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ABSTRACT

The present study was conducted to evaluate body weight and growth performance of Sahiwal female 
calves and to assess the effects of period, season, and birth weight. Data were collected over a ten-year 
period from 1996 to 2005. Body weights were recorded at birth and at 3, 6, 9, 12, 18, and 24 months of age. 
Growth rates were analyzed across six intervals: birth–3, 3–6, 6–9, 9–12, 12–18, and 18–24 months. The 
study period was divided into three phases (1996–1998, 1999–2001, and 2002–2005). Seasons of birth were 
categorized as summer (March–June), rainy (July–October), and winter (November–February), while 
birth weight was grouped into four classes (<17 kg, 17–19 kg, 20–22 kg, and >22 kg). A least squares model 
was applied using the R package emmeans (version 2.0.2) in the R programming environment (version 
4.5.1). The overall mean body weights at birth, 3 months, and 6 months were 20.29 ± 0.14 kg, 40.52 ± 0.49 
kg, and 76.48 ± 1.01 kg, respectively, while corresponding weights at 9, 12, and 18 months were 101.45 ± 
1.42 kg, 134.29 ± 1.71 kg, and 197.42 ± 1.78 kg, indicating a steady growth pattern. Seasonal effects were 
largely non-significant during early growth, though some significant influence was observed at later 
stages, particularly on growth rates. Period of birth significantly affected body weights and growth rates at 
several stages, reflecting improvements in management, nutrition, and breeding practices over time. Birth 
weight had a significant effect on early growth (up to 3 months), but its influence diminished at later ages. 
Growth rates were highest during the mid-growth phases and gradually declined as calves approached 
maturity. Overall, the findings suggest that growth performance in Sahiwal calves is primarily influenced 
by management and environmental factors, while the effect of birth weight is limited to early life stages.

HIGHLIGHTS

mm Period of birth significantly influenced body weight and growth rate, indicating continuous 
improvement in management, nutrition, and breeding practices over time.

mm Seasonal effects were generally non-significant during early growth but showed some influence at 
later stages, particularly on growth rates.

mm Birth weight affected growth only during the early stage (up to 3 months), with no significant impact 
on later growth performance.

mm Overall growth in Sahiwal calves was steady and primarily driven by management and environmental 
factors rather than initial birth weight.
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Growth performance of heifers in cattle refers to the 
rate and efficiency of growth from birth to maturity, 
which significantly influences age at first calving, 
reproductive efficiency, and lifetime productivity. 



Meena et al.

18Print ISSN : 0974-1712 Online ISSN : 2230-732X

It is commonly evaluated using traits such as 
body weight gain and average daily gain, and is 
influenced by both genetic and non-genetic factors. 
Indian studies have demonstrated that period of 
birth, season of birth, and birth weight significantly 
affect growth performance of heifers of cows. The 
effect of period and season of calving on birth 
weight has been found to be highly significant, with 
calves born during the hot-dry season exhibiting 
higher birth weights compared to those born in 
the rainy season (Upadhyay et al. 2017). Similarly, 
studies on Gir cattle reported that both period and 
season of birth significantly influence birth weight, 
with higher weights observed in winter-born calves 
and lower weights during the rainy season (Parikh 
et al. 2022). Research on Tharparkar and Karan 
Fries cattle has shown that sire, period, and season 
of birth significantly influence growth traits, and 
that birth weight has a positive association with 
subsequent body weights (Ahmad et al. 2021). 
Therefore, optimizing calving period, managing 
seasonal stress, and ensuring adequate birth weight 
through improved maternal nutrition are essential 
strategies for enhancing growth performance 
of heifers under Indian conditions. This study 
was conducted to examine effect of period of 
birth, season of birth and birth weight on growth 
performance of Sahiwal heifers.

MATERIALS AND METHODS

Management of the animals

The study was carried out at the National Dairy 
Research Institute Farm in Karnal, Haryana. Calves 
were separated from their dams at birth, fed 
colostrum for the first five days, and then provided 
whole milk up to 30 days of age. Both male and 
female calves were reared together until six months, 
after which they were managed separately. Feeding 
was based on body weight in accordance with 
established nutritional standards. Heifers older 
than six months received 1.5 kg of concentrate per 
animal per day. Their dietary needs were fulfilled 
through a balanced ration consisting of concentrates, 
mineral mixture, and good-quality farm-grown 
green fodder along with other roughages offered 
ad libitum. Silage and hay were also provided 
during feed-scarce periods. At later stages, feeding 
schedules were adjusted according to age, body 

weight, and requirements for growth, maintenance, 
and production. The heifers were maintained under 
a loose housing system.

Statistical analysis

Data for the present study were collected over a 
ten-year period from 1996 to 2005. Body weights 
were recorded at birth and at 3, 6, 9, 12, 18 and 
24 months of age. To assess average growth rates, 
data were analyzed across the intervals of birth–3, 
3–6, 6–9, 9–12, 12–18, and 18–24 months. The entire 
duration was further divided into three periods 
consisting of three to four consecutive years: 
1996–1998, 1999–2001, and 2002–2005. Seasons of 
birth were categorized into three groups: summer 
(March to June), rainy (July to October), and winter 
(November to February). Birth weight was classified 
into four categories: less than 17 kg, 17–19 kg, 20–22 
kg, and more than 22 kg.
To find out the effects of period of birth, season of 
birth and different birth weight classes on growth 
performance of Sahiwal heifers, the following least 
squares model was fitted:

Yijkl = μ + Si + Pj + BWk + eijkl

Where,
Yijkl = Dependent variable
μ = Overall population mean
Si = Fixed effect of ith season (i = 1, 2, 3)
Pj = Fixed effect of jth period (j = 1, 2, 3)
BWk = Fixed effect of kth class of body weight (k = 
1, 2, 3, 4)
eijkl = Random error
R package ‘emmeans’, version 2.0.2 (Lenth, 2026) 
was used to perform the least squares analysis in 
R programming environment, version 4.5.1 (R Core 
Team, 2025).

RESULTS AND DISCUSSION

Body weights at birth, 3 months, and 6 months

The overall mean birth weight was 20.29 ± 0.14 kg. 
At 3 months, the average body weight increased to 
40.52 ± 0.49 kg, indicating strong early growth. By 
6 months, the average body weight reached 76.48 
± 1.01 kg (Table 1). The values reported for birth 
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weight in the present study are close to the values 
reported by most of the workers in female Sahiwal 
calves (Manoj, 2009; Yadava et al. 2010; Wakchaure 
and Meena, 2010).

Effect of season

Summer-born calves showed slightly higher body 
weights at all stages, with 20.48 ± 0.22 kg at birth, 
40.78 ± 0.70 kg at 3 months, and 76.98 ± 1.40 kg 
at 6 months. However, these differences were not 
statistically significant. Calves born in the rainy and 
winter seasons had similar growth patterns, with 
marginal differences from the summer group. This 
again suggests that environmental factors related to 
season do not significantly impact early calf growth 
in Sahiwal heifers. The non-significant seasonal 
effect may be due to the consistent management 
practices, such as feeding and housing that mitigate 
the potential negative impact of adverse weather 
conditions. Non-significant effect of season on birth 
weight was in accordance with Manoj (2009) in 
Sahiwal calves.

Effect of period

The calves from 1996-1998 had the lowest body 
weights at 3 months (38.51 ± 0.91 kg) and 6 months 
(72.80 ± 2.04 kg). The data revealed a significant 

effect of period on body weight at 3 months (p < 
0.01) and 6 months (p < 0.05). The significant effect 
of period at 3 and 6 months suggests that over time, 
the overall management, nutrition, or breeding 
strategies improved, leading to better growth during 
the second phase of early calf development. Yadava 
et al. (2010) observed non-significant effect of period 
of birth on birth weight in Sahiwal calves.

Effect of birth weight

The calves with birth weights < 17 kg had the lowest 
body weights at 3 months of age (38.26 ± 1.28 kg), 
while heavier calves (> 22 kg) had higher body 
weights both at 3 months of age (43.12 ± 0.93 kg) and 
at 6 months (77.23 ± 2.00 kg).There was a significant 
effect of birth weight on body weight at 3 months 
(p < 0.05), but no significant effect at 6 months.

Body weights at 9, 12, and 18 months

The average weight at 9 months was 101.45 ± 1.42 
kg, showing continued growth during the first 
year. By 12 months, calves weighed 134.29 ± 1.71 
kg, further confirming healthy development during 
the first year. At 18 months, the average weight 
increased to 197.42 ± 1.78 kg, suggesting a steady 
growth pattern in Sahiwal calves into their first 
year (Table 2).

Table 1: Least squares means and standard errors (SE) for body weights of Sahiwal female calves at birth, 3 and 6 
months of age

 Birth Weight  3 Month  6 Month
Overall Mean 20.29±0.14 (424) 40.52±0.49 (314)  76.48±1.01 (332)
Season NS NS NS

Summer 20.48±0.22 (165) 40.78±0.70 (120) 76.98±1.40 (134)
Rainy 19.80±0.28 (96) 40.45±0.81 (78) 76.20±1.79 (76)
Winter 20.58±0.22 (163) 40.33±0.70 (116) 76.27±1.48 (122)
Period NS ** *

1996-1998 20.52±0.28 (96) 38.51±0.91 (60) 72.80±2.04 (56)
1999-2001 20.43±0.26 (113) 39.08±0.80 (77) 79.05±1.53 (100)
2002-2005 19.91±0.19 (215) 43.98±0.59 (177) 77.60±1.27 (176)
Birth Weight  * NS

< 17 Kg _ 38.26 ±1.28 (29) 78.28±2.41 (40)
17-19 Kg _ 40.37±0.81 (74) 75.53±1.78 (75)
20-22 Kg _ 40.34±0.60 (157) 74.89±1.29 (160)
> 22 Kg _ 43.12±0.93 (54) 77.23±2.00 (57)
NS=Non-significant,* Significant at 5% level ,** Significant at 1% level.
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Effect of season

The calves born in summer showed the highest 
body weights at 12 months (136.35 ± 2.42 kg) and 18 
months (200.55 ± 2.53 kg).The calves born in rainy 
season had the highest body weights at 9 months 
(105.12± 2.64 kg). The seasonal effect on body 
weight was significant at 9 months (p < 0.05) but 
non-significant at 12 and 18 months. The significant 
effect of season at 9 months could be due to 
factors such as nutrient availability, environmental 
stressors, or management practices in different 
seasons, though these effects appear to diminish as 
the calves grow older and become more resilient to 
environmental changes.

Effect of period

The calves from 1996-1998 period had the lowest 
body weights at 9 months (96.77 ± 2.90 kg), 12 
months (131.86 ± 3.40 kg), and 18 months (189.75 ± 
3.56 kg).The calves from 1999-2001period showed 
better growth at 9 months (107.70 ± 2.21 kg). In 
the period 2002-2005, the highest body weights 
was recorded at 12 months (137.03 ± 2.18 kg), and 
18 months (204.89 ± 2.22 kg), particularly evident 
at 18 months. There was a significant effect of 
period at 9 months and 18 months (p < 0.01). This 
reflects improvements in breeding, nutrition, and 
management practices over time, which facilitated 

better growth and performance at later stages of 
calf development.

Effect of birth weight

There was no significant effect of birth weight on 
body weight at 9, 12, and 18 months. Regardless 
of whether the calves had a lower or higher birth 
weight, they exhibited similar growth patterns at 
9, 12, and 18 months. The present findings were in 
agreement with those of Manoj (2009) and Yadava 
et al. (2010) in Sahiwal heifers.
In conclusion, the study underscores the importance 
of period-specific management practices, while 
suggesting that seasonal effects are not significant 
at early and later stages of growth. Birth weight, 
while impactful at 3 months, does not appear to be 
a decisive factor for long-term growth in Sahiwal 
female calves.

Growth Rate (g/day) from Birth to 9 Months

The overall least squares mean for growth rate 
from birth-3, 3-6, 6-9 months were 231.17 ± 5.57 g/
day, 378.70 ± 8.23 g/day, and 267.73 ± 8.99 g/day, 
respectively (Table 3).

Effect of season

For birth–3 months and 3–6 months, the effect of 
season on growth rate was non-significant (NS), 

Table 2: Least squares means and standard errors (SE) for body weights of Sahiwal female calves at 9, 12 and 18 
months of age

 9 Month  12 Month  18 Month
Overall Mean 101.45±1.42 (278) 134.29±1.71 (303) 197.42±1.78 (304)
Season  * NS NS
Summer 101.53±1.90 (115) 136.35±2.42 (117) 200.55±2.53 (120)
Rainy 105.12±2.64 (54) 136.09±3.11 (64) 194.04±3.07 (74)
Winter 97.69±1.98 (109) 130.32±2.43 (122) 197.65±2.60 (110)
Period ** NS **
1996-1998 96.77±2.90 (42) 131.86±3.40 (53) 189.75±3.56 (53)
1999-2001 107.70±2.21 (76) 133.96±2.59 (92) 197.60±2.77 (85)
2002-2005 99.88±1.68 (160) 137.03±2.18 (158) 204.89±2.22 (166)
Birth Weight NS NS NS
< 17 Kg 104.13±3.15 (36) 136.79±4.03 (37)  201.11±4.32 (35)
17-19 Kg 98.70±2.36 (66) 134. 89±2.96 (69)  193.83±3.05 (72)
20-22 Kg 98.98±1.82 (133) 129.14±2.20 (147) 193.42±2.28 (146)
> 22 Kg 103.99±2.89 (43) 136.33±3.48 (50) 201.31±3.55 (151)

NS=Non-significant,* Significant at 5% level,** Significant at 1% level.
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suggesting that the early growth of Sahiwal calves 
is not influenced by seasonal variations, reinforcing 
the idea that early growth is largely determined 
by factors like nutrition and management rather 
than the season. A significant seasonal effect (p < 
0.05) was observed during 6–9 months period. The 
calves born in the rainy season exhibited the highest 
growth rate (300.97 ± 16.29 g/day), followed by 
those born in the summer (259.14 ± 12.00 g/day) and 
winter (243.10 ± 12.65 g/day). The higher growth 
rate during the rainy season may be attributed to 
better pasture quality or favorable environmental 
conditions during this time. Yadava (2009) also 
observed significant seasonal variation in growth 
rate during different growing stages in Sahiwal 
heifers. Singh et al. (2011) also reported significant 
effect of season of birth on growth rate during 6 to 
12 months of age in Vrindavani cattle.

Effect of period

The growth rate during the birth–3 months period 
was significantly higher in the 2002-2005 period 
(269.17 ± 6.79 g/day) compared to the earlier periods 
(Table 3). This improvement in growth may reflect 
advances in management practices, nutrition, and 
breeding strategies in the later years. No significant 
period effect was found during 3–6 Months phase, 
indicating that growth during weaning (3–6 months) 

was relatively stable across the different periods. 
For 6–9 Months, the period effect was significant (p 
< 0.01), with calves born in 1999-2001 showing the 
highest growth rate (283.81 ±13.68 g/day), followed 
by 1996-1998, and 2002-2005. Similarly, Yadava 
(2009) in Sahiwal heifers and Singh et al. (2011) in 
Vrindavani heifers also reported significant effect 
of period of birth on growth rate.

Effect of birth weight

For birth–3 months, the growth rate was significantly 
higher for calves born with lower birth weights (<17 
kg), showing a growth rate of 251.29 ± 15.14 g/day, 
compared to calves in other weight categories. 
This is likely a reflection of compensatory growth, 
where calves born smaller may have accelerated 
early growth to catch up. For 3–6 months and 6–9 
Months, there were no significant effects of birth 
weight on the growth rates during these periods. 
This suggests that once calves have passed the 
early stage of life, their growth rate becomes more 
dependent on factors like nutrition, management, 
and environment rather than birth weight.

Growth Rate (g/day) from 9 to 24 Months

The average growth rates during 9–12 Months, 
12–18 Months and 18–24 Months were 388.29 ± 

Table 3: Least squares means and standard errors (SE) for growth rate (g/day) during period of birth-3, 3-6 and 
6-9 months of age

 Birth – 3 Month  3 – 6 Month  6 – 9 Month
Overall mean 231.17± 5.57 (310) 378.70±8.23 (306) 267.73±8.99 (272)
Season NS NS *

Summer 234.80±7.81 (120) 373.44±11.77 (118) 259.14±12.00 (113)
Rainy 227.96±9.21 (75) 388.10±13.62 (76) 300.97±16.29 (54)
Winter 230.75±7.85 (115) 374.55±11.80 (112) 243.10±12.65 (105
Period ** NS **

1996-1998 207.77±10.14 (60) 380.21±15.55 (56) 281.72±18.98 (37)
1999-2001 216.57±8.91 (77) 383.14±13.45 (75) 283.81±13.68 (76)
2002-2005 269.17±6.79 (173) 372.74±9.81 (175) 237.69±10.36 (159)
Birth Weight ** NS NS

< 17 Kg 251.29±15.14 (25) 383.22±21.26 (29) 286.19±19.48 (36)
17-19 Kg 246.28± 9.00 (74) 382.33±13.75 (72) 253.49±15.07 (63)
20-22 Kg 216.43±6.62 (157) 366.10±10.14 (152) 258.11±11.38 (131)
> 22 Kg 210.69±10.33 (54) 383.15±15.83 (53) 273.17±18.02 (42)

NS=Non-significant,* Significant at 5% level, ** Significant at 1% level.
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11.46 g/day, 361.14 ± 7.00 g/day and 308.43 ± 7.32 g/
day, respectively (Table 4). The growth during 9–12 
Months reflects continued, robust growth from 9 
months onwards as calves move into their second 
year. The growth rate slowed slightly in the 12–18 
Months period, but it remains substantial, indicating 
that calves continue to grow well during their 
first year and beyond. The growth rate dropped 
further in 18–24 Months, indicating that the calves 
are nearing their mature size and growth begins 
to plateau.

Effect of season

A significant seasonal effect (p < 0.01) was observed 
during 9–12 Months period. Calves born in summer 
had the highest growth rate (425.28 ± 15.87 g/day), 
followed by calves born in the winter (375.80 ± 
15.83 g/day) and rainy season (363.79 ± 20.63 g/day). 
Summer-born calves might have access to better feed 
resources and a more favorable environment during 
this period. During 12–18 Months, the significant 
seasonal differences were again observed (p < 0.01), 
with winter-born calves having the highest growth 
rate (382.90 ± 10.03 g/day), followed by summer and 
rainy season calves. For 18–24 Months period, the 
seasonal effects remained significant (p < 0.05), but 
with rainy-born calves maintaining a reasonably 
higher growth rate (330.91 ± 12.38 g/day). Winter-
born calves showed the lowest growth rate (283.46 

± 10.62 g/day), likely due to harsher environmental 
conditions affecting their growth.
Similarly, Singh et al. (2011) also reported significant 
effect of season of birth on growth rate during 12 to 
18 and 18 to 24 months of age in Vrindavani cattle.

Effect of period

There was no significant effect of period on growth 
rate during 9–12 Months phase, suggesting that 
early management or feeding practices had a lesser 
impact on growth during this period. A significant 
period effect (p < 0.05) was observed for 12–18 
Months. The calves from the 2002-2005 period had 
a growth rate of 380.80 ± 8.74 g/day, which was 
significantly higher than calves from the earlier 
periods (1996-1998 and 1999-2001). This indicates 
that improvements in nutrition and management 
during the early years had a lasting effect on 
growth into the second year. For 18–24 Months, no 
significant period effect was observed during this 
phase, suggesting that once calves reach adulthood, 
their growth rate becomes more stable and less 
dependent on the period.

Effect of birth weight

There were no significant effects of birth weight on 
growth rates during 9–12 Months, 12–18 Months, 
and 18–24 Months periods. This reinforces the idea 

Table 4: Least squares means and standard error (SE) for growth rate (g/day) during period of 9-12, 12-18 and 18-
24 months of age

 9– 12 Month  12 –18 Month  18 –24 Month
Overall Mean 388. 29±11.46 (261) 361.14±7.00 (279) 308.43±7.32 (292)
Season ** ** **
Summer 425.28±15.87 (100) 371.08±9.93 (110) 310.92±10.45 (113)
Rainy 363.79±20.63 (54) 329.43±12.44 (62) 330.91±12.38 (72)
Winter 375.80±15.83 (107) 382.90±10.03 (107) 283.46±10.62 (107)
Period NS * NS
1996-1998 393.28±23.66 (38) 343.76±14.02 (48) 289.39±15.02 (47)
1999-2001 367.02±17.90 (70) 358.85±10.83 (79) 322.71±11.33 (80)
2002-2005 404.58±13.45 (153) 380.80±8.74 (152) 313.19± 8.87 (165)
Birth Weight NS NS NS
< 17 Kg 370.97±25.18 (34) 366.98±16.54 (34) 325.24±17.60 (34)
17-19 Kg 426.62±19.18 (61) 336.70±11.93 (67) 293.43±12.54 (68)
20-22 Kg 368.86±14.57 (128) 368.62±9.06 (133) 314.19± 9.38 (141)
> 22 Kg 386.71±23.97 (38) 372.24±14.03 (45) 300.86±14.34 (49)

NS=Non-significant,* Significant at 5% level, ** Significant at 1% level.
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that after the early stages of life, birth weight has 
little influence on the later stages of growth.
Overall, the study highlights the importance of 
seasonal and period-related factors in influencing 
growth rate, with season becoming a more important 
determinant as calves aged, particularly at 9 months. 
Improvements in management and nutrition over 
time also contributed significantly to the growth 
rates of Sahiwal calves.

CONCLUSION
The study concludes that Sahiwal female calves 
exhibit consistent and healthy growth from birth 
to 24 months of age. Period of birth plays a 
significant role in influencing body weight and 
growth rate, reflecting progressive improvements in 
management, feeding, and breeding strategies over 
time. Seasonal effects are generally minimal during 
early growth but become significant at certain later 
stages, particularly in growth rate. Birth weight 
significantly affects early growth (up to 3 months), 
likely due to compensatory growth in lighter calves, 
but does not have a lasting impact on long-term 
development. As calves mature, growth becomes 
more dependent on external factors such as nutrition 
and management rather than initial birth weight. 
Overall, the results emphasize the importance of 
adopting improved and consistent management 
practices to optimize growth performance in 
Sahiwal cattle, while seasonal variations and birth 
weight play comparatively limited roles beyond the 
early stages of life.
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