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ABSTRACT ' Fifty one Nili-Ravi dairy buffaloes in their last two months of gestation, were selected in NWFP Pakistan. 
Rectal palpation was carried out fortnightly, until the occurrence of first estrus. Ovulation was confirmed per rectum and 
milk progestetone levels (MPL). Body condition score (BCS) was recorded weekly. Milk samples were collected weekly for 
MPL and blood samples fortnightly for metabolites analysis. Milk yield was recorded and samples were collected for milk 
fat. The buffaloes calving during the normal breeding season (NBS, August to January) had short (p<0,01) postpartum estrus 
interval of 55.95±4.90 days versus 91.15± 11.61 days in the buffaloes calving during the low breeding season (LBS, 
February to July). MPL in the LBS calvers remained lower than NBS calves (p<0.01). The incidence of silent ovulation 
was higher during LBS as compared to NBS (70.6% versus 29.4%). MPL showed a pattern opposite to atmospheric 
temperature. In NBS calvers serum glucose levels were higher (p<0.01) and magnesium levels were lower (p<0.01) than 
LBS calvers. Higher serum urea was found in summer and spring than that autumn and winter (p<0.05). The reproductive 
performance in buffaloes calving in the LBS coincided with a low BCS (p<0.01). Fat corrected milk production (FCM) was 
higher in NBS than LBS (p<0.01) calvers. (Asian-Aus, J, Anim. Sci, 1999. VoL 12, No, 7 : 1025-1030)
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INTRODUCTION

Nili-Ravi is one of the best dairy buffaloes of the 
world with black color, well set head, hollow face, 
thick horns, long neck, short legs and a big prominent 
udder (Shah, 1991). Average milk yield is above 4082 
kg in 1% buffaloes and 1815 kg in 72% buffaloes, 
with 8% fat (Waheed, 1976). Reproductive performance 
of Nili-Rabi buffaloe is adversely affected by 
seasonality of breeding (Majeed et al., 1961; Shah and 
Shah, 1968). Seasonality of reproduction in dairy 
animals results in a reduction in milk suply during 
certain seasons of the year, hiderance in genetic 
improvement, decrease in the number of lactations and 
lactation peaks. In NWFP the year may be divided 
into four seasons i.e. autumn (August to October), 
winter (November to Januaiy), spring (February to 
April) and summer (May to July). The air temperature 
during the four seasons ranged from 8~39, -3~30, 
1 〜32 and 14—48°C, average humidity was 76.5, 79.0, 
72.9 and 70.8% and total rainfall was 107, 70, 228 
and 106 mm, respectively (Amin and Khan, 1994-95). 
The green fodder available is non-leguminous during 
autumn and summer and leguminous during the winter 
and spring. During the extreme cold and hot weathers 
fodder scarcity occurs. The present project was 
designed to study seasonality of reproduction and its 
association with non-nutritional factors in buffaloes 

kept under field conditions of the North-West Frontier 
Province (NWFP) of Pakistan, already described 
(Qureshi, 1995).

MATERIALS AND METHODS

Animals
Fifty one Nili-Ravi dairy buffaloes in their last two 

months of gestation were selected at seven peri-urban 
commercial farms located in the Central Valley of 
NWFP, 31-37° N and 65-74° E. Selected animals were 
ear-tagged. The farms were visited twice a week. 
Reproductive histoiy of the selected animals was 
recorded.

Clinical monitoring
After parturition, Rectal examination of reproductive 

organs was carried out on days 14 and 21, and then 
fortnightly, until the occurrence of the first estrus as 
described by Usmani et al. (1985). Position of the 
reproductive organs was recorded and the approximate 
size of the cervix, uterus and ovaries and the ovarian 
structures. Estrus detection was made twice daily, from 
15 days postpartum until resumption of estrus. In 
addition to visual signs, an intact bull was used for 
heat detection at each farm. Postpartum ovulation was 
confirmed by palpation of an ovulation depression, a 
very soft corpus luteum or luteal tissue embedded in 
the ovary.

Milk yield, progesterone assay and body condition 
scoring

Milk yield was recorded in kg per day, once a 
week, until 150th day after parturition. Fresh milk
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Table 1. Mean values ±SE of reproductive parameters in buffaloes during normal (NBS) and low breeding 
season (LBS)

Parameter Overall -
Calving period

NBS LBS

Placenta expulsion (hours) 5.46 ±0.92 (38)* 4.40±1.03a (23) 6.64 ± 1.51a (15)
Lochia discharge (days) 6.02 ±1.24 (50) 5.66 ±1.39- (29) 6.52 ± 2.2여 (21)
Postpartum uterine involution interval (days) 34.30±1.33 (50) 36.19±5.(X7전 (29) 31.52± 3.09흐 (21)
Postpartum estrus interval (days) 69.03 ±6.03 (35) 55.95 ±4.90b (22) 91.15±11.61a (13)
Postpartum corpus leteum interval (days) 59・37 土 4.76 (43) 55.24 ±5.77a (25) 65.11± 7.86a (18)
Conception rate (%) 45.10±6.97 (51) 43.33 ±9.05a (30) 47.62 ±10.90a (21)
a,b The value with different letters in the same row differ significantly (p<0.01).
* Values in parenthesis represent the number of observations.

samples were collected weekly, preserved in 0.1% 
sodium azide and stored at -20 °C until analysis for 
milk progesterone levels (MPL) using radio
immunoassay as described previously (FAO/IAEA, 
1993). Milk samples were used once a month for milk 
fat determination (AO AC, 1980). the yield was 
converted to 4% fat corrected milk (FCM), as 
suggested by Morrison (1949). Body condition score 
(BCS) was recorded at weekly intervals on a scale of 
0 to 5, using the procedure described by Peters and 
Ball (1987) for dairy and beef cows.

Analysis of blood samples
Jugular blood samples were collected fortnightly, 

beginning two months before parturition until the 
resumption of postpartum estrus or day 150 
postpartum. Samples were centrifuged at 3,000 rpm for 
10 minutes at 4°C, serum was collected and stored at 
-20 °C until analyzed for glucose, urea, protein, 
calcium, phosphorus and magnesium, using Clonital 
kits (Italy).

Meteorological data and statistical analysis
Details on daily maximum and mininium ambient 

temperature were collected from two stations of the 
University of Agriculture Peshawar for the whole 
experimental period. The data obtained were 
statistically analyzed with general linear model 
procedures (Steel and Torrie, 1980). The following 
models were adopted:

Model I. For comparing the effect of calving period 
on reproductive parameters (dependant variables)

Yij = u + + eij

Where
Yij = jth observation of the dependent variable during 

ith period of calving
u = population constant common to all records
a, = The effect of ith period of calving; i = NBS

and LBS
ejj = The random residual term associated with each 

Yij

Mod이 2. For comparing the effect of calving period 
and seasons on BCS, FCM and MPL 
(dependant variables)

丫业=u + a\ + 们 + eijk

Where
Yijk = kth observation of the dependent variable 

during ith period of calving and jth season
u 드 Population constant common to all records 
a\ = The effect of ith period of calving; i = NBS

and LBS
Bi = the effe어 of jth season; j = Autumn, winter, 

spring and summer
ejjk = the random residual term associated with each 

丫亦

RESULTS AND DISCUSSION

Seasonality of reproductive performance
The buffaloes calving during the normal breeding 

season (NBS, August to January), had short 
postpartum estrus interval (PEI) of 55.95 + 4.90 days 
while the interval was longer (91.15+11.61 days), in 
the buffaloes calving during low breeding season 
(LBS, February to July) (table 1). Postpartum milk 
progesterone levels during the LBS remained lower 
than those in the NBS (p<0.01). (table 2, figure 1). In 
spite of the higher incidence of estrus events (31.6%) 
and shorter postpartum uterine involution interval (33.4 
days) during sumer, the lower progesterone levels may 
be the cause of summer infertility. Shortest postpartum 
ovulation interval was noted during autumn, followed 
by winter, summer and spring (63.8, 77.5, 83.4 and 
126.1 days, respectively). Placenta expulsion duration 
was also shorter in NBS than LBS clavers. The 
incidence of silent ovulations was higher during LBS 
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as compared to NBS (70.6% versus 29.4%).
This study confirms earlier reports (Pasha et al., 

1986; Shah, 1990) that in Nili-Ravi buffaloes the 
incidence of estrus during autumn was highest, while 
lowest incidence was observed during spring in 
Pakistan. The breeding and calving seasons have been 
reported to be February to April and December to 
March (Perera et al., 1987) for Sri Lankan buffaloes 
and autumn and winter (Tailor and Jain, 1987) for 
Indian buffaloes, respectively.

Table 2. Effect of calving period and season on 
body condition score, production of fat corrected 
milk and milk protesterone levels (MPL) (least 
square means* ± standard error)

Group
Body 

condition
score 

(scale=0-5)

Fat-corrented 
milk 

(kg/day)

MPL 
(ng/ml)

Calving periods
NBS** 2.82±0.02a 15.31 ±0.33 검 1.97±0.30a
LBS*** 2.60±0.03b 13.55±0.22b 0.68±0.08b

Seasons
Autumn 2.91 士 0.03 즌 14.16±0.29a 0.84±0.72a
Winter 2.86±0.02a 14.24 ±0.34a 1.77±0.32b
Spring 2.61±0.03b 15.41 ±0.51a 3.00±0.12c
Summer 2.22±0.05c 13.96±0.53a 0.25±0.04c

* Means within a group in the same column with different 
letters, differs significantly from each other (p<0.01).

** Normal breeding season.
*** Low breeding season.

Factors related with seasonality of breeding
Annual meteorological status and milk protesterone 

levels in the experimental area are presented in figure 
2. Maximum ambient temperature started rising from 
20 °C in February to 46 "C in June. From June onward 
the temperature decreased. Milk protesterone remained 
at basal levels during May to July, started rising up to 
February and then declined. This trend was almost 
opposite to that of atmospheric temperature. The 
differences among the four seasons were significant 
(p<0.05) as shown in table 2. During start of the 
autumn the decreasing day-length and ambient 
temperature coincided with the commencement of 
breeding season in buffaloes. In NWFP summer period 
extends from May to July which is initally dry with 
ambient temperature reaching to a maximum followed 
by a decline up to December. In addition to the 
environmental heat stress, which resulted in low feed 
intake, feed during this period was also of low 
quality.

Similarly, in a study, maximum environmental 
temperature on the day after insemination was 
associated negatively with conception rate (Gwadzaukas

Days postpartum

—NBS y-LBS
Figure 1. Milk progesterone levels at various 
postpartum intervals in normal (NBS) and low 
breeding season calvers (LBS) (p<0.01)

Month 
-Terrperature -----------------------------

Figure 2. Annual maximum ambient temperature and 
milk progesterone concentration in buffaloes

et al., 1975). It has been suggested (Thatcher et al., 
1986) that a thermal stress-induced reduction in uterine 
serum flow would preferentially elevate uterine 
temperature and likely affect availability of water, 
electrolytes, nutrients and hormone to uterus. Such 
induced inhibitory responses, as a consequence of 
thermal stress, would have a high probability of
increasing rates of embryo death during early
pregnancy.

In the buffaloes calving during NBS, serum
glucose levels were higher (p<0.01) and serum protein
(p<0.05), urea (p<0.01), calcium (p<0.01) and
magnesium levels were lower (p<0.01), as compared to 
those calving in LBS (tables 3, 4). Highest serum urea 
was found in summer and spring than that in autumn 
and winter (p<0.05). Serum calcium levels were 
highest during autumn (p<0.01) while serum 
magnesium and phosphorus levels were not effected by 
season.

The present findings confirms previous study in 
which hypoglycemia was found to be associated with 
a reduced fertility in beef and dairy cattle (McClure,
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Table 3. Effect of calving period and season on serum metabolites concentrations (least square means* ± 
standard error)
Group Serum glucose (mg/100 ml) Serum protein (g/1000 ml) Serum urea (mg/100 ml)
Calving periods

NBS** 59.23 ±0.82a 81.45 ±0.79d 31.69± 1.43d
LBS*** 55.15 ±1.21b 84.44 ±0.96a 39.42 ±2.16a
Probability p<0.01 p<0.05 p<0.01

Seasons
Autumn 59.23 ±1.36aD 85.32±1.12 36.35 ±29坪
Winter 56.04 ±1.01b 80.80±1.03 29.86 ±1.96b
Spring 60.91 ±2.17a 82.21 ±1.52 38.62±2.95 흔
Summer 55.63 ±1.44b 83.32±1.24 40.15 ±2.53a
Probability p<0.05 Non-significant p<0.05

* Means within a group in the same column with different letters, differs significantly from each other.
** Normal breeding season. *** Low breeding season.

Table 4. Effect of calving period and season on serum mineral concentrations (least square means* ± standard 
error)
Group Serum calcium (mg/100 ml) Serum magnesium (g/1000 ml) Serum phosphorus (mg/100 ml)
Calving periods

NBS** 6.45±0.21b 21.70 ±0.60° 4.42 ±0.15
LBS*** 8.05±0.17a 28.64 ±0.99a 4.98±0.21
Probability p<0.01 p<0.01 Non-significant

Seasons
Autumn 8.35 ±0.23 드 23.61 ±1.34 4.49 ±0.22
Winter 5.94±0.24b 24.65+0.82 4.82±0.18
Spring 7.95 ±0.35 거 21.45±1.16 4.22 ±0.33
Summer 7.28 ±0.28* 26.59±1.21 4.62±0.32
Probability p<0.05 Non-significant Non-significant

* Means in the same column with different letters from each other.
** Normal breeding season. *** Lqw breeding season.

1968). Similarly, high serum urea has been suggested 
to impair fertility (Fergusson et al., 1991). In a study 
on 12 cows (Tegegnae et al., 1993) plasma total 
protein, albumin and globulin were not influenced by 
feeding regimes, nor did they differ between cyclic 
and acyclic cows. However Veerapandian et al. (1992) 
reported that serum glucose and serum total protein 
concentrations were significantly low in anestrous 
buffaloes. Sekerden et al. (1992) reported that in 
Jersey cows, serum calcium levels were not correlated 
to conception rates at first insemination, however, 
favorable effects of magnesium on reproduction have 
been reported by Gabryszuk (1994). In rural Indian 
cows (Satish-Kumer and Sharma, 1991) and Egytian 
buffaloes (El-Belely et aL, 1994), plasma phosphorus 
concentrations were markedly higher in animals that 
conceived as compared with those that did not. The 
low reproductive performance in the LBS calvers 
coincided with a low BCS, (2.60 versus 2.82, p<0.01). 

figure 3 shows that more animals in the higher BCS 
were available during NBS and more animals with 
lower BCS were available during LBS. BCS tended to 
increase from July onward reaching its peak in 
October and then declined up to June (figure 4). The 
increasing score coincided with the commencement of 
breeding season, the constant increase in BCS in 
autumn and early winter, apparently due to the 
increasing metabolizable energy, seems to support 
commencement of reproductive activities during this 
period. In addition to supporting enhanced reproductive 
performance, the increasing BCS supported increasing 
milk production from June onward. It confirms the 
findings of O'Rourke et al. (1991) and Derouen et al. 
(1994) on cows and Jainudeen and Wahab (1987) on 
buffaloes.

Fat-corrected milk production of the NBS calvers 
was higher than that of the LBS calvers (15.31+0.33 
versus 13.55 土 0.22 kg/day, p<0.01). As the protein
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Figure 3. Distribution of buffaloes on the basis of 
body condition score (BCS) during normal (NBS) 
and low breeding season (LBS)

Figure 4. Annual pattern of body condition score 
(BCS) and 4% fat-corrected milk production (FCM) 
in buffaloes

(규읗-듣0

and minerals intake in this study was above 
requirements and was associated with adverse effect on 
reproductive performance (Qureshi et al., 1998), higher 
milk production in the NBS calvers was associated 
with better reproductive performance. Highest 
production was recorded during spring, followed by 
winter, autumn and sumer. However the difference 
among the four seasons was not significant.

It was concluded that Nili-Ravi buffaloes show a 
seasonal pattern in breeding, commencing from August 
up to January. Onset of breeding season was 
associated with decreasing atmospheric temperature, 
increasing BCS and milk production, high serum 
glucose levels and low serum urea, protein, calcium 
and magnesium levels.
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