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Non-genetic factors affecting first lactation reproduction
traits of frieswal heifers/ cows under
field conditions
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ABSTRACT

Frieswal (HF x Sahiwal) are the important crossbred cattle population in India for milk production. An
investigation was carried out with farmers of U.S. Nagar district of Uttarakhand on Frieswal heifers/ cows
during Nov. 2010 to Feb. 2016 to study the effect of various non-genetic factors (blocks, herd size, land
holding, education level of farmers, caretakers of herd, marketable milk surplus, season/ year of birth/
calving) on age at first service, age at first conception, no. of services required for first conception, age at
first calving, first service period and first calving interval using least-squares analysis of variance. The overall
least-squares means for these traits were 840.7+57.9 days, 906.6+64.9 days, 1.75+0.29, 1103.2+80.6 days,
142.1+4.2 days and 520.1+47.4 days based on 569, 539, 538, 337, 163 and 88 observations, respectively.
These traits were significantly affected by varying non-genetic factors. Information on this aspect is useful
in implementing any large scale field based animal breeding program with respect to crossbred cattle in

general and Frieswal cattle in particular.
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Crossbred cattle contribute significantly to India’s
milk output. These cattle are reared under different
management regimen throughout the country.
Frieswal (HF x Sahiwal) is an important crossbred
cattle population of the country. As milk production
is followed by reproduction, optimum range of
reproduction traits is pre-requisite to profitable milk
production. Therefore, the study of various non-genetic
factors affecting the reproduction traits is essential.
Information on this aspect with respect to various first
lactation reproduction traits of Frieswal crossbred
heifers/ cows is scanty under field conditions. Present
study is, therefore, undertaken to explore more on this
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aspect, particularly in the area where a systematic field
recording program is already going on.

MATERIALS AND METHODS

Present investigation was carried out with
farmers of U.S.Nagar district of Uttarakhand who
reared Frieswal heifers/ cows under All India Co-
ordinated Research Project (AICRP)- Frieswal
Progeny Testing Unit during Nov. 2010 to Feb. 2016.
The farmers covered under 5 blocks (Pantnagar,
Gadarpur, Bazpur, Bara, Sitarganj) of U.S.Nagar
district were approached to collect the information
related to varying pattern of their herd size (in adult
animal equivalent, AUE), land holding (landless,
small, medium, large), education level (llliterate,
matriculate, above matriculate), caretakers of herd
(male head, lady head, both heads, hired person)
and marketable milk surplus (not sold, sold up to
50% and sold more than 50%) as well as season of
birth/ calving. Data related to age at first service
(AFS, in days), age at first conception (AFC, in
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days), no. of services required for first conception
(AIN, no.), age at first calving (AC, in days), first
service period (FSP, in days) and first calving interval
(FCI, in days) were derived out from bureau of
records of AICRP and subjected to least-squares
analysis of variance to find out the factors affecting
these traits'™. Following model was employed for
data analysis:

Hijkirmmp =u+ Ba’ +5j’ + Yk + ”I + Lm + En + ’En
+ Mp + Eijkhrtrm;r}

Where,

Yijktmnop 18 reproductive trait of animal

u is the population mean

B; is the effect of i" block

LY, is the effect of | season of birth
Y is the effect of k™ year of birth

H, is the effect of 1" herd size

Ly, is the effect of m"™ land holding
E, is the effect of n" education level
C, is the effect of o™ care taker

M, is the effect of p" marketable surplus
€ijkimnop 1S the random error, N (0, o)

RESULTS AND DISCUSSION
Age at first service (AFS)

The overall least-squares mean for AFS of
569 Frieswal heifers was 840.7+57.9 days with
CV 25.3% (Table 1). The present value is in
agreement in crossbred dairy cows (890.6£195.2
days)®, lower to Vrindavani (696.9+7.4 days)? and
Frieswal crossbred cattle (608.3£27.1; 626.2+13.4
days)*?” and higher to localxSahiwal and localxHF
heifers (1517.4+53.1 and 1201.7+68.3 days)® in
Bangladesh.

Trait was significantly affected by blocks
(P<0.01), year of birth (P<0.01) and education level
(P<0.05) of farmers. Among all blocks, AFS ranged
from 781.65+65.66 to 891.94+60.80 days, being
significantly (P<0.01) lower in Pantnagar block and
highest in Bara block. This variation reflected varying
skills of A.l.Workers as well as pattern of care and
management of the livestock by farmers of different
blocks. AFS was significantly lower for the year
2014 (650.91+£69.23 days) and highest for the year

2011 (942.34+57.08 days). This may be attributed
to the improved management practices of farmers
which they might have adopted over time. The
value was significantly lower (802.13+57.39 days)
with farmers having matriculate education level and
was maximum (872.30+64.43 days) with illiterate
farmers, signifying that education level of farmers
is an important consideration for animal husbandry
practices. Significant effect of blocks® and year
of birth® and year and season of birth have been
reported” . The effect of other non-genetic factors
(season of birth, herd size, land holding, caretaker
of herd and marketable milk surplus) was not found
to be significant on the trait in the present study. This
was in consonance with other workers®1421,

The productivity of dairy cattle depends mainly
on their reproductive performance and efficiency of
service per conception®. Reproductive performance is
an important characteristic of outstanding importance
in dairy farming and is the basis of profitable
production®18,

Age at first conception (AFC)

The overall least-squares mean for age at
first conception (AFC) of 538 Frieswal heifers was
906.6+64.9 days with CV 25.5% (Table 1). The
present value was lower in HF x Sahiwal heifers
(679.5+8.03 days)??, in Vrindavani crossbred
cattle (746.28+8.94 days)? and in Frieswal heifers
(610.2+25.2 days)?, based on lesser observations.

The trait was significantly affected by blocks,
season of birth, year of birth, education level of farmers
and marketable milk surplus. Among all blocks, AFC
was significantly lower in Pantnagar (835.30+73.57
days) and highest in Bara (983.50+68.20 days)
block. The trait was lowest for heifers born in
winter season (854.18+65.07 days) and in the year
2014 (671.85+86.09 days) and highest for spring
season (934.93+69.27 days) and in the year 2010
(1026.81+71.74 days). Its value was significantly
lower (864.72+64.30 days) with farmers having
matriculate education level and those famers who
sold the milk up to 50% (764.70+£65.91 days) and
was maximum (943.07+72.05 days) with illiterate
ones and with those who consumed the produce
completely (1159.94+165.61 days), indicating
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positive role of education as well as milk market
business in profitable animal husbandry. The effects
of other non-genetic factors (herd size, land holding
and caretaker of herd) were non-significant on AFC.

Significant effect of Al centers® and year of birth'¢7.22
and non-significant effect of herd size, land holding?
and caretaker of herd?®, season of birth*'® have been
reported in HF crossbred heifers.

Table 1. Least-squares means and their SE for age at first service (AFS), age at first conception (AFC)
and No. of Al required for first conception (AIN) in Frieswal crossbred heifers

Effects Particulars AFS (days) AFC (days) AIN (no.)
Pantnagar 781.78+ 65.7 (74) 835.38+ 73.6 (69) 1.63%8 + 0.33 (69)
Gadarpur 815.8%8+ 58.4 (165) 856.48 + 65.6(157) 1.568 £ 0.29 (157)
Blocks Bazpur 883.8%+ 61.2 (130) 934.9%+ 68.4(122) 1.60%8 + 0.30 (122)
Bara 891.94+ 60.8 (82) 983.5+ 68.2 (72) 1.994+0.30 (72)
Sitarganj 830.4%%+ 60.0 (118) 923.1%8+67.0 (118) 1.96%+ 0.30 (118)
Spring 851.4 £ 61.8 (115) 934.92+ 69.3(111) 1.79 £ 0.31 (110)
Summer 853.6 + 58.6 (167) 917.4% + 65.5(160) 1.76 £ 0.29 (160)
Season of birth Rainy 850.9 £ 61.6 (79) 920.0% + 69.0 (76) 1.85+0.31 (77)
Winter 806.9 + 58.1 (208) 854.2°+ 65.1(191) 1.59 £ 0.29 (191)
2010 923.5%+ 64.6 (55) 1026.8%+ 71.7(55) 1.87 £ 0.32 (55)
2011 942.32+ 57.1 (155) 1019.6%+ 63.5(155) 1.73 £ 0.28 (156)
Year of birth 2012 894.9+ 58.9 (221) 973.8%% 65.7(219) 1.78 £ 0.29 (219)
2013 791.98+ 60.3 (113) 841.18+ 67.2(96) 1.76 £ 0.30 (96)
2014 650.9°+ 69.2 (25) 671.95+ 86.1(13) 1.60 £ 0.39 (12)
<3 AUE 881.3 £55.3 (119) 949.2 £ 61.7 (107) 1.72 £ 0.27 (107)
. >3 to 6 AUE 826.8 + 68.7 (256) 904.7 + 77.8 (245) 1.88 + 0.35 (244)
Herd size >6 to 10 AUE 822.3 £ 69.6 (132) 884.6 + 78.7 (129) 1.80 + 0.35 (130)
>10 AUE 832.5+72.8 (62) 888.1 £ 82.6 (57) 1.60 £ 0.37 (57)
Landless 821.9 £ 59.1 (105) 873.8 £ 66.2 (98) 1.59 £ 0.29 (98)
Small 836.2 + 59.5 (288) 907.4 + 66.6 (270) 1.79 £ 0.30 (269)
Land holding Medium 847.7 £ 61.7 (108) 922.3 £ 69.1 (104) 1.81 £ 0.31 (105)
Large 857.0 + 64.4 (68) 923.1 £71.9 (66) 1.80 £ 0.32 (66)
lliterate 872.32+ 64.4 (42) 943.12+72.1 (40) 1.73 £ 0.32 (40)
Education level Matriculate 802.1° + 57.4 (377) 864.7°+64.3 (353) 1.76 £ 0.29 (353)

> Matriculate

847.72 + 59.2 (150)

912.12466.3(145)

1.76 + 0.29 (145)

Male head 857.6 + 60.2 (145) 923.7 £ 67.4 (137) 1.70 £ 0.30 (136)

Lady head 842.8 +63.3 (92) 929.2 +70.8 (91) 1.86 £ 0.31 (91)
Care taker

Both heads 857.4 + 58.5 (238) 918.1 £ 65.5 (220) 1.79 £ 0.29 (221)

Hired person

805.0 + 60.2 (94)

855.6 + 67.4 (90)

1.65 + 0.30 (90)
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Not sold 1051.4 + 150.5 (3)
Marketable Up to 50% 722.7 £ 56.5 (110)
Surplus

> 50 % 748.1 + 23.9 (456)
Overall 840.7 £ 57.9 (569)
CV (%) 25.3

1159.9° £ 165.6 (3)
764.7° £ 65.9 (99)
795.3%+ 28.4 (436)

1.92 £0.73 (3)
1.80 £ 0.29 (99)

1.53 £0.13 (436)
906.6 + 64.9 (538) 1.75 £0.29 (538)

255 56.9

Least-squares means followed by same or no upper case letters as superscripts in the column do not differ significantly (a,

b; P<0.05), (A, B, C; P<0.01).

AFC is the period from birth of animal to the
insemination date that is making her conceive first
time in life. At this age heifer could reach reproductive
maturity, enabling her to carry fetus to full term. AFC
has for long been the centre of attention of dairy
experts with regard to the possibility for shortening
of the generation interval?®. For the purpose of
reduction of recurring cost it is preferable that rearing
period to first conception is reduced optimally.

No. of Al required for first conception (AIN)

The overall least-squares mean for AIN of 538
Frieswal crossbred heifers was 1.751£0.29 with
coefficient of variation 56.9% (Table 1). Present
value was reported higher®1223 as well as lower 2'24
in crossbred cattle.

The trait was significantly (P<0.01) affected by
blocks and it was lowest in Gadarpur (1.557+0.291)
and highest in Bara (1.996+0.302) block, signifying
role of farmers as well as AIW of the area. The effect
of other non-genetic factors (season of birth, year
of birth, herd size, land holding, education level
of farmers, caretaker of herd and marketable milk
surplus) was non-significant. This was in consonance
in crossbred cattle®. However, significant effect of
year of service and non-significant effect of season
of service in crossbred and local dairy cows have
been reported?'.

The minimum number of service per conception is
the important indicator of economically profitable dairy
farming. AIN may be influenced by many factors like
quality and quantity of semen, improper detection of
heat, failure to inseminate at appropriate time as well
as skill of inseminator. The other related factors are
the level of fertility of cows and bulls, which may be
influenced by diseases, semen handling techniques
and other environment factors.

Age at first calving (AC)

The overall least-squares mean for age
at first calving (AC) of 337 Frieswal crossbred
heifers was 1103.2+80.6 days with coefficient of
variation 17.8% (Table 2). Its value was lower in HF
crossbreds381315.17.19.2621.29 gnd higher in different
crosses of HF cattle? 2428,

The trait was significantly affected by blocks,
year of birth and education level of farmers (Table
2) and was significantly lower in Pantnagar block
(1031.12+90.03 days) and highest in Sitarganj
and Bara (1145.92+82.00 days) blocks. It was
lowest for those who took birth during the year
2013 (938.19+88.54 days) and with farmers
having matriculate education level of education
(1055.44+79.62 days) and highest for those who
were born during the year 2010 (1194.81+87.54
days) and with illiterate farmers (1154.57+88.96
days), indicating positive role of education in animal
husbandry. Significant effect of period®'"?¢ and of
farm?® on AC was reported in HF crossbreds. Other
non-genetic factors (season of birth, herd size,
land holding, caretaker of herd and marketable
milk surplus) did not affect the trait significantly.
Such effect of season was in consonance in HF
crosses' 1728,

Age at first calving is one of the most important
reproduction traits that decide economics of dairy
husbandry. Hence, dairy farmers are always
interested to optimally reduce it to increase
production life of (no. of lactations) of the cow?.

First service period (FSP)

The overall least-squares mean for first service
period (FSP) based on 163 observations on Frieswal
crossbred cows was 142.1+4.2 days with coefficient
of variation 37.5% (Table 2). The present value
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is in agreement'3° and lower in HF crossbred
COW32’17’24‘26.

The trait was significantly (P<0.05) affected
by season of calving and year of calving. It
was significantly lower for rainy season calvers
(135.97+9.75 days) and those calved during the

Table 2. Least-squares means and their SE for age at first calving (AC) and first service period (FSP)
and first calving interval (FCI) in Frieswal crossbred cows

year 2013 (136.86+7.28 days) and highest for spring
season calvers (145.40+10.10 days) and those who
were calved during the year 2014 (146.19+6.33
days). Significant effect of season of calving'”*°and
of period of calving?'33° have been reported in HF

crossbred cows at different farms.

Effects Particulars AC (days) FSP (days) FCI (days)
Pantnagar 1031.1°+ 90.0 (37) 119.9 + 10.3 (14) 476.3£76.9 (4)
Gadarpur 1064.0%+ 81.7 (112) 137.7 £ 6.0 (56) 558.3 £ 51.4 (34)

Blocks Bazpur 1131.3% £ 84.6 (80) 140.8 £ 8.5 (37) 545.7 £ 58.5 (17)
Bara 1143.8% + 87.0 (28) 164.4 + 16.7 (14) 543.8 £ 60.3 (7)
Sitarganj 1145.92 + 82.0 (80) 148.8 + 10.2 (42) 476.4 + 48.7 (26)
Spring 1104.9 + 85.2 (68) 145.42+ 10.1 (30) 506.12%+ 57.0 (10)

Season of Summer 1115.8 + 82.3 (99) 142.12+ 6.8 (52) 473.4°+ 49.5 (25)

birth/ calving  Rainy 1121.8 £ 85.0 (43)

Winter 1070.3 + 80.2 (127)

2010 1194.8"  87.5 (48)

2011 1184.0°+ 78.6 (127)

2012 1095.98 + 81.7 (136)
Year of birth/ 5513 938.2¢+ 88.5 (26)
calving

2014 .

2015 .

2016 .

<3AUE 1179.0 + 76.7 (64)

>3 to 6 AUE 1092.3 + 95.6 (156)
Herd size

>6 to 10 AUE 1070.6 + 97.1 (80)

>10 AUE 1071.1 £ 101.3 (37)

Landless 1079.2 + 82.4 (69)

Small 1104.2 + 82.2 (168)
Land holding

Medium 1104.0 + 84.8 (60)

Large 1125.4 + 88.4 (40)

lliterate 1154.6 89.0 (24)
Education Matriculate 1055.4°+ 79.6 (226)

level

> Matriculate 1099.72°+ 82.1 (87)

136.0°+ 9.8 (32)
144.0°+ 8.3 (49)

136.9°+ 7.3 (50)
146.2°+ 6.3 (83)
139.3°+ 8.2 (30)
146.5 + 2.2 (25)
145.1 £ 5.6 (72)
134.1+ 8.6 (44)
142.9 + 14.8(22)
135.1 7.4 (36)
145.6 + 5.3 (85)
138.2 + 13.0(26)
145.2 + 18.6(16)
167.3 +24.0 (8)
141.5 + 4.6(115)
138.6 9.9 (40)

537.6%+ 57.7 (23)
563.4°+ 45.0 (30)

422.8°+ 44.9 (23)
468.9°+ 42.3 (62)
668.6"+ 79.7 (3)
510.3 + 62.5 (16)
523.0 + 68.3 (35)
523.7 +70.3 (25)
523.5 + 73.6 (12)
554.0 + 52.6 (17)
535.7 + 46.0 (51)
448.1 £ 53.9 (10)
542.7 + 68.3 (10)
571.1+77.2 (3)

513.1 £ 44.1 (62)

476.1 £ 44.6 (23)
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Male head 1109.2 + 83.2 (88)

Lady head 1116.7 + 88.6 (58)
Care taker

Both heads 1136.0 £ 80.0 (143)

Hired person 1050.9 + 82.9 (48)

Not sold 1247.6 + 208.4 (3)
Marketable 4 509, 995.5 + 79.3 (60)
surplus

> 50 % 1066.6 + 31.9 (274)
Overall 1103.2 + 80.6 (337)
CV (%) 17.8

145.7 + 8.7 (42)
140.1 + 8.0 (30)

138.6 £ 6.5 (71)

149.7 + 13.5(20)
146.5 + 10.6 (25)
141.3 + 4.6 (138)
142.1 + 4.2 (163)
37.5

504.1 + 54.4 (21)
515.0 + 55.6 (19)
499.1 + 48.8 (35)
562.2 + 53.4 (13)

517.5 + 94.3 (15)
522.7 + 43.4 (73)
520.1 + 47.4 (88)
20.6

Least-squares means followed by same or no upper case letters as superscripts in the column do not differ significantly (a,

b; P<0.05), (A, B, C; P<0.01).

The effect of other non-genetic factors (blocks,
herd size, land holding, education level of farmers,
care taker of the herd, marketable milk surplus and
sex of calf) was not observed to be significant on
the trait. This signifies that the trait, by and large,
remained unaffected by these factors, which may be
due to small number of observations in the present
study. FSP is the important constituent of firs calving
interval (FCI). Hence, optimization of FCI can only
be done by due consideration to FSP.

First calving interval (FCI)

The overall least-squares mean for first calving
interval (FCI) of Frieswal crossbred cows based
on 88 observations was 520.1+47.4 days with
coefficient of variation 20.6% (Table 2). Present
value was marginally higher?1:132426.27.30 gnd lower'?
as reported by various workers in HF crossbred
COws.

The trait was significantly affected by season of
calving and year of calving. Its value was lower for
summer calvers (473.43+49.48 days) for the cows
calved during 2014 (422.77+44.91 days) and highest
for winter calvers (563.35£45.02 days) and for the
year 2016 (668.62+79.73 days). Non-significant
effect of season of calving?”'33*° in HF crossbred
cows and significant*® as well as non-significant®'?
effect of period of calving have been reported. The
effect of other non-genetic factors (Blocks, herd size,
land holding, education level of farmers, caretaker
of herd and marketable milk surplus) was not found
to be significant on FCI in the present investigation.

Similar to AFC, calving interval is also very
important trait affecting economics of the dairy farm.
Workers have been trying to optimise this trait also
primarily by stressing upon optimising the service
period?.

CONCLUSION

Frieswal (HF x Sahiwal) are the important
crossbred cattle contributing significantly to
country’s milk output. Present investigation was
carried out with farmers of U.S.Nagar district of
Uttarakhand on Frieswal heifers/ cows during Nov.
2010 to Feb. 2016 to understand effect of various
non-genetic factors on age at first service (AFS), age
at first conception (AFC), no. of services required for
first conception (AIN), age at first calving (AC), first
service period (FSP) and first calving interval (FCI).
The overall least-squares means for AFS, AFC, AIN,
AC, FSP and FCl was 840.7+57.9 days, 906.6+64.9
days, 1.75+0.29, 1103.2+80.6 days, 142.11£4.2 days
and 520.1+47 .4 days, respectively. These traits were
significantly affected by varying non-genetic factors,
viz. AFS by blocks, year of birth and education level
of farmers; AFC by blocks, season of birth, year of
birth, education level of farmers and marketable milk
surplus; AIN by blocks; AC by blocks, year of birth
and education level of farmers; FSP by season of
calving and year of calving and FCI by season of
calving and year of calving.

ACKNOWLEDGEMENT

Authors are thankful to the Vice-Chancellor,
Dean, CVASc., Dean, PGS, Director Experiment

171



Minj et al.

Station, GBPAU&T., Pantnagar and Director, CIRC
(ICAR), Meerut for providing necessary facilities to
conduct the present study.

REFERENCES

1. Aral, F. 2005. The reproductive performance
in Brown Swiss heifers in Konya. Indian Vet. J.
82: 394-397.

2. Bhutkar, S.S., Thombre, B.M. and Bainwad, D.V.
2014. Studied on Effect of Non-genetic Factors
on Reproduction Traits in HF x Deoni Cows. J.
Agric. Vety. Sci. 7(12): 15-19.

3. Devi, L.S. 2013. Farmers’ profile and
morphometric studies of Frieswal heifers
under field progeny testing programme. M.V.Sc.
Thesis, G.B.P.U.A.&T. Pantnagar.

4. Dhara, K.C., Sinha, R., Gupta, R.D., Hui, A K.
and Sil, B.K. 2002. Effect of genetic groups and
season of birth on age at first fertile service
of half-bred dairy cattle in West Bengal. J.
Interacademicia, 6: 660-661.

5. Dinka, H. 2012. Reproductive performance of
crossbred cattle dairy cows under smallholder
condition in Ethiopia. Int. J. Livestock Prod.
3(3): 25-28.

6. Gabriel, H.K., John, C.M., Trail, M.Y., Kurtu,
G.W., Frank, M.A. and Jeffrey, D. 1983.
Crossbred dairy cattle productivity in Arsi
Region, Ethiopia. ILCA Res. Report No. 11.

7. Gatchearle, P.L., Mitkari, K.R., Mule, R.S.,
Baswade, S.V. and Bhadekar, S.V. 2010. Effect
of season of calving and parity on dry period and
intercalving period in inter se progeny of HF x
Deoni. Vet. World, 3(2): 85-87.

8. Gaur, G.K. 2001. Environmental factors affecting
various performance traits of Frieswal cattle.
Indian J. Dairy Sci. 54(4): 209-213.

9. Haque, M.N., Adhikary, G.N., Saha, A.K., Miah,
M.Y. and Ara, A. 2009. Reproductive status of
crossbred heifers at Sylhet government dairy
farm in Bangladesh. Int. J. Sustainable Agric.
Tech., 5(1): 20-22.

10. Harvey, W.R. 1990. User’s Guide for LSMLMW
and MIXMDL PC-2 Version Mixed Model Least-

172

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Squares and Maximum Likelihood Computer
Program. Ohio State University, Columbus,
USA.

Hashmi, R., Thokal, M.R., Wankhede, B. and
Udar, S.A. 2007. Effect of season of calving on
first production performance in crossbred cows.
Indian J. Anim. Res. 41(4): 290-292.

Islam, S.S., Ahmed, A.R., Ashraf, A. and
Khanam, N. 2004. Genetic and phenotypic
parameters on reproductive traits of crossbred
cattle in a selected farm of Bangladesh. Pak. J.
Biol. Sci. 7(7): 1269-1273.

Japheth, K.P., Mehla, R.K., Imtiwati and Bhat,
S.A. 2015. Effect of non-genetic factors on
various economic traits in Karan Fries crossbred
cattle. Indian J. Dairy Sci. 68(2): 163-169.

Kabir, F. and Kisku, J.J. 2013. Reproductive
performance of different crossbred cows of
Bangladesh. Afr. J. Anim. Res. 8(9): 723-729.

Kumar, A., Kumar, S., Singh, U. and Beniwal,
B.K. 2014. Factors affecting herd life and total
calf Production in Frieswal cows. Indian J. Anim.
Res. 48(2): 159-161.

Madhuri, S.B. and Suman, C.L. 2008.
Factors affecting reproduction and production
performance of triple crosses in cattle. Indian
Vet. J. 85(12): 1306-1308.

Madhuri, B.S., Suman, C.L. and Pandey, H.S.
2009. Reproduction and Performance of three-
breeds crosses in cattle. Indian J. Anim. Res.
43(1): 32-36.

Mukassa-Mugerewa, E. 1989. A review of
reproductive performance of female Bos indicus
(Zebu) cattle, International Livestock Centre
for Africa (ILCA), monograph, Addis Ababa,
Ethiopia. http://www.ilri.org/InfoServ/Webpub/
Fulldocs/X5442e/x5442¢e00. htm.

Mukherji, S. 2005. Genetic evaluation of
Frieswal cattle. Ph.D. Thesis, NDRI, Deemed
University, Karnal, India.

Novakovic, Z., Sretenovic, L.J., Aleksic, S.,
Petrovic, M.M., Pantelic, V. and Ostojic-Andric,
D. 2011. Age at first conception of high yielding
cows. Biotech. Anim. Husb. 27(3): 1043-1050.



21.

22.

23.

24.

25.

26.

Non-genetic factors affecting reproduction traits of frieswal heifers/ cows

Qureshi, M.S., Khan, A., Mirbahar, K.B. and
Samo, M.U. 2000. Productive and reproductive
performance and their interaction in crossbred
cattle under field conditions in district Bannu.
Pak. Vet. J. 20(1): 31-34.

Rafique, M., Chohan, K.R. and Chaudhry, Q.Z.
2000. Factors affecting age at maturity and age
at first conception in Holstein-Friesian x Sahiwal
crossbreds. Pak.Vet. J. 20(1): 40-42.

Saha, D.N. and Parekh, H.K.B. 1988. Factors
affecting reproductive traits in half and three-
fourth crossbred cattle. Indian J. Dairy Sci. 41:
196-201.

Sarder, M.J.U. 2006. A comparative study on
reproductive performance of crossbred dairy
cows at Greater Rajsahi district. J. Anim. & Vet.
Adv. 5(8): 679-685.

Sastry, N.S.R. and Thomas, C.K. 2013.
Livestock Production Management, 4™ ed.
Kalyani Publishers, New Delhi.

Singh, R.R., Dutt, T., Kumar, A., Tomar, A.K.S.
and Singh, M. 2011. On farm characterization
of Vrindavani cattle in India. Indian J. Anim. Sci.
81(3): 267-271.

27.

28.

20.

30.

173

Singh, S., Das, A.K., Chakraborty, D., Taggar,
R.K., Kumar, N., Gupta, P. and Mahajan, V.
2014. Studies on genetic and nongenetic factors
affecting performance traits of frieswal cows.
Indian J. Anim. Res. 48(6): 537.

Thombre, B.M., Mitkari, K.R., Karanjkar, L.M.,
Padghan, P.V. and Khandare N.O. 2002. Studies
on age at first calving and milk yield in Deoni and
Holstein Friesian x Deoni halfbreds (F1). Indian
J. Anim. Res. 36(2): 125-127.

Zaman, M.H.l., Farooq, M.A. and Shah, K.S.
1983. Production performance and adaptability
of crossbred cows. Pak J. Agric. Res. 4(3):
180-1809.

Zewdu, W., Thombre, B.M. and Bainwad, D.V.
2015. Studies on some non-genetic factors
affecting reproductive performance of HF x
Deoni crossbred cows. Afr. J. Agric. Res. 10(12):
1508-1516.



