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lans'k

Hkkjrh; lH;rk Ñf"k fodkl dh ,d vkèkkj jgh gS vkSj vkt 
Hkh gekjs ns'k esa ,d lqn`<+ Ñf"k O;oLFkk ekStwn gS ftldk 
jk"Vªh; ldy ?kjsyw mRikn vkSj jkstxkj esa izeq[k ;ksxnku 
gSA xzkeh.k ;qokvksa dk cM+s iSekus ij] fo'ks"k :i ls 'kgjh 
{ks=kksa esa izokl gksus ds ckotwn] ns'k dh yxHkx nks&frgkbZ vkcknh ds fy, vkthfodk 
ds lk/u ds :i esa] izR;{k ;k vizR;{k] Ñf"k dh Hkwfedk esa dksbZ cnyko gksus dh 
mEehn ugha dh tkrh gSA vr% [kk|] iks"k.k] i;kZoj.k] vkthfodk lqj{kk ds fy, rFkk 
lekos'kh fodkl gkfly djus ds fy, Ñf"k {ks=k esa LFkk;h fodkl cgqr t:jh gSA

fiNys 50 o"kks± ds nkSjku gekjs Ñf"k vuqla/ku }kjk l`ftr dh xbZ izkS|ksfxfd;ksa ls 
Hkkjrh; Ñf"k esa cnyko vk;k gSA rFkkfi] HkkSfrd :i ls (e`nk] ty] tyok;q)] 
ck;ksyksftdy :i ls (tSo fofo/rk] gkWLV&ijthoh laca/)] vuqla/ku ,oa f'k{kk 
esa cnyko ds pyrs rFkk lwpuk] Kku vkSj uhfr ,oa fuos'k (tks Ñf"k mRiknu dks 
izHkkfor djus okys dkjd gSa) vkt Hkh ,d pqukSrh cus gq, gSaA mRiknu ds ifjos'k 
esa cnyko ges'kk gh gksrs vk, gSa] ijUrq ftl xfr ls ;g gks jgs gSa] og ,d fpark 
dk fo"k; gS tks mi;qDr izkS|ksfxdh fodYiksa ds vk/kj ij Ñf"k iz.kkyh dks vkSj 
vf/d etcwr djus dh ekax djrs gSaA

fiNyh izo`fÙk;ksa ls lcd ysrs gq, ge fuf'pr :i ls Hkkoh csgrj Ñf"k ifjn`'; 
dh dYiuk dj ldrs gSa] ftlds fy, gesa fofHkUu rduhdksa vkSj vkdyuksa ds 
ekWMyksa dk mi;ksx djuk gksxk rFkk Hkfo"; ds fy, ,d CywfizaV rS;kj djuk gksxkA 
blesa dksbZ lansg ugha gS fd foKku] izkS|ksfxdh] lwpuk] Kku&tkudkjh] l{ke ekuo 
lalk/u vkSj fuos'kksa dk c<+rk iz;ksx Hkkoh o`f¼ vkSj fodkl ds izeq[k fu/kZjd gksaxsA

bl lanHkZ esa] Hkkjrh; Ñf"k vuqla/ku ifj"kn ds laLFkkuksa ds fy, fotu&2050 dh 
:ijs[kk rS;kj dh xbZ gSA ;g vk'kk dh tkrh gS fd orZeku vkSj mHkjrs ifjn`'; 
dk csgrj :i ls fd;k x;k ewY;kadu] ekStwnk u, volj vkSj Ñf"k {ks=k dh LFkk;h 
o`f¼ vkSj fodkl ds fy, vkxkeh n'kdksa gsrq izklafxd vuqla/ku laca/h eqn~ns rFkk 
dk;Zuhfrd izQseodZ dkiQh mi;ksxh lkfcr gksaxsA

(jk/k eksgu flag)
dsUæh; Ñf"k ea=kh] Hkkjr ljdkj





Foreword

Indian Council of Agricultural Research, since inception in the year 
1929, is spearheading national programmes on agricultural research, 
higher education and frontline extension through a network of Research 
Institutes, Agricultural Universities, All India Coordinated Research 
Projects and Krishi Vigyan Kendras to develop and demonstrate 
new technologies, as also to develop competent human resource for 
strengthening agriculture in all its dimensions, in the country. The 
science and technology-led development in agriculture has resulted in 
manifold enhancement in productivity and production of different crops 
and commodities to match the pace of growth in food demand.

Agricultural production environment, being a dynamic entity, 
has kept evolving continuously. The present phase of changes being 
encountered by the agricultural sector, such as reducing availability of 
quality water, nutrient deficiency in soils, climate change, farm energy 
availability, loss of biodiversity, emergence of new pest and diseases, 
fragmentation of farms, rural-urban migration, coupled with new IPRs 
and trade regulations, are some of the new challenges. 

These changes impacting agriculture call for a paradigm shift in our 
research approach. We have to harness the potential of modern science, 
encourage innovations in technology generation, and provide for an 
enabling policy and investment support. Some of the critical areas as 
genomics, molecular breeding, diagnostics and vaccines, nanotechnology, 
secondary agriculture, farm mechanization, energy, and technology 
dissemination need to be given priority. Multi-disciplinary and multi-
institutional research will be of paramount importance, given the fact 
that technology generation is increasingly getting knowledge and capital 
intensive. Our institutions of agricultural research and education must 
attain highest levels of excellence in development of technologies and 
competent human resource to effectively deal with the changing scenario.

Vision-2050 document of ICAR-Central Institute for Research on 
Buffaloes (CIRB), Hisar has been prepared, based on a comprehensive 
assessment of past and present trends in factors that impact agriculture, 
to visualise scenario 35 years hence, towards science-led sustainable 
development of agriculture.
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We are hopeful that in the years ahead, Vision-2050 would prove to 
be valuable in guiding our efforts in agricultural R&D and also for the 
young scientists who would shoulder the responsibility to generate farm 
technologies in future for food, nutrition, livelihood and environmental 
security of the billion plus population of the country, for all times to 
come. 

 

(S. AYYAPPAN)
Secretary, Department of Agricultural Research & Education (DARE)

and Director-General, Indian Council of Agricultural Research (ICAR)
Krishi Bhavan, Dr Rajendra Prasad Road,

New Delhi 110 001
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Milk production in India has witnessed an average annual growth rate of 
4.51% during the XI five year plan (2007-2012), reaching 127.9 million 
tonnes in 2011-12, taking per capita milk availability for Indian citizens 
to the WHO recommended standard of 290 grams per head per day. 
Amongst top five milk producing states of Uttar Pradesh, Rajasthan, 
Andhra Pradesh, Gujarat and Punjab, a predominant contribution to 
milk pool is from buffalo. Some other states like Madhya Pradesh, 
Haryana, and Uttrakhand also depict a similar trend, leading to an 
overall 51.1% contribution of buffalo to the total milk pool (Basic 
Animal Husbandry Statistics, 2013, DAHD&F, Govt. of India). This is 
despite lower population of buffalo (108.7 million) as compared to that 
of cows (190.9 million; 19th Livestock Census, 2012, DAHD&F, Govt. 
of India). Additional contribution of the species as the top exported 
agricultural commodity – carabeef – sourced from spent and unwanted 
animals, truly makes buffalo the ‘Black Gold’ of the country. 

Buffalo plays crucial role in rural livelihood, food security and 
agricultural economy of India. Besides milk and meat, buffaloes 
contribute significantly to draught power for agricultural operations 
as well as through dung for fuel and soil improvement. Buffalo is 
preferred over cattle in many parts of the country owing to its superior 
quality of milk, disease resistance, longer productive life and higher milk 
productivity. Therefore, it is no surprise that while cattle population is 
witnessing a downward trend, buffalo population has increased during 
the 19th livestock census. Further, India is endowed with rich bio-
diversity of buffalo germplasm in the form of 13 recognized breeds and 
several local distinct types.

Despite availability of diverse germplasm, the majority of Indian 
buffaloes are non-descript and low producing. At the same time, there 
are no recognized meat line buffaloes having high feed conversion 
efficiency for producing its nutritious lean meat. At times, milk 
productivity is marred by suboptimal reproductive efficiency and lack 
of quality feed resources. India’s huge livestock population is also 
attracting criticism for its potential role in global warming. Therefore, 
there is great scope and opportunity for further improvement in 
genetic potential of buffalo for milk and meat production so that the 

Preface

vii



demand is met by fewer animals. Besides accelerated improvement of 
genetics and reproductive efficiency, development of technologies for 
better utilization of feeds and fodders hold the promise for overall 
improvement in buffalo productivity. While on the one hand we have 
to provide solutions to the current problems facing buffalo farmers 
and improve profitability, we also have to foresee emerging issues to 
be confronted in the foreseeable future.

India has a formidable network of research institutions to address 
future challenges related to livestock production and to establish and 
maintain the competitive edge. In this reference, the ICAR-Central 
Institute for Research on Buffaloes is mandated to play a crucial role 
in meeting aspirations of the nation to become the world leader in the 
area of buffalo productivity. It has made considerable progress towards 
achieving its mandated objectives and continues to strive towards 
excellence. The institute is operating a Network Project on Buffalo 
Improvement addressing major breeds of buffaloes for improvement 
in their home tracts located throughout the length and breadth of the 
country.

In order to meet the increasing demand for milk and meat in an 
efficient and environment friendly manner, the institute has formulated 
Vision 2050, with multipronged strategies aimed at production and 
propagation of quality germplasm using modern genomic selection, 
development of novel tools to address reproductive problems and 
technologies for improving efficiency of feed utilization and reduction 
in methane emission from buffaloes. Though the period to 2050 is far 
considering the rapid strides in development of science, yet, the institute 
aims to take the advantage of recent upsurge in biotechnological tools, 
nanobiotechnology, molecular biology and metabolomics for solving 
problems related to buffalo production, physiology, genomics and 
reproduction, while making the best use of ICT to reach the entire 
spectrum of the stakeholders. 

Vision 2050 has been developed as per guidelines of the Indian 
Council of Agricultural Research under the dynamic leadership of Dr. S. 
Ayyappan, Secretary, DARE and Director General, ICAR. The guidance 
and encouragement received from Prof. K.M.L. Pathak, DDG (AS), 
ICAR has been inspirational. Constant advice received from Dr. B.S. 
Prakash, ADG (AN&P), ICAR during preparation of this document 
is thankfully acknowledged. Intellectual inputs and co-operation of the 
institute scientists are praiseworthy.
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I sincerely hope this document will serve as a guide for prioritizing 
the strategies and future research activities aimed to address the 
challenges likely to be faced by buffalo husbandry sector during the 
next three and a half decades.

(Inderjeet Singh)
Director

ICAR-Central Institute for Research on Buffaloes
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Context

According to the Food and Agricultural Organization (FAO), there 
were 195.26 million buffaloes in the world in 2011. Most of 

them are found in Asia, with India contributing 57.83 per cent share 
of the total buffalo production at 108.7 million buffaloes. The female 
buffalo population has increased by 7.99% over the previous census, 
at 92.5 million in 2012. The buffalo population has increased from 
105.3 million to 108.7 million showing a growth of 3.19%. The milch 
buffaloes increased from 48.64 million to 51.05 million with an increase 
of 4.95% over previous census. According to the 19th Livestock Census, 
of the 512.05 million livestock in the country, buffaloes accounted for 
its 21.23%.

Though less in population as compared to cattle (190.9 million), 
buffaloes produced 62.35 million tonnes of milk contributing 51.2 
per cent to the total milk (DADF, 2012). Besides milk, 1.525 million 
tonnes of meat is produced from buffaloes. Buffalo draft power also 
accounts for roughly 10 per cent of the total draft power contributed 
by the work animals in the country. In addition to milk, meat and draft, 
buffaloes also produce 0.52 million tonnes of skin and hides and its 
dung helps improve soil fertility as well as ends up as domestic fuel in 
rural households. Thus, buffalo has great significance for the country, 
especially for the village community.

At present, small and marginal farmers play a major role in buffalo 
husbandry. Small holders maintain 2-3 buffaloes in mixed farming 
system which supports their family earnings. Women play leading role 
in managing various activities of buffalo rearing. In addition to their 
role in food security, human health, economy and environment, livestock 
have important social and cultural roles too. It is expected that by 2050 
corporate sector will enter into livestock/ dairy sector which will result 
in paradigm shift from existing scenario. Small and medium livestock 
farmers also need to have their milk unions/ cooperatives for collective 
sale of their produce. Peri-urban dairies will be the order of the day 
instead of individual farmers having 1-2 buffaloes in the villages.

India possess the largest buffalo population having high genetic 
diversity (13 recognized breeds and 14 distinct population groups), 
including world renowned buffalo breeds viz. Murrah, Jaffrabadi, Surti, 
Mehsana, Nili-Ravi, Bhadawari, Pandharpuri, and Banni with their 
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unique characteristics. The buffalo population has shown consistently 
increasing trend in the country and a larger increase has been recorded 
in the states which are home to well-defined, milch breeds of buffaloes. 
Despite its importance and contributions, buffalo remains comparatively 
less researched livestock species leaving a big scope for improvement in 
its productivity. Therefore, faster up-gradation of the vast poor buffalo 
germplasm and multiplication of elite buffalo germplasm through the 
use of modern biotechnological tools, while assimilating the benefits of 
traditional approaches, are considered important in the present context 
as well as for the future. Looking into this felt need and importance of 
the species, the Indian Council of Agricultural Research established the 
Central Institute for Research on Buffaloes in 1985 at Hisar. A sub-
campus was added in 1987 and it is located at Nabha, Distt. Patiala, 
Punjab.

Since inception, the ICAR-Central Institute for Research on 
Buffaloes is operating with the mandate to promote, undertake and 
coordinate research on all aspects of buffalo improvement. It was also 
envisaged to establish nucleus breeding herds of important breeds, 
to act as repositories of information on all aspects of buffaloes and 
to undertake technology transfer and extension activities with the 
ultimate goal of improved buffalo production. The Institute, through 
its well defined and systematic multidisciplinary approach in research 
and extension activities, made significant contributions in the area of 
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buffalo production and improvement. Success was achieved in various 
aspects including improved calf survival, management of summer and 
winter stress, IVF, embryo transfer technology, infertility management, 
improved protocol for semen freezing, search for molecular markers for 
economic traits, estimation of nutrient requirements and development 
of economic rations for various categories of buffaloes, alleviation of 
mineral deficiencies with area specific mineral mixture formulation and 
rumen manipulation for enhanced digestibility and reduced methane 
emission. Several villages adjoining Hisar have been adopted for the 
transfer of technologies developed at the Institute.

Network Project on Buffalo Improvement was initiated during 
1993 to undertake progeny testing for improvement of Murrah 
buffaloes through associating buffalo herds of Murrah breed at various 
centres across the country so as to produce large number of genetically 
superior bulls. In IX Five Year Plan, the scope of the Network Project 
was extended to undertake improvement of other important breeds 
of buffaloes as well viz. Jaffarabadi, Nili Ravi, Surti, Bhadawari, 
Pandharpuri, Godavari and Swamp. During the XI Five Year Plan three 
new centres at KAU, Mannuthy, ICAR Research Complex, Patna and 
SVVU, Anthergaon were approved for Murrah breed. Test matings 
from 15 sets of Murrah breeding bulls have been completed and first 
ten sets evaluated and 28 top ranking progeny tested bulls have been 
identified for elite mating.

In order to make buffalo productivity sustainable and remunerative 
while meeting the ever increasing demand of the country for milk, meat 
and other byproducts of animal origin, researchers and stakeholders will 
face several challenges and threats. The document ‘CIRB Vision 2050’ 
envisions challenges and threats that buffalo sector is likely to face during 
the next four decades, for developing appropriate strategies that would 
go a long way in visualizing research directions in scientific pursuits of 
the institute aimed at achieving the targeted development and overall 
buffalo improvement.





Challenges

The projected growth in annual income, urbanization and human 
population are the important factors determining demand for 

livestock products in developing countries. By 2050 the global demand 
for dairy and meat is projected to increase by 74% and 58%, respectively. 
Human population of India in 2050 is estimated to be 1.61 billion. 
Although India currently provides 290 g milk per head per day, which 
is commensurate with WHO recommendations, the demand is likely to 
rise further and target is to be able to supply 370 g milk per head per 
day by 2050 with a total milk production of 400 million tonnes. This 
population growth will lead to huge demand of agricultural produce 
including dairy and meat products. In recent years the consumption 
of meat has grown at an average rate of 5.1 percent per annum and 
of milk and dairy products at 3.6 percent per annum since 1970 and 
this demand will further increase in future. Another important factor 
determining demand for dairy products is urbanization and economic 
growth. The next few decades will see unprecedented urban growth, 
particularly in Asia. Urbanization has considerable impact on patterns of 
food consumption in general and on the demand for livestock products, 
in particular. A third driver leading to increased demand for livestock 
products is growth in income. As income grows, so does expenditure 
on livestock products as the consumption of animal products becomes 
greater in total food items.

The major challenge in India in terms of food security will be 
the changing environmental condition and shift of diets and food 
consumption patterns. Food basket will also comprise of dairy and meat 
products along with cereals, pulses and vegetables. In order to find out 
further trends the quadratic model was applied and it was found that by 
the year 2050, the estimated population of buffaloes will increase from 
the present 108.7 million to 170.45 million (Table 1). The analysis of 
estimates of buffalo milk production revealed that there was more than 
6 fold increase in buffalo milk production from 9.18 million tonnes to 
57.25 million tonnes between the period 1951 to 2006. It is expected 
that it would increase to 175.47 million tonnes by the year 2050.

As per India’s livestock census of 2012, the female buffalo population 
has increased by 7.99% over the previous census and the total number of 
female buffalo stood at 92.5 million. During this period, the number of 
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milch buffaloes increased from 48.64 million in 2007 to 51.05 million 
with an increase of 4.95% over previous census.

Female Fertility

Female fertility is affected by many intrinsic as well as extrinsic 
factors and it differs with management and environments as well. 
Infertility decreases reproductive efficiency by the occurrence of major 
reproductive problems of buffalo viz. anestrus, silent estrus, seasonality 
of reproductive activity, heat stress, neonatal mortality, and pregnancy 
losses (Table 5A). These reproductive problems affect the productivity of 
the animals and reduce the productive life span of the animal. Therefore, 
there is a need to undertake research activities to address these problems 
for reduction in their incidence. This is imperative to cater to huge and 
increasing demand of livestock origin food products.

Male Germplasm

Continued improvement of productivity demands higher availability 
of superior bulls with high genetic merit and fertility together with their 
continuous replacement for constant supply of quality frozen semen. 
Considering 54 million breedable buffalo population (Livestock Census, 
2007), the requirement of breeding bulls has been calculated (Table 6) 
with assumptions that 25% breedable buffaloes are covered by AI and 
rest by natural service; each bull covers 350 buffaloes through natural 
mating per year; two AIs required per conception; 3.5 ml semen 
collected per bull per ejaculate, 190 average number of semen doses 

Table 1 Trend in Buffalo Population

Year Population (million) Increase (%) / year

Total Adult Female Total Adult Female

Buffalo Buffalo Buffalo Buffalo

1982 69.78 32.50 -- --

1992 84.21 43.81 2.07 3.48

1997 89.92 46.77 1.36 1.35

2003 97.92 50.97 1.48 1.50

2007 105.34 54.47 1.89 1.72

2012 108.7 56.58 0.64 0.42

2020 122.23 62.23 Population increase @ 1.5% per year.

2030 138.63 70.41

2040 154.65 78.52

2050 170.45 85.63
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obtained per ejaculation and that the females maintain optimal calving 
intervals of 13 months. Thus, at present a total of 1,16,700 bulls shall be 
required to cover entire buffalo population of the country. Additionally, 
10% bulls will be required for their replacement annually. Details of the 
projected values for various parameters are given in Table 6.

Presently, majority of buffalo population in field is covered through 
non-selected bulls with low genetic merit or bulls being used for draught 
purpose. To accelerate the genetic progress in buffalo production in 
the country through AI, there is need to increase the AI coverage level 
from current 30% to 80% by 2050. This would require infrastructure 
facilities to increase semen production to breed around 68 million 
breedable buffaloes through AI and twice as many doses of frozen 
semen for which about 6800 superior bulls will be required and about 
49,000 bulls for natural mating. This shall be achieved by improvement 
in semen freezing protocols and decreased number of sperm per dose 
from the current 20 million to 10 million concurrently with increase in 
conception rate from 35 to 75% by the year 2050. This shall require 
multipronged research efforts to achieve these goals.

Sexed Semen Application

If sperm cells can be separated into male and female populations, 
desired-sexed offspring can be obtained by using such semen for 
inseminating females. Number of techniques have been tried for 
separation of spermatozoa into X and Y chromosome bearing fractions, 
but result are not encouraging. The flowcytometric separation of 
spermatozoa is being experimented and used with some success over 
the last about 25 years. The first calf born out of sexed semen was in 
the year 1992.

The sorted semen from bulls can be used for production of female 
calves as well as breeding bulls as per the requirement of the breeding 
program. The success of AI with sex-sorted semen in organized farm 
shall provide basis for implementation of this technology under the field 
conditions for faster breed improvement. Less number of animals shall 
produce more milk and shall provide safer environment by reducing 
methane produced from animals.

International status for sex sorted semen is that it is being mainly 
applied in cattle, apart from some other farm animals. In our country 
no work on semen sexing is currently being undertaken in any species. 
Due to unavailability of semen sorting technique, sexed semen is not 
being produced in India. Options available with the Indian scientists are 
either to develop their own technology or get the semen sorted through 
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overseas collaboration. Use of semen sorting technology for buffalo 
semen requires further scientific inputs for efficient utilization of this 
technology. The reasonable challenges include evolving efficient technique 
for semen sorting as well as AI techniques for high conception rates.

Application of Reproductive Biotechnologies

Faster propagation of genetically superior female germplasm requires 
application of reproductive technologies especially IVF and MOET. 
Further in the era of ‘omics’, application of genomics, proteomics, 
ONBS, MAS, and nanotechnology will lead to development of markers/
diagnostics for fertility, pregnancy and associated traits to be used in 
selection of superior bulls and dams. In addition, novel technologies like 
cloning will further improve the reproductive efficiency for replicating 
proven bulls and their extensive use in frozen semen production paving 
the way to accelerated genetic gain across buffalo population. Further 
research activities on genetic and physiological regulators of reproductive 
seasonality, nutrition-reproduction interactions and ameliorative strategies 
for improving buffalo infertility will enhance the overall buffalo 
productivity in the coming decades.

Molecular Breeding

The production and reproduction are influenced by the genetic 
makeup of the animal and the socio-economic environmental milieu. 
Understanding the genome is critical for the genetic improvement/gain 
of the desired traits. Traditional selection tools need to be combined 
with biotechnological tools to have higher rates of genetic improvement. 
Data on maximum number of production, reproduction, growth, meat 
quality & quantity, disease and milk constituent traits are likely to 
be the key factor for the development of SNP chip(s) and success of 
genomic selection. It is necessary to develop accurate phenomics database 
from organised farm/field animals for more number of sire families by 
automation/ICT or other recent methodologies of data collection from 
field as we are to be dependent on field progenies for evaluation of 
sires. It will be achieved by working in collaboration with state Animal 
Husbandry Department and other developmental agencies working in 
the field. High performance animals of the field and institutional herds 
should come under a network so that integrated data is generated. The 
phenomic data based conventional selection integrated with genomic 
selection shall result into genetic gain of about 2% per annum as 
compared to the existing 1% genetic gain.
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Most of the traits of economic importance have genetic and 
epigenetic factors for their variation. An integrated approach involving 
genomics, proteomics and bioinformatics tools is essential for better 
understanding and exploitation of information so that these can be 
integrated into the buffalo breeding programs for selection of animals 
with desired traits. The SNP chip-based genotyping system combined 
with selective genotyping will provide an efficient means of achieving 
genome-wide genetic mapping of complex traits that may quickly and 
cost-effectively provide functional markers for validation and application 
in buffalo molecular breeding programs for overall increase in the 
milk and meat production and economic upliftment of the buffalo 
owners. Genome wide scans for germplasm evaluation and marker-trait 
association analysis of the buffalo population and predict its genetic 
potential at an early age which will immensely reduce the rearing cost 
of the animal and hence will be economically helpful for the farmer.

Maintenance of Genetic Diversity

India has rich diversity of buffalo. It is presently represented by 
13 recognized breeds and as many other local populations with unique 
characteristics. It is necessary to conserve the diversity so that it may 
be utilized sustainably in future. The breeding policy advocated for 
enhancing productivity of well defined buffalo breeds is through selective 
breeding. But it has also been advocated to use genetically superior 
bulls of defined breeds for the improvement of non-descript buffaloes 
through grading-up in the country. The brief outline of breeding policy 
for improvement of buffalo genetic resources in India is as follows:

Recognized buffalo breeds: Murrah, Bhadawari, Mehsana, Surti, 
Banni, Jaffrabadi, Pundharpuri, Nili-Ravi to be improved through 
selective breeding in their respective breeding tract. Buffalo population 
is witnessing increase beyond the traditional North and Western states 
to South and eastern states. This trend suggests increased adaptability 
of buffalo, particularly Murrah breed.

Food Safety and Quality

Factors which contribute to potential hazards in foods include 
improper agricultural practices; poor hygiene at different stages of the 
food chain; lack of preventive controls in food processing and preparation 
operations; misuse of chemicals; contaminated raw materials, ingredients 
and water; inadequate or improper storage conditions etc. The institute 
has to establish and install HACCP based food safety management 
system (FSMS) for ensuring safe animal products. Specific concerns 
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about food hazards related to animal farm activities will be focused 
on microbial hazards, pesticide residues and chemical contaminants, 
including biological toxins, adulterants, allergens and veterinary drugs 
residues used in the production of animal products. These challenges 
need to be systematically addressed for providing quality safe food of 
animal origin.

Meat Production

Economic growth in India is projected to continue at fairly 
sustained rates, at least over the medium term. It can be expected that 
with increase in household income Indian population will behave like 
those of other developed countries regarding expenditure on food and 
changes in dietary habits towards more livestock products. However, 
the rate of growth in demand for food in India during last decade 
remained much lower as compared to growth in income. Dastagiri 
(2004) has projections of meat demand by 2020 under three GDP 
growth assumptions (4 percent, 5 percent and 7 percent). Per capita 
demand could grow little under the low GDP growth to reach 3.4 kg 
in 2020; but it is projected to explode to 37 kg under the high GDP 
growth. ICAR’s Vision 2030 projects that per capita meat consumption 
will increase from 4.3 kg in 2000 to 10.1 kg in 2030 (Indian Council 
of Agricultural Research, 2011: 4). FAO (ESA paper No 12-03-2012) 
has projected that per capita meat consumption in India will increase 
to 9 kg in 2030 and to 18 kg in 2050.

India is the world’s leading carabeef exporter due to an expending 
buffalo population, efficiency improvement, better slaughter and meat 
processing infrastructure and price competitiveness in international 
market. Buffalo meat exports more than doubled between 2008 and 
2011. USDA report April 2012, estimated Indian buffalo beef (buffalo 
meat) exports for 2012 at 1.525 million tonnes, 25 percent higher than 
2011 exports. India’s export of buffalo meat was $4.35 bn in 2013-14, 
a rise of 36% from $3.2 bn in 2012-13. Given this explosive export 
growth, India has to become the world’s largest beef (buffalo meat) 
exporter in 2013. Export sales have made significant inroads in Middle 
East, North Africa and South Asia.

In spite of big potential because of large livestock population, the 
meat industry in India has not been able to harness it. Buffalo beef 
production and export faces several challenges like lack of efficient 
meat breed of buffalo that has lower mature weight but grows faster, 
has higher feed conversion efficiency and produces leaner meat. Indian 
buffalo meat export is facing tough competition from carabeef produced 
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from Mediterranean buffaloes. Carabeef is lower priced and produced 
according to Halal standards. Further, Carabeef is lean with positive 
blending characteristics important to processors. In future, research effort 
should be directed towards development of meat breeds of buffaloes and 
technologies for improving feed conversion efficiency and reproduction 
performance of such meat breeds.

Climate Change

Climate change is another important factor that will potentially 
affect the buffaloes’ productivity besides impacting husbandry practices, 
feeding option as well as economics. Milk production and body growth 
rate are reduced when the Temperature Humidity Index (THI) of the 
region exceeds 75. On an average THI exceeds 75 at 75-80% places 
in India throughout the year. Majority of places in India observe THI 
> 75 and over 85% places in India experience moderate to high heat 
stress during April, May and June and THI range of 75 to 85 at 2.00 
PM. This situation is likely to worsen in the years to come. All THI 
maps for baseline indicate a temperature rise and change in THI by 
2030 in Uttar Pradesh, Madhya Pradesh, Gujarat, Rajasthan and other 
states of India based on the regional climate model.

Changes in livestock productivity are also linked with changes in 
expression of different genes. With the vast animal population, research 
for optimizing reproductive efficiency with the changing climate shall be 
put on the agenda as the climate changes by 2050 may affect life-time 
calf crop and productivity from superior dams. Finally global climate 
change will increase pathogen pressure, thus more accurate predictors 
for disease resistance will be required. Indirect effects will also have to 
be countered for sustainable productivity.

Mitigation of greenhouse gas emissions from buffaloes is another key 
challenge. Livestock food chains are major contributors to greenhouse 
gas emissions, accounting for perhaps 18 per cent of total anthropogenic 
emissions. Though buffalo has higher feed conversion efficiency and it 
utilizes lignocelluloses in feeds, methane emission by this species accounts 
for 40-45% of total methane emitted by the livestock in India (Agarwal 
and Kamra, 2010), as buffaloes are fed on poor quality roughage diet.

In India, buffalo population will increase by 50-60% from present 
level by the year 2050. Production level and methane emission per 
animal will also increase. It will be absolutely essential to reduce the 
number of animals and increase per head milk production to meet 
the target for containment of methane emission. This can be possible 
if research is directed towards rapid enhancement of milk production 
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through modern technologies like cloning, sexed semen, embryo transfer 
and production of high producing animals through molecular marker 
assisted bull selection.

In order to contain methane emission at present level a target of at 
least 30% reduction of methane emission per animal by 2030 and by 
60% by 2050 need to be fixed. The reduction in methane emission from 
rumen is not an easy task. Methane synthesis is a thermodynamically 
favoured pathway. Inhibition of methanogens can lead to accumulation of 
hydrogen in rumen producing adverse impact on other microbes involved 
in digestion of food. For inhibition of methanogens many agents (garlic 
oil, notrite, etc) have been shown to reduce methane production by as 
high as 90% level but this has been invariability associated with high 
depression in feed digestion.

Future research should focus on development of technologies for 
reduction in methane emission without affecting digestion process. 
Phytochemicals or other compounds having good methane inhibition 
potential with little or no adverse effect on digestibility of feed need to 
be identified. Research to evolve means to promote alternate hydrogen 
sink pathways also needs to be undertaken. One such approach can be 
to determine how population and activity of reductive acetogens can 
be increased in rumen. Metagenomic studies and genome analysis of 
major methanogens and other hydrogen utilizing microbes of buffalo 
rumen will give detail insight into the pathways of methane production 
and hydrogen utilization and in turn help in developing chemicals that 
can suppress methane producing genes and promote alternate hydrogen 
utilization pathways. Similarly, development of methane absorbing 
sponge of nanoparticles with ability to convert methane to water and 
carbon dioxide inside rumen is another possible mean of methane 
mitigation in rumen. 





Operating Environment

The ICAR-Central Institute for Research on Buffaloes was established 
at Hisar in 1985 by acquiring the livestock and land of the local 

Progeny Testing Bull Farm from the Haryana Government. A Sub-
campus was subsequently established in 1987 at Nabha (Punjab) by 
acquiring Nili-Ravi Farm from the Punjab Government. The Institute 
is functioning within the mandate assigned to it and overall guidance 
of the ICAR. It was in the VIII plan period when the institute’s new 
laboratory-cum-administrative building came up, which was further 
extended during the IX and X plan periods to provide space for research 
labs as well as administration. Other important infrastructure available 
at the institute includes the Animal Farm, Agricultural Farm with all 
peripheral support units like Veterinary unit, Reproduction and AI 
unit, Feed and Fodder unit and Workshop. Currently, over 500 Murrah 
buffalo heads and an equal number of Nili-Ravi buffalo heads, including 
followers, constitute the herds at Hisar and Nabha, respectively. The 
Agricultural Farm has a total area of 423 ha at Hisar, out of which about 
30 per cent land is arable and under fodder cultivation for institute’s 
livestock. The Sub-campus has 235 ha highly fertile land, which meets 
the requirements of green fodder, and to a large extent, dry fodder and 
cereal grains for the Nili-Ravi herd at Nabha.

In view of the existing scientific and technical manpower and 
periodic recommendations made by the Research Advisory Committee 
and discussions held regularly on the platform of the Institute 
Research Council, three major thrust areas and programs have been 
identified for research. These include Genetic Resource Improvement 
Program, Feed Resource Utilization and Improvement Program and 
Optimization of Reproductive Efficiency Program. The Institute, 
through its well defined and systematic multidisciplinary approach 
has made significant contributions in the area of buffalo production 
and improvement.

Daily average milk yield of Murrah buffalo increased from 4.80 kg 
in 1991 to 8.01 kg in 2013-14 and of Nili-Ravi herd from 5.82 kg to 
8.25 kg in the same period. Institute has supplied over 550 Murrah and 
226 Nili-Ravi bulls of superior genetic merit to various developmental 
agencies and village Panchayats in the country for upgrading the 
buffalo population in the respective areas. Quality frozen semen is 
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being produced from superior sires, stored and supplied to various 
centers of Network Project for implementing progeny testing, and also 
sold to farmers and other agencies interested in buffalo development. 
Current stock of frozen semen is nearly 3,00,000 doses, which include 
over 60,000 doses from elite progeny tested bulls. Currently, most of 
the states have Murrah as the improver breed and most semen banks 
preserve Murrah semen in millions of doses. These ‘A’ grade accredited 
semen stations are producing quality frozen semen and their capacity 
will be further increased. Under NPCBB and NDP-I, it is going to be 
further strengthened with field progeny testing.

Breeding program for genetic improvement in Nili-Ravi, Surti, 
Jaffrabadi, Bhadawari, Pandharpuri and Swamp buffaloes is also being 
undertaken at various centres of the Network Project on Buffalo 
Improvement. Ten villages adjoining Hisar have been adopted for 
transfer of technologies developed at the Institute and field progeny 
testing programme of Network Project. Other infrastructure facilities 
available at the Main Campus include:

The Agricultural Knowledge Management Centre (previously called 
Agricultural Research Information System Cell) was established at this 
institute in the IX plan. The AKMC is equipped with round the clock 
internet connectivity catering to scientists and staff. The Centre also 
maintains website of the Institute.

Laboratories of the three divisions are housed in newly constructed 
lab-cum-administrative building and semen freezing laboratory. Some 
of the scientists are placed in old building and one scientist placed at 
IGFRI, Jhansi. There is urgent need to have additional laboratory space 
for Biotechnology and Proteomics with latest equipments.

Research

Research activities are grouped under three subject specialized 
Divisions, although inter-disciplinary projects are implemented across 
Divisions. The laboratories in the Division of Buffalo Genetics, Breeding 
and Management include Molecular Genetics and Biochemistry, Buffalo 
Production and Management, Milk Analysis, Bull Certification, Disease 
Investigation Laboratories and Field Progeny Testing Unit. The Buffalo 
Nutrition Division laboratories have the necessary equipments and 
facilities to undertake research on various aspects related to buffalo 
nutrition, aimed at developing economic rations, growth and production 
rations including agro-industrial by-products, apart from quality testing 
of feed constituents. Feed and Forage Evaluation, Rumen Metabolism 
and Biotechnology, Feed Processing and Quality Control, Mineral 
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Nutrition, Complete Feed and Toxicology Laboratories are functioning 
in the Division. The Division of Buffalo Physiology and Reproduction 
has facilities for undertaking studies on semen technology, embryo 
biotechnology, reproductive biology & fertility, development and 
function of the mammary gland, besides other physiological facets 
which have remained little explored in buffalo. Reproductive Biology, 
Semen Freezing, Embryo Biotechnology, Endocrinology and Lactation 
Physiology labs are functioning for addressing the issues of buffalo 
reproduction and physiology.

A large number of veterinary universities, ICAR institutes and 
some NGOs are also undertaking research on improvement of livestock 
productivity, health care, preventive health and other important aspects, 
which is likely to give greater knowledge to manage the output from 
this species in a much better way.

Teaching

No formal courses/teaching programmes are being conducted at the 
institute. However, scientists of the institute participate in numerous 
activities such as training programmes/summer winter schools/refresher 
courses/CAS courses/conducting of examinations, PhD and MVSc thesis 
evaluation and paper setting at various universities, apart from being 
associated with Advisory Committees of post-graduate research students 
of the universities with whom MOUs exist for the purpose. 

Overall, the scenario for teaching of animal, veterinary, agriculture 
and allied sciences as well as various management and technology courses 
is bound to become world-class and with that the human resource that 
will be available to us in the coming years is expected to be of the 
highest calibre.

Extension

Institute is engaged in extension activities for propagation of 
buffalo husbandry knowledge to the farmers through regular visits 
by the scientists and technical personnel to the villages, organizing 
demonstrations, lectures, calf rallies and treatment camps. In addition, 
farmers participation in the project on field progeny testing of the 
Network Project and redressal of queries of the farmers on different 
aspects of buffalo production and health are other regular activities. 
Other state and central government extension agencies, NGOs and 
university system with strengthened KVK network is going to impact 
the extension services in a big way for a positive outcome.
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Manpower

During the XI plan, approved cadre strength of the Institute 
included 40 scientists and two research management positions, 46 posts 
of technical cadre, 23 administrative staff, 86 supporting staff, thereby 
making a total of 197. In addition to the above, 128 casual workers 
including temporary status workers at main campus and 75 at sub 
campus, are also engaged. Overall, it is expected that the researchers 
involved in buffalo production, reproduction, health, genetics, nutrition, 
economics, management and other aspects will be better in their 
academic and research preparation as well as technically much more 
advanced for positive impact.

What External Factors will Impact Us?

•	 Increasing	 per	 unit	 productivity	 and	 faster	 breakthrough	 in	
technologies leading to substantial reduction in cost of buffalo 
production in competing. 

•	 Quality	 check	 mechanism	 of	 animal	 products	 for	 export	 imposed	
by importing countries. 

•	 Provisions	 of	 the	WTO	 regime	 and	 its	 compliance.	
•	 Policy	support	 in	 terms	of	milk	pricing	and	effective	backward	and	

forward linkages 
•	 Breed	 improvement	 programme	 and	policies	 of	 other	 agencies	
•	 Socio-economic	 milieu	 for	 adoption	 of	 the	 technologies	 and	 new	

generation’s reluctance to continue livestock enterprises in view of 
wider options in changing economic scenario. 

•	 International	 obligations	 for	 reducing	 the	 number	 of	 unproductive	
animals and green house gas emission (methane) from buffaloes/ 
livestock. 

•	 Appropriate	 bio-security	 policy	 to	 address	 the	 zoonotic	 and	 trans-
boundary diseases affecting livestock economy 

•	 Quality	 standards	 for	 animal	 feeds,	 vaccines	 and	 other	 biological	
products to meet the sanitary and phyto-sanitary standards

•	 Technology	denial	 by	 developed	 countries.	

Technology Showcasing, Dissemination and Adoption

Delivery mechanism for transfer of technology has to be more 
decentralized, participatory, pluralistic, demand-driven and market-led 
with focus on mobilization of community. The importance of appropriate 
technological packages and their dissemination as inputs has assumed 
added emphasis in this “information age”. The institute will develop 
knowledge portals on different aspects of buffalo husbandry. In future it 
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will be extremely essential for the institute to strengthen linkages among 
public-private partners and to increase access to ICT. Development of 
‘Buffalopedia’ - a database on all aspects of buffaloes is the need of the 
hour to provide a platform for both information retrieval and knowledge 
sharing among different stakeholders in buffalo farming from anywhere 
in the world through internet. Similarly, e-Bhains-Gyan Kendra is 
being developed for making the required information available to the 
stakeholders in interesting manner with the help of modern information 
technology.





Opportunities

1. There is a huge demand for elite buffalo germplasm (frozen semen 
and embryos) from around the world, which can be a golden 
opportunity for us to meet their demands on our terms.

2. There is a thriving international trade in beef-type buffaloes and 
buffalo meat. Because of its competitive price and better blending 
characteristics buffalo meat is a cheaper source of animal protein.

3. Demand for fortified composite functional or traditional dairy 
products fortified with minerals, vitamins and probiotics will increase 
and need for development of feed formulations for production of 
such designer products will also increase.

4. There have been substantial advances in the field of nanotechnology 
which can be harnessed for the development of novel functional 
food/feeds/neutraceuticals with reference to bioactive components for 
better human/animal health. Feed and food industries partnership 
and relationship will be developed to scale-up the production and 
marketing of such technology based products.

5. There is good demand for mozzarella cheese in international market 
which is an exclusive buffalo milk product. 

6. Increasing interest of private entrepreneurs (meat and milk processing 
industries) for partnership in large scale production of value added 
products.

17
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7. Diversified buffalo production system with increasing employment 
opportunities

8. Improved economic status leading to increased demand of animal 
protein, quality and diversified products

9. The recent upsurge in the application of biotechnological tools for 
livestock conservation and propagation has opened up new vistas 
for studying the genetic characteristics of buffaloes. Application of 
these tools for identification of markers for marker assisted selection 
(MAS) at early age has provided a ray of hope for improved 
livestock production. There is a need to harness the benefits of these 
technologies with well-trained manpower through meticulously laid 
out programmes and projects.

10. Participation and involvement of superior germplasm available 
with the farmers is also essential for overall genetic improvement 
of buffaloes. In this direction, ICAR-Central Institute for Research 
on Buffaloes has already initiated a program by involving farmers’ 
prized bulls for semen freezing and buffalo improvement programme 
throughout the country.





Goals and Targets

With the rise in India’s human population by 2050, the demand for 
livestock products especially milk and meat will be enormous. As a 

result buffalo production system will face a huge challenge of sustainable 
production in terms of economic, societal and environmental issues 
demanding a balancing between enhancing productivity while avoiding 
adverse effects. This demand of increasing the productivity of buffaloes 
can be met by novel strategies. In this regard, small herd size, lack of 
long term strategic breeding plans, limited progeny testing programmes 
and large scale migration of animals lead to depletion of good germplasm 
in its native breeding tracts and retard the genetic improvement in this 
species. Collaborations and public private partnership in the breeding 
program will play pivotal role in determining rate of success of genetic 
improvement programmes. Conservation and propagation of different 
buffalo breeds need to be undertaken using various in-situ and ex-situ 
strategies as outlined in Table 2.

Further, the breeding policy advocated for enhancing productivity 
of well defined buffalo breeds is through selective breeding. However, 
for the non-descript buffaloes, their improvement is advocated through 
grading-up with the use of genetically superior bulls of defined breeds 
(Table 3).

Selection of bulls using genomic and phenomic database for 
economically important production and reproduction traits will 
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Table 2 Strategies for buffalo genetic resources conservation

Targets Activities Milestone

Upgradation of non-descript 
population by Murrah and to 
some extent with regional milch 
breeds

Large scale production of 
frozen semen doses from bulls 
of superior breeds and their 
distribution to specific regions 
as specified in Table 3

Present % of nondescript (ND) 
buffaloes are 75%; Percent 
ND will be reduced to 65% by 
2020, to 55% by 2030, to 45% 
by 2040 and by 35% by 2050

Conservation and improvement 
of important buffalo breeds

Breeds like Jaffrabadi, Surti 
Nili-Ravi and Pandharpuri will 
be improved through selective 
breeding.

Lactation yield of these breeds 
will be improved from present 
level of 1350 to 2050 kg to 
2500 kg by 2050

In situ, ex situ cryopreservation 
strategies be followed for 
conservation of superior 
genetic resources

By 2050 all important breeds 
will be covered
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substantially improve milk yield, milk constituents and fertility/
productivity traits. Novel Genetic and breeding methods are to be 
followed to harness the full genetic potential by efficiently selecting 
important production and reproduction traits. Different research activity 
milestones and timelines to achieve the goal set for genetic improvement 
through molecular breeding are presented in Table 4.

Table 3 Outline of breeding policy for improvement of buffalo genetic resources in India

Area/region Climatic conditions Breed to be used for grading-up

Northern Region Sufficient feed and green fodder availability Murrah

Western Region Well irrigated area Murrah, Nili Ravi

Semi-arid region Mehsana

Western Arid region (limited feed and fodder 
availability)

Banni and Jaffarabadi

North-Eastern Region Semi-arid and Humid climatic conditions Murrah

Southern Region Semi-arid and Humid climatic conditions Murrah

Arid climatic conditions Mehsana

Table 4 Development of markers with buffalo whole-genome sequencing.

Targets and Activities Target Years

Nextgen Sequencing of buffalo genome using pedigreed animals with discrete traits 2015

Development of De-novo assembly by bioinformatics analysis tools 2017

Structural annotations, Developing genotype panel and Trait specific buffalo SNP chips 2020

Refinement of the SNP chip and incorporation of breed specific traits in the chip 2022

Development, standardization and application of Molecular breeding strategies for buffaloes 
in organized herds

2025

Selection of breeding bulls/bull mothers at farm and field using the developed technology 2030

Improved Fertility

Getting ‘a calf a year’ needs a comprehensive approach for planning 
appropriate nutritional, physiological and biotechnological interventions 
(Table 5A and 5B). Research for identification of major causes of 
reproductive disorders/inefficiencies, underlying physiological and 
pathological aspects also needs to be taken care of. Enhancement of 
female fertility can be done by developing fertility improving drugs 
and homologous hormones as well as heat and pregnancy detection 
kits through proteomics / genomics at cheaper cost for stake holders. 
Application of functional genomics for fertility studies as well as the use 
of bio-sensors for detection of physiological and pathological conditions 
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will help in stamping out infectious reproductive disease to improve 
reproduction for sustainable buffalo production.

Requirement of superior bull germplasm is needed for improving 
the selection procedures of male and females. The productivity can 
also be increased by the production of buffalo frozen semen as well as 
sexed semen. Further this could be supplemented with various modules 
to enhance frozen semen production (Table 6). Use of superior bulls 
will be enhanced in breed improvement through the reduction in 
sperm dose required for successful conception in females. This requires 
multipronged approaches for improvement of semen freezing protocols, 

Table 5 A Reproductive problems in buffaloes, incidence and targeted goals.

Problem Incidence (%) Goals (%)

2025 2050

Anestrus 30-60 20 < 10

Repeat breeding 10-25 15 < 10

Silent estrus 6-30 12 <10

Pregnancy losses/
Neonatal mortality

10-15 8 < 5

Table 5B Activities aimed to address various reproductive problems in buffaloes

Problem Research activities Timeline

Anestrus •  Reproduction-environment-nutrition interaction studies for 
better productivity

• Development of Fertility improving drugs at cheaper cost.

• Buffalo homologous hormones production for fertility control.

2030 

2040

2050

Repeat breeding • Markers for better Embryo survival

• Embryo protective drugs /strategies

• Molecular markers of fertility of male and female gametes

• AI at convenience through micro-encapsulation technology

2035

2040

2040

2050

Silent estrus • Heat detection aids/kit using genomics /proteomics and nano-
technological approaches.

2040

Pregnancy losses/ 
Neonatal mortality

• Stamping out – Infectious reproductive disease.

• Bio-sensors for disease investigation and therapeutics

• Micro-capsulated hormone delivery system

• Public-private partnership and collaborations for disease 
diagnostics and therapeutics

2030

2035

2040

2045

Heat stress • Molecular markers for stress tolerant animals

• Development of feeding modules and nutraceuticals during stress

• Allele mining for stress tolerance

• Development of stress tolerant animals using cloning and 
transgenic

2020

2025

2040

2050
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ovulation detection and making uterine environment more conducive 
to developing conceptus and its survival.

Increasing the efficiency of novel reproductive biotechnological 
tools such as embryo transfer technology, IVF, cloning, and transgenic 
techniques for higher productivity of buffaloes can be achieved through 
targeted research activities as outlined in Table 7.

Improved Feed Resources Utilization

India will have to depend heavily on utilization of fibrous feeds (crop 
residues, etc.) for meeting the nutrient need of increasing population of 
livestock including buffaloes for meeting ever increasing demand for milk 
and meat. Development of methods and feed additives for genetic and 
non-genetic rumen manipulation to enhance utilization of poor quality 
roughages will involve thorough analysis of structure and function of 
rumen ecosystem, sequencing of genomes of important group of rumen 
microbes and detailed analysis of critical pathways and genes involved in 

Table 6 Projected breedable buffalo population, AI coverage, conception rate and bull requirements 
by the year 2050.

Year Breedable 
female 

population 
(millions)

% of 
breedable 
buffaloes 
covered 
with AI

Frozen 
semen 
doses 
require 
(million)

Expected 
Conception 

rate

Bull 
requirement 
for semen 
production

Bull 
requirement 
for natural 

service

No. of 
sperm/
dose 

(million)

2012 55 25 27 35-40 2700 114,000 20

2020 62 45 52 45-55 4200 97,000 15

2030 70 60 74 55-65 7400 73,000 12

2040 78 70 55 65-75 5500 65,000 10

2050 85 >80 68 >75 6800 49,000 10

Table 7 Goals, activities and timelines for application of novel reproductive biotechnologies

Goals Research activity milestones Timeline

Refinement of superovulation 
protocol and improvement in 
embryo recovery per flushing.

•  Identification of ideal hormonal combinations for improved 
superovulation.

•  Develop low cost superovulation regime

2030 

2040

Improvement in embryo 
survival strategies

• Markers development for oocyte competence and stress 
tolerance

• Epigenetic studies in oocyte growth and development

• Refinement of embryo cryopreservation protocol

2030 

2035

2040

Improving cloning and 
transgenic efficiency

• Use of more competent donor cells

• Refinement of fusion technique

• Refinement of gene delivery methodology

2025

2035

2045
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rumen fermentation. Detailed research activities and timelines pertaining 
to this are presented in Table 8A. 

Mitigation of greenhouse gas emissions from buffaloes is another key 
challenge. Use of various feed additives and improved feeding practices 
(increased amounts of concentrates or improved pasture quality) and 
their practical impact on greenhouse gas mitigation, are the areas that 
need further research. Novel strategies for biotic and abiotic stress 
detection and climate resilient buffalo husbandry practices will be 
developed. Geographic information system (GIS) based forecasting for 
physiological, nutritional, managemental and environmental aspects will 
be developed. The detailed research activities which need to be taken up 
to reduce methane emission from buffaloes are presented in Table 8B.

Table 8A Goals, activities and timelines for improved fiber utilization efficiency.

Goals Research activity milestones Timeline

Improvement of efficiency 
of utilization of fibrous feeds 
for increasing per capita 
availability of meat and milk

• Development of suitable plant based feed additives for 
stimulation of rumen fibre digestion

• Identification of critical enzymes and pathways of fibre 
digestion and sequences of genes encoding them

• Development of nanoparticle based delivery system for 
critical nutrients for rumen microbes

• Development of chemical agents for upregulation of 
critical enzymes of fibre digestion

• Development of genetically modified superbug with 
much higher fibre digestion ability

2020 

2025 

2030 

2040 

2050

Table 8B Goals, activities and timeline for reducing methane emission from buffalo.

Goal Research activity milestones Timeline

Reduction in methane emission 
from buffaloes

Identification of plant secondary metabolites with good 
methane reduction potential with minimal adverse effect 
on fibre digesting microbes

2018

Determination of sequences of pathways involved in 
methane synthesis and hydrogen metabolism of most 
important rumen microbes by metagenomic studies.

2020

Development of chemicals for suppression of methane 
producing genes and means for promoting alternate 
hydrogen sink

2030

Development of nanoparticle based methane soaking 
sponge

2035

Development of novel strategies 
for biotic and abiotic stress 
detection and climate resilient 
buffalo husbandry

Use of geographic information system (GIS) based 
forecasting for better physiological, nutritional, 
managemental and environment specific strategies.

2035
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Reaching the Stakeholders

The focus has to be on mobilization of community, farmers 
organizations, ‘Buffalo breeders Associations’, Self Help Groups, etc to 
empower farmers and to promote group based extension activities. The 
importance of appropriate technological packages and their dissemination 
as an input will assume added emphasis. Modern information 
technologies such as radio, television, internet, mobile phones, etc have 
to be harnessed for faster communication. The detail extension activities 
which need to be executed and timeline has been presented in Table 9.

Table 9 Goals, activities and timelines for improved extension activities

Goal Activity milestones Timeline

Increase coverage of extension 
pertaining to buffalo husbandry 
to 100%

Mobilization of farmers through organizations and private 
sector

2020

Creation of agri-business opportunities 2030

Extension through internet and web based knowledge 
portals on every aspect of buffalo husbandry and different 
types of stakeholders

2050

Value Addition of Animal Products and By-products

Use of biotechnology and nanotechnology for better utilization, 
bio-preservation, and quality control of by products as well as value 
addition of milk and meat products i.e. milk with low cholesterol and 
therapeutic proteins, mozzarella cheese, lean meat products are lucrative 
options for better economic returns & consumer cause. Foods with 
functional benefits such as hypocholesterolemic, anti-carcinogenic, anti-
ageing effects are being preferred by consumers. Research is possible for 
generation of bioactive peptides from milk proteins, for the production 
of functional foods to either enhance their bioavailability from natural 
source or create novel foods via addition and/or fortification of isolated 
or enriched fractions of bioactive peptides. Novel functional product 
categories such as antioxidant enriched, omega-3 fatty acids enriched, 
low cholesterol dairy products, herbal dairy products, low calorie 
indigenous dairy foods/feeds would be developed. Minerals, vitamins, 
probiotics fortified composite functional or traditional dairy products 
or feeds formulations will be evaluated. Application of nanotechnology 
will be explored in the development of novel functional food/feeds/
neutraceuticals with reference to bioactive components for better human/ 
animal health. Feed and food industries partnership and relationship 
will be developed to scale-up the production and marketing of such 
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technology based products. The detail research activities and timeline 
to achieve such goal has been presented in Table 10.



Table 10 Goals, activity and timelines for value-addition to buffalo products

Goal Research activity milestones Timeline

Development of technology 
for production of value added 
animal product

Development of feed additives to produce functional milk 
and meat - low in cholesterol, rich in omega-3 fatty acid 
and rich in antioxidants

2030

Development of breeds of buffalo that produce lean 
meat, fortified/customized meat

2050



Way Forward

Conservation and Propagation of Quality Germplasm

1. Following road-map is a suggestive measure as way forward to 
achieve the goal of productivity enhancement:
Generation of DNA resource 
•	 Characterization	of	genetic	resources	for	allele	mining	and	allele	

sharing to develop the genetic markers 
•	 Generation	of	phenotype	data	based	on	animal	performance	and	

it’s integration with biochemical indices to generate accurate 
phenotype resource data with respect to Growth curves, 
Lactation curves and reproduction span using high through-put 
custom sources 

•	 Molecular	 breeding	 through	marker-aided	 selection	
•	 Customized	genetic	Engineering	for	development	of	trait	specific	

transgenic 
2. Conservation of buffalo genetic resources is another important 

aspect of improving the buffalo genetic resources through activities 
as under.

Climate Change

The Institute envisages undertaking studies to note changes 
in gene expression occurring during different patho-physiological 
conditions to develop suitable remedies to overcome ill effects of 
stress. To enhance the buffalo productivity as a whole, following 
way- forward is suggested:
•	 Maximizing	the	efficiency	of	energy	utilization	in	the	generation	of	

animal protein, basically by selection under a given management or 
by feeding efficiency in form of additives controlling and growth 
promoting treatments by hormonal regulations 

•	 Modelling	 of	 rumen	 fermentation	 and	 nutrient	 utilization	 for	
reducing enteric methane production to improve metabolizable 
energy utilization of feeds by biotechnological interventions, 

•	 Need	to	explore	newer	feed	additives/forages/GM	forage	crops(lesser	
lignocellulosic content and high protein) to improve the digestion 
& rumen fermentation to increase productivity 

26
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Optimization of Reproductive Efficiency

Improving female fertility through addressing the major reproductive 
problems viz. anestrus, silent estrus, seasonality of reproductive activity, 
heat stress, neonatal mortality, and pregnancy losses, will eventually 
result in more calf-crop over life-time of a female and consequently 
production of milk. Requirement of superior buffalo germplasm can be 
met more efficiently by producing superior breeding bulls to meet the 
rising demand of frozen semen for AI in large population of breedable 
buffaloes. Production of buffalo sexed semen will effectively impact milk 
production as well as environmental factors. This can be supplemented 
with semen micro-encapsulation technology, development of buffalo 
specific semen extenders and optimization of protocols for enhancing 
semen freezability. Selection of superior male and females shall be 
achieved by research on molecular markers of fertility and semen sexing 
and cloning of superior bulls. Other reproductive biotechnological tools 
viz. ETT, IVF and cloning can be roped in to attain the production 
of higher number of superior male stock for further use in frozen 
semen production. Study of follicular dynamics, optimal superovulatory 
protocols for the species, efficient ovum-pickup and IVF techniques shall 
aid the pace of adaption of reproductive biotechnologies. Increasing the 
efficiency of novel reproductive biotechnological tools such cloning, 
and transgenic animal production techniques for bioreactor will have 
a positive effect on the productivity of buffaloes. Most efficient donor 
cells from the males for bull production shall help in multiplying the 
progeny tested males.

Improvement in Feed Resources Utilization

The nutritional needs of buffaloes with respect to energy, protein, 
minerals and vitamins to be updated regularly keeping pace with 
expected improvement in production capacity of buffaloes.

Detailed analysis of microbial genomics of the rumen to be the area 
of high priority research. This will assist in development of methods 
for chemo-genomic regulation of rumen function and development 
of genetically modified rumen microbes with tremendous capacity to 
increase fibre digestion and reduce methane emission. 

Management and Health Modules

Management of neonatal mortality through surveillance, 
seromonitoring, prophylactic and control measures.

Study of animal behaviour under conventional and upcoming 
intensive husbandry for evolving humane interventions and ensuing 
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sustainable production & reproduction.

Technology Dissemination and Adoption

Buffalo husbandry based knowledge management portals to be 
developed for involving diverse stakeholders, including changing 
husbandry scenario. 

Human Resource and Infrastructure Development

Capacity building and use of high-throughput bioinformatics tools to 
analyze the phenomics genome, transcriptome and proteome sequences 
to unveil the mystery of buffalo diversity with respect to desired traits 
is envisaged. 

Collaboration with leading national and international laboratories for 
human resource development and multi-pronged attempts for solving 
the issues in improvement of buffalo productivity.
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