)
Effect N TD156 N TD186 N TD216 N TD246 N TD276
Overall 908 9.26+0.10 907 8.67+0.10 896 8.42+0.10 872 7.90+0.10 800  7.50+0.10
Season Rainy 163 9.642+0.22 163 9.022+0.21 159 8.928+022 157  7.92°+0.20 144 7.35°+0.21
Winter 420 0.482+0.14 419  8.41Y+0.13 414 7.75°+0.14 406  7.19°%0.13 376  6.54°+0.14
Summer 325 8.67°+0.16 325 8.58"+0.15 323 8.60°+0.15 309 8.602+0.15 280 8.622+0.15
Period  2000-02 150 7.189+0.24 153 6.669+0.22 146 6.909+0.23 136  6.419+0.22 122 5.679+0.24
2003-05 214 8.26°+0.21 213 7.59°+0.20 213 7.19°£0.20 208 6.84°+0.19 186  6.66°+0.20
2006-08 157 10.38%+0.23 154  9.67°+0.21 155 9.30%+0.22 152  9.00%+0.21 144 8.812+0.21
2009-11 167 10.58%+0.22 167  9.83*+0.21 166 9.502+0.21 160 8.844+0.20 152 8.582+0.21
2012-14 141 9.31+0.24 141 8.94°+0.22 138 9.07°+0.23 138 8.40°+0.22 127  7.87°+0.23
2015-17 79 9.87°+0.32 79 9.333+030 78 8.57°+0.31 78 7.945+0.29 69  7.41%+0.31

The least squares mean with same superscripts do not differ significantly.
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Fries cattle. The effect of period of calving was a highly
significant (P<0.01) on all the test day milk yields. Kokate
(2009) also observed highly significant effect of period of
calving on all the test-day milk yields in Karan Fries cows.
However, in contrary to the present findings, Singh (2014)
reported nonsignificant effect of period of calving on all
the test day yields except on 125" day, 155" day and 215"
day in Karan Fries cattle. Rashia (2010) also reported a
nonsignificant effect of period of calving on 1%, 2nd, 3rd,
6™ and 10" monthly test day milk yields in Karan Fries
cattle.

First lactation length (FLL): The overall least squares
means for FLL was 335.29+2.73 days (Table 2). Singh
et al. (2011) had observed slightly higher FLL of 344.3+3
days in Vrindavani cattle. However, the present estimate
was close to FLL of 331.03+3.01 days reported by Ambhore
et al. (2017) in Phule Triveni cattle. Comparatively, lower
least squares means for FLL were reported by Lakshmi et
al. (2010) in Frieswal cattle; Zewdu et al. (2013) in HF x
Deoni; Dhal et al. (2015) in Jersey crossbred cattle and
Alex et al. (2017) in Frieswal cattle.

The effect of season of calving was significant (P<0.05)
on the first lactation length. Cows calving during summer
had longer first lactation length (FLL) of 344.53+4.21days,
whereas winter calvers had shorter lactation length of
338.70+3.76 days. Similar to our findings, Singh and
Gurnani (2004) observed maximum lactation length for the
summer calvers and minimum lactation length for winter
calvers. The nonsignificant effect of season of calving on
FLL was also reported by Kumar et al. (2016) in HF cross,
Saha et al. (2010) in Karan Fries, Lakshmi et al. (2010) in
Frieswal; Nehra (2011) in Karan Fries and Ambhore et al.
(2017) in Phule Tiveni cattle. The effect of period of calving
was highly significant (P<0.01) on FLL. This was in
agreement to the findings of Singh and Gurnani (2004) in
Karan Fries; Nehra (2011) in Karan Fries and Ambhore et
al. (2017) in Phule Triveni cows.

First lactation peak yield (FLPY): The overall least
squares means for first lactation peak yield was 14.73+0.11
kg (Table 2). Singh et al. (2011) also reported similar
estimates (14.0+0.2 kg) for peak yield in Vrindavani cattle.
Comparatively, lower least squares mean for first lactation
peak yield were observed by Lakshmi er al. (2010) in
Frieswal, Kumar et al. (2016) in HF crossbred cattle and
Alex et al. (2017) in Frieswal cattle.

The influence of season of calving was highly significant
(P<0.01) on FLPY. The highest FLPY was observed during
the winter season. Kumar et al. (2016) also reported highly
significant (P<0.01) effect of season of calving on FLPY
in HF crossbred cattle.

First lactation average daily yield (FLADY): The overall
least squares means for FLADY was 8.48+0.07 kg (Table
2). Similar estimates for FLADY were reported by Singh
et al. (2011) in Vrindavani cattle and Lakshmi et al. (2010)
in Frieswal cattle. However, lower estimates of FLADY
were reported by Zewdu et al. (2013) in HF x Deoni and
Dhal et al. (2015) in Jersey crossbred.
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The influence of season was highly significant (P<0.01)
on FLADY. Significant effect of season of calving on
FLADY was also reported by Nehra (2011) in Karan Fries
cattle. The effect of period of calving was highly significant
on FLADY and the present findings were in agreement to
the findings of Nehra (2011) in Karan Fries cattle. The effect
of age at first calving (AFC) was significant (P<0.05) on
FLADY. Nehra et al. (2011) also found significant effect
of AFC on FLADY in Karan Fries cattle.

Heritability estimates of FL305DMY, FLTMY, test day
milk yields: The heritability estimates of FL305DMY was
0.172+0.08. The present estimate was higher than that of
0.07+0.05 reported by Singh ef al. (2011) in Vrindavani
cattle. However, the present findings were comparable to
the heritability estimates of 0.20+0.06 reported by Rashia
(2006) in Karan Fries cattle. Comparatively, higher
heritability estimates for FL305DMY were reported in
Karan Fries cattle by Singh and Gurnani (2004), Kumbhare
and Gandhi (2007), Kokate (2009), Sharma (2010), Singh
(2014) and Tripathy et al. (2017). Goshu et al. (2014)
reported higher heritability estimates for FL305SDMY in
HF. Ambhore ef al. (2017) reported higher heritability
estimates for first lactation 300 days milk yield and Phule
Triveni cattle.

The heritability estimates of FLTMY in the present study
was 0.175+0.07. Comparatively, lower estimate of
0.06+0.05 was reported by Singh et al. (2011) in Vrindavani
cattle. However, the present estimates were close to that of
0.20+0.08 reported by Lakshmi et al. (2010) in HF x
Sahiwal. Comparatively, higher estimates of FLTMY were
reported by Sharma (2010) in Karan Fries cattle; Goshu et
al. (2014) in HF; Kumar et al. (2016) in HF crossbred cattle
and Ambhore et al. (2017) in Phule Triveni cattle.

In the present study, the h? estimates of the test day milk
yields were 0.138+0.07, 0.130+0.07, 0.142+0.07,
0.170+0.08, 0.160+0.08, 0.105+0.06, 0.089+0.06,
0.174+£0.08, 0.153+0.08 and 0.158+0.08 for TD6, TD36,
TD66, TD96, TD126, TD156, TD186, TD216, TD246 and
TD276 respectively. Singh (2014) estimated the heritability
of the monthly test day milk yields in Karan Fries cattle,
were 0.14%0.05, 0.20+0.06, 0.26+0.07, 0.17+0.06,
0.23+0.06, 0.34+0.07, 0.27+0.07, 0.21+0.06, 0.22+0.06 and
0.21+0.06 for 6™ day , 35" day, 65" day, 95" day, 125®
day, 155%™ day, 185™ day, 215™ day, 245™ day and 275"
days test day milk respectively. In the present study, lowest
heritability was recorded on 186" day (0.089+0.06).
However, Singh (2014) reported lowest heritability on 3051
day (0.11x0.05) and the highest heritability on 155" day
(0.34+0.07) in Karan Fries cattle.

Prediction of FL305DMY using test day milk yields:
While predicting FL305MY using single test day milk
yields, the highest R? (68.18%) for TD96 indicates that 96
day milk yield could be used as the most effective predictor
to predict FL305DMY (Table 5). However, when TD96
(4™ test day), TD156 (6™ test day) and TD246 (91" test day)
were used together for predicting the FL305DMY, the
accuracy of prediction increased to 87.16%. Thereafter, not
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much gain in accuracy was obtained on incorporation of
the additional test day milk yields in the prediction equation.
However, Njubi et al. (2010) reported that the prediction
equation with four variables, i.e., first, second, third, and
fourth test milk yield, gave adequate accuracy (79.0%) in
estimating the FL305DMY from test day milk yield in
Kenyan Holstein Friesian cows. Kokate (2009) reported
that the regression equation with four variables comprising
2nd 4t 6th and 9t test day was 86% accurate for prediction
of first lactation 305-day milk yield in Karan Fries cows.

Prediction of FLTMY using test day milk yields: While
predicting FLTMY using test day milk yields, the highest
coefficient of determination (56.22%) was obtained for
TD246. The highest accuracies obtained towards the end
of the lactation period indicated that prediction of FLTMY
using early in the lactation variable cannot yield adequate
accuracy.

The highest coefficient of determination for TD96
(R?=68.18%) in the present study indicated that 96" day
milk yield could be utilized as the most effective predictor
to predict FL305MY early in the lactation period. The early
prediction of 305 days milk yield using the test day milk
yield would be useful under the field conditions where there
is a lack of infrastructure and recording facilities due to
which the milk recording on daily basis is a tedious job.
The use of test day records in predicting the 305 days milk
yield would also result in reduced cost of recording as less
frequent collection of milk samples would be required. This
would also help in early selection of sires on the basis of
test day milk yields of their daughters in commercial dairy
farms. Thus, the selection of the animals on the basis of

Table 5. Regression for prediction of first lactation 305 days
milk yield (FL305MY) using test day milk yields (TDMY) and
monthly milk yield (MY)

TDMY/MY Intercept constant (a) b, R?

TD6 2035.04+65.28 108.50+7.47 24.62
TD36 1194.94+67.19 148.06+5.53 52.63
TD66 996.66+60.69 168.17+5.10 62.69
TD96 936.44+55.72 183.42+4.95 68.18
TD126 2175.30+55.32 71.56+4.83 25.34
TD156 1095.97+55.54 189.15+5.52 64.50
TD186 1145.98+57.88 197.13+6.17 61.37
TD216 1281.97+60.43 187.79+6.63 55.65
TD246 1337.06+62.45 190.84+7.21 52.37
TD276 1604.41+65.23 165.07+7.77 42.42
MMY1 2666.14+44.58 1.79+0.26 6.77
MMY2 884.34+63.46 5.91+0.18 62.72
MMY3 692.07+56.57 6.33+0.16 71.67
MMY4 692.59+50.64 6.75+0.15 76.01
MMY5 652.28+46.73 7.24+0.14 79.42
MMY6 693.53+49.87 7.56+0.16 76.56
MMY7 836.47+50.76 7.53+0.18 73.53
MMYS8 940.39+54.36 7.50+0.20 68.68
MMY9 1014.33+57.08 7.53+0.22 64.85

b;, Regression of FL305DMY on TDMY; R2, Coefficient of
determination.
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their test day milk yields would lead to a reduced generation
interval besides being cost effective.
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