
RIVER BUFFALO
P.N. BHAT and V.K. TANE3A

INDIAN VETERINARY RESEARCH INSTITUTE 
IZATNAGAR, U.P. (INDIA) - 243122.

ooooo

SUMMARY

Information on performance parameters of riverine breeds of buffaloes has 
been examined to identify potential for milk, meat and work. Murrah and Nili-Ravi; 
the large size breeds, have the highest milk production. Selection based on progeny 
tests on single herd basis has not yielded desired results. No worthwhile field recording 
programmes have been initiated. Small herd size and poor economic status of the 
farmers have been the serious limitations in these programmes. Possible ways for 
undertaking these have been suggested. The need for undertaking research on develop
ment of appropriate methodology for sire evaluation under field conditions has been 
stressed. Use of multiple ovulation and embryo transfer technique to increase selection 
response has been suggested. Crossing among riverine and river x swamp breeds has 
resulted in significant improvement in milk yield and reproduction parameters. Breed 
comparisons of Indian, Pakistani, Egyptian and European breeds need to be made 
for developing programmes of improvement. It has been recommended that surplus 
male calves could be used for quality meat production using feed lot technology.

INTRODUCTION
The domestic or water buffalo (Babalus bubalis) has descended from the arni 

or wild Indian buffalo, and is widely distributed throughout Southern Asia. Although 
water buffaloes were depicted in India and Mesopotamia as early as 2,500 BC, their 
use as domestic animals for milk, meat and draft seems to be comparatively recent. 
The domestic buffalo can mainly be classified as river and the swamp type. They 
belong to the same species but have different habitats. Swamp buffalo has 48 chromo
somes, the river, 50. They interbreed to produce fertile hybrid progeny. The swamp 
buffalo is mainly a draft animal which has swept-back horns and is found principally 
in eastern half of Asia. The river type buffalo usually has curled horns and is found 
in western half of Asia, Brazil, parts of USSR, Italy and a few East European count
ries. It prefers clean water, rivers, irrigated canals and ponds to wallow. This type 
has specially been developed for milk production with high fat content and is docile.

The river buffalo has some of the best milch breeds of the world-Murrah, Nili- 
Ravi and Surti in India, and Nili-Ravi and Kundi in Pakistan. The Egyptian and Italian 
buffaloes also have high potential for milk. Some other breeds of this type found 
in India are Jaffarabadi, Bhadawari and Mehsana which are primarily used for milk 
but could also be classified as dual purpose breeds. On the basis of body size; Murrah, 
Nili-Ravi, Egyptian and Italian could be classified as large size breed, Surti and Bha
dawari as medium size breed and Kundi as small size breed.

The river buffalo constitutes around 65% of the total world buffalo population 
of 122 million (FAO, 1982) and account for 92% of the total milk produced (Table 
1). India alone contributes 53% of total milk. Major concentrations of river buffalo 
are in India (62 million), Pakistan (12 million) and Egypt (2.5 million). The Indian 
buffalo on an average produces around 1,000 kg milk in a lactation. A Murrah buffalo
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produces 1,360 to 2,270 kg during its 9-10 months lactation, while some may yield 
as high as 4,500 kg or more. Buffalo milk contains 6-7 per cent fat.

Table 1 : Milk and meat production in buffaloes in metric tonnes
Country Numbers

(million)
Milk
production

Numbers
slaughtered
(million)

Meat
production

India 62.000 18.000 0.940 0.132
Pakistan 12.046 6.525 2.205 0.185
Egypt 2.450 1.298 1.118 0.140
Italy 0.108 0.068 - -

Greece 0.002 - - -

Romania 0.222 - 0.063 0.013
Yogoslavia 0.062 - - -

USSR 0.330 - - -

Turkey 1.002 0.307 0.132 0.026
Iran 0.220 0.039 0.060 0.009
Iraq 0.240 0.033 0.030 0.005
Syria 0.002 0 . 0 0 1 - -

Brazil 0.570 0.028 - -

World 122.053 28.480 9.317 1.352
Buffalo has the ability to efficiently convert coarse feeds like straws and agro

industrial byproducts to milk and meat. Therefore, in countries which use plant to 
human food chain to support large human population, buffalo shall continue to play 
a significant role to meet the animal protein requirements of human population. 
The information with regard to growth, reproduction and production parameters and 
selection studies across various breeds has been reviewed and methods for improve
ment in this species have been suggested.
Growth

The birth weight in large breeds was between 27 and 41 kg (Ragab and Abd-El- 
Salam, 1962; Singh et_ al_., 1971; Nautiyal and Bhat, 1977; Basu and Rao, 1979) and 
was higher in males than females. Significant effect of month, year, season, sex, 
sire and seouence of calving has been reported on birth weight (Bhalla et_ ah, 1967; 
Galal and Fahmy, 1969; Tomar, 1969; Misra et ah, 1970; Singh et ah, 1971; Nautiyal 
and Bhat, 1979). The heritability estimates were reported to be between 0.12 and
0.32 (Ragab and Abd-El-Salam, 1963; Tomar and Desai, 1967; Tomar, 1969; Rathi, 
1970; Basu and Rao, 1979). Nautiyal and Bhat (1979), however, reported a higher 
estimate of 0.56±0.09 for this trait.

Information on weight at first calving is scanty. The weight at first calving 
in Murrah buffalo ranged between 477 and 525 kg (Singh 1967; Gokhale, 1974, Kanau- 
jia, 1978). Singh and Desai (1962) reported the adult body weight in Bhadawari buffa
loes as 425 kg. Tomar and Desai (1969) reported the heritability estimate of 0.34±0.14 
for this trait.

The growth curve from birth to 36 months of age in Indian buffaloes followed 
a linear trend with average daily gain of 548 g between 3 and 6 months and 404 
g between birth and 36 months (Nautiyal and Bhat, 1977). The period of first six 
months can be economically utilised in the feed lot for obtaining maximum growth 
rate.
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Reproduction

The reproductive traits generally studied are number of services per concep
tion, number of calves produced per unit of time, age at first calving, and calving 
interval. These have been used to measure the breeding efficiency.

Bhat et_ al. (1983) observed that buffalo cows continue to come in heat regular
ly in all the months with the highest being in October and lowest in April (Table 
2). There were no differences between months and between seasons with regard to 
percentage of animals exhibiting oestrus and subsequent conception. The view earlier 
held that there was seasonality in conception (Goswami and Nair, 1964; Rao and Rao, 
1968; Roy et̂ al_., 1968) due to seasonal variation in oestrus cycle pattern therefore 
stands rejected. The lower conception rate during summer months (April to September) 
was attributed to poor semen quality of buffalo bulls. The use of frozen semen during 
these months has been recommended to overcome lower conception.
Table 2 : Month and 

buffaloes
season wise occurrence of heat and conception rate in Murrah

Month of Heat (%) Conception rate
insemination (%)
January O 25̂ 5
February 8.3 26.2
March 7.2 25.2b 23.6 23.6b
April 5.9 19.6
May 7.4 19.8
June 7.4 24.8C 16.2 19.6C
July 7.1 17.3
August 7.2 18.2
September 8.1 28.6 d 21.2 22.0a
October 13.1 24.3
November 10.3 28.3
December 9.2 28.8a 24.9 26.5a
a, Winter (November to January); b, Spring (February to April); c, Summer (May to 
July); d, Autumn (August to October).

Age at first calving : Late age at first calving is a general phenomenon observed 
in buffaloes. This appears to be a breed character. The average age at first calving 
was 40-44 in Murrah and Nili-Ravi (Gokhale, 1974; Sreedharan and Nagarcenkar, 1978; 
Johari and Bhat, 1979; Reddy, 1980), and above 40 months in Egyptian buffaloes (El- 
Sheikh, 1967; Alim, 1978). In Surti, Bhadawari and Nagpuri buffaloes, the age at first 
calving was slightly higher, 48-54 months. The heritability estimates for this trait 
varied between 0.12 and 0.34 (Reddy, 1980; Mangrurkar and Desai, 1981; Kalsi and 
Dhillon, 1982; Gurung and Johar, 1983).

Calving interval s The average first calving interval in Murrah, Nili-Ravi and 
Egyptian buffaloes varied between 480 and 508 days (Alim, 1978; Johari and Bhat, 
1979; Reddy, 1980). The overall calving interval, however, was lower, 430-457 days 
(Kanaujia et_ ah, 1975; Lall, 1975). Most of the heritability estimates reported for 
this trait were low and non-significant.
Production

Lactation milk yield : The average first lactational milk yield in Murrah buffa-
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loes was 1,540 to 1,868 kg (Gokhale, 1974; Bhalaru and Dhillon, 1978; Sreedharan 
and Nagarcenkar, 1978; Patro and Bhat, 1979; Reddy, 1980). The first lactation yield 
in Nili-Ravi (1,707 kg) was almost equal to that of Murrah. Alim (1967) reported 
the lactation milk yield to be 1,771 kg in Egyptian buffaloes. However, Fahmy et̂ 
al. (1975) reported a range of 1,360 to 2,267 kg for this breed. The first lactation 
averages for Bhadawari (1,165 kg), Nagpuri (926 kg) and Surti (1,364 kg) were low 
(Table 3). Most of the heritability estimates for first lactation milk yield in Murrah 
buffaloes ranged from 0.08 ± 0.04 to 0.19 ± 0.08 (Bhalaru and Dhillon, 1978; Oohari 
and Bhat, 1979; Pandey, 1983). The heritability estimate for Nili-Ravi was 0.28 ±
0.20 (Bhullar, 1974).
Table 3 : Performance parameters pertaining to first lactation for some important 

breeds of buffaloes

Breeds
Age at first 

calving 
(months)

Lactation 
milk yield 

(kg)

Lactation
length
(days)

Calving
interval
(days)

Yield per 
day of 

calving (kg)

Murrah 42.6 ± 0.3 1,635 ± 23 296 ± 3.2 483 ± 7.0 3.4
Nili-Ravi 41.4 ± 0.4 1,707 ± 30 306 ± 4.4 509 ± 10.1 3.3
Surti 41.4 ±12.2 1,460 ± 23 315 ± 9.0 538 ± 23.0 2.7
Bhadawari 48.3 ± 1.8 1,165 ± 28 276 ± 2.2 456 ± 10.0 2.6
Nagpuri 53.5 ± 0.8 926 ± 17 295 ± 4.1 - -
Pakistani 48.0 1,811 ± 9 281 ± 0.5 506 ± 4.0 3.6
Nili-Ravi
Egyptian 39.9 ± 0.2 1,659 ± 63 325 508 ± 0.5 3.3

Lactation length : The first lactation length in Murrah was around 300 days 
(Gokhale, 1974; Basu and Ghai, 1978; Reddy, 1980) while in Nili-Ravi it was slightly 
higher (323 days). In Bhadawari, Nagpuri and Surti, it was between 276 and 295 days 
(Singh and Desai, 1962; Belorkar at̂ ah, 1977). Alim (1967) reported the first lactation 
length as 325 days in Egyptian buffaloes. Oohari and Bhat (1979) reported heritability 
estimate of 0.11 ± 0.04 for this trait. Most of the other estimates were low with 
high standard errors.

It may be mentioned that in many studies there was confounding of sires with 
farms and years. Corrections, therefore, for farms and years would reduce the sire 
variance. These limitations have not been pointed out by most workers while reporting 
the genetic parameters.
Selection indexes

Tomar (1969) constructed several selection indexes based on body weights 
and production traits. Index with weight at 6 months, 1 year, age at first calving, 
peak yield lactation milk yield and weight at first calving gave maximum relative 
efficiency. Kanaujia (1972) combined six first lactation traits, viz. age and weight 
at calving, milk yield, lactation length, dry period and service period in various ways 
to find out a suitable criteria for selecting buffaloes for overall economic efficiency. 
The results revealed that equation combining age at calving, lactation milk yield 
and service period gave the highest efficiency. Gokhale (1974) constructed selection 
indices using part lactation yield, first lactation yield and age and weight at first 
calving. Inclusion of weight and age at first calving improved the efficiency of selec
tion. Selection index with age and weight at first calving, and 120 days' lactation 
yield gave an expected genetic gain of 7 per cent per generation in 120 days' milk
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yield. Oohari and Bhat (1978) suggested that for improving milk yield and other econo
mic traits, sequential selection would be more useful. The heifers should be selected 
at one year of age using an index incorporating weights at birth, 6 and 12 months, 
followed by selection at calving using weights at 6 months, 12 months, at first calving 
and age at first calving. After the information on first lactation milk yield becomes 
available, an index incorporating body weights, age at first calving, first lactation 
milk yield and lactation length could be used. They suggested that reproductive traits 
can be improved through better feeding and improved sexual health control.
Response to selection

Alim (1953) estimated the genetic gain for milk yield through dams of buffalo 
cows and bulls as 5.7 and 13.4 kg., respectively, in a herd of Egyptian buffaloes. 
The total generation length through four paths was 27 years and annual gain in milk 
yield was 0.71 kg (0.04% of the herd average). Asker et_ aL (1955) did not observe 
any effect of selection for age at first calving or calving interval in Egyptian buffa
loes over a period of 20 years. Genetic improvement in milk yield from selection 
of dams of heifers was 60.3 kg per generation. The annual genetic gain in milk yield 
was 8.1 kg which was 0.8% of the herd average. Since most of the males used in 
the herd were introduced from outside, information on their dams was not available, 
and therefore, the genetic improvement through selection of dams of bulls could 
not be estimated.

Agarwala (1956) estimated the annual genetic gain in butter fat yield in a herd
at Allahabad as 0.10 kg which was about 0.1% of the average first lactation butter
fat yield of 95.9 kg. Reddy (1980) estimated genetic gain in milk yield in a Murrah 
herd at Military Farm, Oabalpur. The estimates of genetic superiority through four 
paths : sire to daughter, sire to son, dam to daughter and dam to son were 7.91, 
4.91, 80.45 and 438.94 kg which were equal to 1.49, 0.92, 15.12 and 82.47 percent 
of the total.In this study, the genetic contribution from dam to daughter path (15.12 
%) was much higher than sire to daughter path (1.49). The highest genetic superiority 
through dam to son path (82.47%) showed that maximum emphasis on dam's perform
ance was given in selection of bulls. The annual genetic gain in 300-day first lactation
milk yield was 15.88 kg which was equal to 0.99% of the herd average of 1,611.26
kg. Singh (1983) estimated the annual genetic gains for milk yield using progeny test
ing, half-sib testing, pedigree and individual selection for population sizes of 400, 
1,600 and 10,000 buffaloes. An increase in genetic gain with increase in population 
size was noted in progeny testing and half-sibs methods. The annual genetic gains 
for herd size of 10,000 were estimated as 1.04, 1.00, 0.07 and0.06 per cent of the 
herd average, respectively. Gain from half-sib testing was almost equal to progeny 
testing because of smaller generation interval in half-sib testing. Expected gains 
from pedigree and individual selections were negligible.

Most of the studies reviewed above indicate that selection of both bulls and 
heifers was done on the basis of dam's performance. For making improvement in 
milk yield, it is essential that outstanding bull mothers are selected and progeny 
testing of young bulls is taken up to maximise the rate of genetic gain.

Considering a heritability estimate of 0.15 for milk yield in 300 days and diffe
rent selection intensities (culling at 10, 20, 30 percent of herd), the improvement 
( A G) per year will be between 3.76 and 9.60 kg (Table 4). It may be mentioned that 
dp will vary from herd to herd depending upon the variability in the population. 
Assuming a generation interval of 7 years with selection intensity of 0.34 (20% culling) 
which is rather high for buffaloes where calf mortality is high, it will take around 
150 years to double the milk production in a herd with an average lactation yield 
of 100 kg.
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Table 4 : Rate of genetic improvement in milk yield

% culled i h2 <Tp
A G per 
genera
tion (kg)

A G per 
year
0<g)_______

10 0.195 0.15 900 26.33 3.76
20 0.340 0.15 900 45.90 6.56
30 0.498 0.15 900 67.23 9.60

All-India Co-ordinated Research Project on Buffaloes
An All-India Co-ordinated Research Project on Buffalo Improvement was initiated 

by Indian Council of Agricultural Research in 1970-71. Two centres each for Murrah 
and Surti were established at different locations in the country. The detailed object
ives and the breeding programme of the project were described by Nagarcenkar (1978). 
The project envisaged evaluating buffalo bulls both under farm and field conditions. 
A number of bulls of the two breeds with 20% superiority above their contemporary 
average have been identified and these are being used for improvement of the herd 
and in elite matings for production of young bulls for testing. Elite dams with more 
than 2,000 kg milk for Murrah and 1,200 kg for Surti have been identified and used 
in mating with the tested bulls.

Performance of river x swamp buffalo crosses
In Gujrat (India) farmers have been breeding Surti buffalo cows with Murrah 

or Oaffrabadi bulls. Mehsana, a buffalo breed, is said to have been evolved from 
crossing of Surti buffalo cows with Murrah bulls. A pilot study on crossing Surti 
females with Murrah bulls was undertaken at NDRI, Karnal (Table 5). Murrah and 
Surti buffaloes were raised contemporarily. In crossbreds, a significant increase in 
milk yield and improvement in reproduction traits was observed (Basu and Sarma,
1982). In terms of efficiency of milk production (Milk yield per day of calving inter
val), the crossbreds (3.4 kg) were even better than the Murrah (3.2 kg). In Bulgaria, 
crossing of native Bulgarian females with Murrah buffalo males imported from India 
was initiated in 1962. Murrahs were superior to Bulgarian buffaloes both for body 
weights and milk yield while the Murrah x Bulgarian crosses were close to Murrah 
for body weights at different ages (Table 6). The milk yield and total fat in the 
crossbreds were close to mid-parent value (Nagarcenkar, 1976).

Table 5 : Performance of Murrah, Surti and their crosses
Traits Murrah Murrah x Surti Surti

Age at calving (months) 42.0 41.0 48.2
Milk yield 305-days (kg) 1,471.5 1,415.6 1,109.8
Lactation length (days) 324.1 321.2 294.9
Dry period (days) 157.9 106.7 165.1
Calving interval (days) 468.9 411.3 487.8
Efficiency of milk production 
(kg per day)

3.2 3.4 2.3

Chantalakhana (1978) reported the performance of imported Murrah, Nili-Ravi 
and their crosses with swamp buffaloes in South-East Asian countries. Murrahs adapted 
well to the local environmental conditions, levels of feedings and management and 
produced about two to three times more milk than the swamp buffalo cows. The 
crossbred buffaloes were superior in working ability to the swamp type and were
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Table 6 : Performance of Murrah, Bulgarian and their crosses
Traits Murrah Bulgarian Fj Murrah x 

Bulgarian
Weight at birth (kg) 34. 1 ± 0.4 31. 9 ± 0.2 34.3 ± 0.2
Weight at 6 months (kg) 170. 1 ± 1.7 132. 3 ± 0.8 160.2 ± 2.7
Weight at 24 months (kg) 508. 4 ± 6.8 432. 8 ± 6.2 507. 6 ± 5.7
300 day milk yield (kg) 1,822. 8 ± 75.7 1,197. 6 ± 13.2 1,491. 5 ± 18.7
300 day fat yield (kg) 145. 2 ± 7.2 91. 4 ± 1.1 113. 9 ± 1.1
Lactation length (days) 306. 2 ± 14.7 296. 8 ± 4.9 288. 0 ± 5.1
Dry period (days) 156. 3 ± 19.7 151. 1 t 3.8 156. 4 ± 5.2
Fat (%) 7.95 7.59 7.64

nearly equal in milking ability to the Murrah. Age at first calving in Murrah breed 
in these countries was between 4 and 4.5 years. However, in crossbred buffaloes, 
it was around 3.2 years (Eusebio, 1975). Murrah generally produced 3.5 to 5 kg of 
milk per day during their 200-300 days of lactation.

Wang Pei-Chien (1978) reported the performance of Murrah (imported from 
India), Nili-Ravi (from Pakistan) and their crossbreds with local swamp buffaloes 
of China. Milk yield in Murrah born and reared in China for an average Lactation 
period of 213 days was 1,382.9 kg. In general, the performance of Murrah grades 
was satisfactory. They were heavier and stronger than the local animals, especially 
in the hind-quarters, good for working and produced more milk. Triple crosses have 
also been produced in China using Niii-Ravi bulls to breed progenies of Murrah x 
local F . cows. The average body weight in these crossbreds at 6 months of age was 
over 2(70 kg with body weight being 300 and 450 kg at 1 and 2 years of age. An 
average daily weight gain of 900 g was achieved in these triple crosses.

In Sri Lanka, upgrading of local buffalo cows with Murrah and Surti from India 
resulted in a significant increase of approximately 290% in milk yield over the local 
buffaloes, where the milk production was around 355 kg per lactation (Jalatge, 1982). 
Murrah were superior to grade Murrah only by 241 kg (16%) in milk production with 
no apparent difference in lactation length. Assuming a generation interval of 6 years 
and a turnover of 5 generations, one could expect an improvement of approximately 
34 kg milk per year through the upgrading programme which is highly satisfactory.

MEAT PRODUCTION
Buffalo meat is usually eaten in all Far and Near East countries. It generally 

commands a ready sale, though sometimes it is regarded as inferior to beef and 
is sold at a lower price. Buffalo meat in most of the countries is produced and hand
led under very unsatisfactory conditions and mostly old buffaloes, unfit for economic 
milk production or work, are slaughtered. The dressing percentage in such cases 
is low, being about 43-47%. According to FAO (1982), 9.32 million buffaloes were 
slaughtered to produce 1.35 million metric tonnes of buffalo meat. The average 
carcass weight was 145 kg. Of the total buffaloes, 87% were slaughtered in Asia 
to produce 1.20 million metric tonnes of meat. Pakistan and China alone contributed 
72,000 metric tonnes of meat.

Certain European countries and most notably Italy, Bulgaria, Czechoslovakia 
and USSR have done valuable research in buffalo meat production in recent years. 
Buffaloes in these countries are fed for slaughter at 16 to 20 months when they
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weigh 350 to 400 kg. The dressed carcass percentage is then 51-60. Meat quality 
is good and the flavour is indistinguishable from that of beef (Alim, 1967; Dzaf- 
raov, 1968). In Trinidad, Indian breeds like Murrah, Surti, Jaffarabadi, Nili-Ravi 
and Bhadawari were crossed with native buffaloes and crossbred progeny raised for 
beef production (Rastogi et ah, 1978). An average group weight of 476 kg at 2 years 
of age was attained in these crosses, giving a daily weight gain of 512 g. Higher 
rates of gain between 900 and 1,150 g per day was achieved in China and USSR, 
and the carcass dressed out between 52 and 62%. The buffalo meat was as palatable 
as beef sold in the market (Dzafraov, 1968; Wang Pei - Chien, 1978).

Palatability of cooked meat of water buffalo, local crossbred Jamaica Red 
X Sahiwal steer and European beef steer was studied. It revealed that water buffalo 
meat scored an average of 76.6 points vs. 70.7 and 69.3, respectively, for the local 
and imported beef. The buffalo meat was considered to be of attractive colour, 
fresh and tasty (Wilson, 1961). Buffalo veal is considered a delicacy. Calves are 
usually slaughtered for veal between 3 and 4 weeks of age; the dressed percentage 
was 59-66%.

The potentialities of buffaloes as meat animal to meet the present and future 
requirements of rapidly growing population in Asian countries deserve special atten
tion, because of its capacity to convert coarse roughages and other cereal byproducts 
into meat economically. Although buffaloes are being used for meat in these count
ries, there are no feeder/slaughter grade. There is, an urgent need to produce these 
types.

WORK
The river buffaloes are primarily used for milk and meat. Draft power is of 

secondary importance. In Near East and South Asian countries, oxen are preferred 
to buffaloes for work as bullocks can withstand solar radiation and high temperature 
much better than buffaloes. It is only in Bangladesh, Eastern parts of India and parts 
of southern peninsula, where rainfall is above 150 cm and rice is the main crop, 
that the buffaloes are used as work animals. The working buffaloes are slower than 
oxen in movement. They usually cover 3.2 km per hour against 4.8 to 6.4 km per 
hour by draft bullocks. However, the buffaloes can draw heavier loads than oxen 
(Fahimuddin, 1975). No scientific reports are available on the working capacity of 
different breeds of buffaloes. It is, therefore, essential that draft capacity of various 
breeds of river buffaloes used for milk should be investigated. The improvement 
or otherwise in draft capacity as a consequence of selection for milk also needs 
to be investigated.

DISCUSSION
River buffaloes in countries like India, Pakistan and Egypt, though smaller 

than cattle in numbers, countribute more than 60% of milk and have a greater role 
to play in meeting the animal protein requirement of human population through milk 
and meat. Management and breeding practices at farmer's level have remained un
changed for centuries, and no systematice attempts have been made for improvement 
of this species. In the past, some institutional farms were established for production 
of improved bulls but numbers produced were much lower than those required for 
developmental activities. Progeny testing programmes undertaken on single herd 
testing basis were also not rewarding because of small herd size. No semen freezing 
facilities were available at these farms to store the semen of test bulls. Unfortu
nately, in most cases, the test bulls did not survive till the time ranking of sires 
became available. In the countryside, most farmers have only 2-3 buffaloes. Small
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herd size and poor economic status of the farmers has been a major hinderance 
in undertaking any improvement programme in the field.

For genetic improvement in this species, the possible choices before us are 
: (i) upgrading of poor yielding/non-descript buffaloes with bulls of superior breeds,
(ii) selection within improved breeds for milk and meat using progeny testing and
(iii) crossing between breeds to develop new strains/breeds. For implementing options 
at (i) and (ii) we need to screen a large number of bulls with accurate information 
on their breeding values, and use the best ones so that a reasonable intensity of 
selection can be achieved. For this a large field recording programme with farmer's 
participation on cooperative basis needs to be developed and undertaken in areas 
having a large buffalo population of around 10,000. All buffaloes in the programme 
need to be identified, registered and a system of providing regular health care and 
performance recording developed. In order to meet the requirement of bulls, bull 
mother farms should be established where young males from high yielding dams 
available with the farmers can be purchased and reared at this farm. Sequential 
selection in these bull calves should be practised using body weights, growth rate, 
production records of dams and semen test (Bhat, 1977). The bulls clearing the semen 
test should finally be used in test matings. At this stage elite buffaloes (about 25% 
of those included in the programme) producing more than 2,000 kg of milk should 
be identified and used for production of young bull calves using progeny tested sires 
and the remaining animals should be used in the test mating programme. The semen 
of ail test mated bulls should be frozen and stored. These programmes of progeny 
testing in different areas should be coordinated regionally or centrally. There is 
also a strong need for undertaking research to develop appropriate methodology 
for sire evaluation under field conditions.

A maximum genetic gain of 1 to 1.5% in milk yield using intense selection 
of bulls under progeny testing is possible. Multiple ovulation and embryo transfer 
technique as a method to increase selection response for milk yield offers a great 
potential in buffaloes.

The information on genetic merit of different riverine breeds in India and Pakis
tan is available, but how these stand in relation to Egyptian, Bulgarian and Italian 
breeds for growth and milk need to be studied for developing any programme of 
improvement at global level. The riverine breeds especially Murrah and Nili-Ravi 
have been used in crossing with swamp buffaloes. The performance of these Fj crosses 
has been satisfactory; backcross grades (3/4 Murrah - 1/4 swamp) for milk and meat 
vis-a-vis Murrah and Nili-Ravi need to be evaluated. In countries like India, where 
there is reasonably large genetic diversity in buffalo breeds, crosses between them 
may be attempted to combine the desirable genes of the parental breeds in the cross. 
Crossing, therefore, of large size breeds - Murrah and Nili-Ravi with medium size 
breeds - Surti and Bhadawari could be attempted to combine desirable genes of 
Murrah for high milk and medium fat; of Bhadawari for greater heat tolerance and 
of Surti for regularity of breeding.

No definite policy is being followed for raising river buffaloes for meat product
ion. It would be desirable to cross buffaloes with less than average milk yield with 
buffalo bulls (selected on the basis of faster rate of gain and higher feed efficiency) 
for production of calves which can be raised for meat. Efforts should also be made 
to avoid wastage of male calves especially in India and Pakistan and these be raised 
for quality meat production using suitable inputs.
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