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Abstract
Of late, climate change is a major concern for current agriculture systems including livestock farming. Agriculture is

the primary source of livelihood for about 58.0 per cent of India’s population, and over 86.0 per cent of the country’s
farmers are small and marginal farmers. Climate change is a real hazard to the livelihoods of such smallholder farmers.
While the livestock sector plays a crucial role in food supply and food security, livestock both contributes to and is affected
by climate change. Climate change is a great threat to livestock farming because of the potential impact on the quality of
feed crops and forage, water availability, feed intake, physiology, livestock production, reproduction, livestock products’
quality and livestock diseases. Responding to the challenge of climate change on livestock systems requires designing
suitable climate resilient technologies which can reduce climatic impacts on livestock. Most of the studies covering climate
change effects on the livestock production system, adaptation, and mitigation measures have been reported in developed
countries. Of particular interest is to explore some climate resilient technologies (e.g. year round green fodder production
in rain fed areas, hydroponic green fodder production, sensor based smart brooder and climate resilient Kadaknath
poultry farming) that may be useful locally for augmenting livestock production and income of the smallholder farmers
in developing counties like India.

Key words: Climate change, Climate resilient technologies, Hydroponic fodders, Kadaknath poultry,
Sensor based brooder

Highlights
 Climate change is a major concern for the agriculture system including livestock farming.
 Climate change is a real threat to smallholder farmers in the world.
 Responding to the challenge of climate change on livestock systems requires designing suitable

adaptation and mitigation measures at regional and local levels.
 Documentation of few case studies on some climate resilient technologies that are useful for

smallholder farming system.

INTRODUCTION
India is the largest milk producer, 2nd largest

producer of vegetables and fruits, 3rd in fish
production, 4th in egg and 5th in poultry farming
in the World. The most promising fact is that

India ranks 2nd in agricultural production in the
world. But it is a matter of great concern that
the Global Hunger Index 2021 has
placed India at the 101 position out of the 116
countries. India is among the 31 countries
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where hunger is considered as serious. While
achieving ‘zero hunger’ by 2030 is a huge task,
the entire world faces the effects of climate
change. The effects of climate change are not
just limited to human beings but also seen in
the agriculture-l ivestock food production
system.

The global scientific community makes a
consensus that some climate change has already
been occurred and that further change is
unavoidable (IPCC, 2013; Quere et al., 2014).
The continued greenhouse gas (GHGs)
emissions at or above current rates will lead to
further increase in global warming in this
century (WMO, 2014). Carbon dioxide (CO2),
methane (CH4) and nitrous oxide (N2O) are the
three major GHGs. Most climatologists agree
that the rise in GHGs in the atmosphere results
an increase in air temperature as well as an
alteration in rainfall pattern with increased
frequency and severity of extreme weather
events, such as frosts, heat waves, droughts and
flood that pose a threat to agriculture and
livestock food chain system worldwide (IPCC,
2001; Thompson, 2010). For example,
Bangladesh is one of the disaster-prone areas
and worst sufferers for global warming and
climate change due to rising sea level (Chen
et al., 2012).

Climate change is a major concern for
current agriculture systems. Agriculture is the
primary source of livelihood for about 58.0 per
cent of India’s population, and over 86.0 per
cent of the country’s farmers are small and
marginal farmers, working on lands smaller
than 2 hectares (Agricultural Census, 2015- 16).
In Asia and sub-Saharan Africa, almost 90 per
cent of the farmers have small farm households
smaller than 2 hectares (Lowder et al., 2014).
In fact, smallholder farmers constitute the largest
proportion of the 570 million farms worldwide
(Lowder et al., 2016). Climate change is a real
threat to the livelihoods of such 570 million
smallholder farmers in the world.

The livestock sector plays a vital role in food
supply and food security. Livestock products
(meat, milk and eggs) contribute 15 per cent

and 31 per cent of the global per
capita calorie and protein supply, respectively
(FAOSTAT, 2020). As there is a rising trend of
human population growth, urbanization,
coming up of affluent ‘middle class’ consumers
and improvement in the global standard of
living, specially in the tropical and sub-tropical
regions of the globe, the preference towards
animal protein-based diet is increasing than the
grain-based diet (Rae and Nayga, 2010).
Livestock origin products are becoming an
important agricultural commodity in the global
food security arena. Thus, the animal origin
food demand is expected to rise by 62 per cent
for milk and by 77 per cent for meat by the
year 2050 as compared to 2005-07
(Alexandratos and Bruinsma, 2012). Global
farm animal production is expected to be
doubled by 2050 from the present levels.

Livestock is affected by climate change as
well as contributes to climate change. Different
livestock rearing systems, animal type, land use,
feed type, enteric fermentation, manure
management, slaughtering, processing, and
storage contribute significantly to the total GHG
emissions (Haldar et al., 2022a). The livestock
sector contributes 14.5 per cent of global GHG
emissions  (Gerber et al., 2013) and thus may
increase land degradation, air and water
pollution, and declines in biodiversity (Steinfeld
et al., 2006; Reynolds et al., 2010; Thornton
and Gerber, 2010; Bellarby et al., 2013). At the
same time, climate change is a great threat to
the livestock production system because of the
potential impact on the quality of feed crop and
forage, water availability, feed intake,
physiology,  livestock production,  and
reproduction (Polsky and von Keyserlingk,
2017; Lees et al., 2019; Romo-Barron et al.,
2019; Saeed et al., 2019; Gauly and Ammer,
2020; Tedeschi and Fox, 2020). Climate change
may also affect the geographical and seasonal
distributions of many livestock diseases,
particularly vector-borne, as well as many
parasites and pests (Bagath et al., 2019; Filipe
et al., 2020). The ability of current livestock
systems to support livelihoods and meet the
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increasing demand for livestock products is thus
threatened (Godde et al., 2021).

Responding to the challenge of climate
change on livestock systems requires designing
of suitable adaptation and mitigation measures
(Gerber et al. ,  2013). There are many
adaptation and mitigation options which can
reduce climatic impacts on livestock, but the
rational use of such technologies needs to be
addressed in the farming communities through
some planned extension programs. Most of the
studies covering climate change effects on the
livestock production system, adaptation, and
mitigation measures have been made in
developed countries.  There is a lack of
information related to the current use of
adaptation and mitigation measures based on
location and livestock farming system (Rojas-
Downing et al., 2017). An attempt has been
made to document few case studies on some
climate resilient technologies that may be useful
to augment livestock production and enhance
farmers’ income under the smallholder farming
system in the Indian context.

Case study 1: Opportunity for round the
year green fodder production in rain fed
areas

The highest livestock population with
highest milk production has been registered in
India during the last few decades. However,
India is currently facing a deficit of 35.6 per
cent of green fodder, 10.95 per cent of dry
fodder and 44 per cent of concentrate feed
ingredients (IGFRI Vision, 2017). Thus, the
livestock of our country suffer from
malnutrition or under-nutrition, leading to low
productivity (Prajapati et al., 2019). While the
average milk yield of cattle around the world
and in Europe in about 2238 and 4250 kg per
lactation, respectively, the average yield of
Indian cattle is only about 1538 kg per lactation
(Vijay et al., 2018). The green fodders from
cultivated lands along with collected grasses
and top feeds are often fed to cattle and
buffaloes (Shashikala et al., 2017). Compared
with other available dry roughages, green

fodder is a natural, highly palatable, and
digestible feed enriched with micronutrients
helping in improved nutrient digestibility and
maintaining in good health and performance
of animals (Jemimah et al., 2018).

A large number of farmers are not aware
about economic benefits of green fodder
feeding to dairy animals. At the same time,
cultivation of green fodders requires good-
quality land, assured source of good-quality
irrigation water, higher doses of fertilizers and
regular care, apart from good-quality seeds from
reliable sources. Moreover, rapid urbanization,
shrinkage in pasture lands, climate change,
vagaries in monsoon, water scarcity etc. are
leading to huge deficit of green fodder in India
(Gunasekaran et al. ,  2019). For last  3-4
decades, the total area under cultivated fodder
accounts for only 4 per cent of the total
cultivated land (8.4 million ha) in the country,
and has remained static (Meena et al., 2018).

It is really difficult to motivate farmers for
using arable lands for fodder cultivation. While
continuous cultivation of rice-wheat causes
deterioration of soil health, ultimately resulting
in decreased production, diversification of rice-
wheat systems with fodder crops on a rotational
basis can be adopted as a strategy for ensuring
year-round fodder availability in India (Banjara
et al., 2021a; 2021b). The cropping system with
forage crops provides a potential alternative to
overcome the fodder problem as it utilizes the
resources more efficiently (Singh et al., 2022).

We have also opportunities for fodder
production through alternate land uses,
rehabilitation of all kinds of degraded lands
under perennial vegetation or mixed kind of
fodder cultivation involving leguminous and
grass fodders in different seasons (Dagar,
2017). In India, out of 121 million ha of
degraded land, 82.6 million ha is estimated to
suffer from water erosion, 24.7 million ha from
chemical degradation, 12.6 million ha due to
wind erosion and 1.1 million ha from physical
(mainly due to stagnation of water) degradation
(NAAS, 2009). Thus, cultivating green fodder
round the year in barren land is a serious
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challenge for farmers, particularly for marginal
and smallholder farmers (Singh et al., 2015).
Hence, figuring out the possibility of cultivation
of green fodder in barren land is the need of
the hour.

A vast area of barren land prevails in Bihar,
Jharkhand and Odisha. Banka district of Bihar
is one such district where more than 50 per cent
of land is barren and/or forest cover. Rain fed
agriculture due to lack of assured irrigation is
common in the Banka district. The cultivation
of green fodder in fertile land for animal feeding
is not in practice by the farmers. The annual
rainfall is only 1004.5 mm with a severe lack
of rain for 6 months from November to April
(Fig. 1), resulting in a scarcity of greens
throughout the year. Due to the unavailability
of green fodders and the huge cost of
concentrate feeds, the cost of milk production
sounds high. So, the farmers are not much
interested to increase the dairy farm size. Since
2015, Krishi Vigyan Kendra (KVK), Banka has
come forward to promote green fodder
production in the barren land of the Banka
district of Bihar through the capacity building
of the farmers on the preparation of barren land
using compost and agronomic practices for

producing green fodder round the year in a
planned manner by the cultivation of cowpea,
cluster bean and rice bean with bajra and maize
in kharif/ monsoon season followed by oat with
berseem in rabi/winter season besides stylo,
clitoria, hybrid napier and sudan grasses as
perennial green fodders. In the rabi season,
berseem, oats (multi-cut) and dual-purpose
barley have been reported as the choice of green
fodders (Kaur et al., 2018). The inclusion of
legume and cereal fodder crops together might
be a balanced diet to the animals (Kadam
et al., 2017). The terrace risers of agricultural
fields planted with suitable grasses could help
in conserving soil and crop productivity
(Ghosh, 2010). Sudan grass with its tremendous
capacity to produce higher biomass, could be
a good option during the summer and rainy
seasons (Hazary et al., 2015). Napier grass
having quick re-growth after cutting, has been
suggested as an excellent perennial fodder crop
(Rusdy, 2016; Negawo et al., 2017).

In the Banka district, the farmers have
converted 6.75 ha of barren land into cultivable
land for green fodder production in five years.
Once the green fodders have been available,
concentrate feeding has been reduced by 20

Fig. 1. Monthly average rainfall (1004.5 mm) patterns in the Banka district of Bihar
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per cent and intake of dry fodder, particularly
straw diminished by 55.4 per cent. The total
cost of feeding has been decreased by 16 per
cent. The technical knowhow for green fodder
cultivation in the barren land of Banka district
has not only ensured a significant increase in
milk yield but also helped in the maintenance
of normal health and reproductive cycle of dairy
cows. Green fodder feeding has improved the
health status of animals and thus the cost of
input on treatment has been decreased from
3.78 per cent to 2.37 per cent of total input.
The mortality of calf has also been reduced after
feeding green fodders. The net profit has been
increased by 25 per cent. Hence, the proper
utilization of opportunity for round the year
green fodder production in barren land under
rain fed situation can meet the shortage of green
fodders, decrease the cost of milk production,
enhance the net profit and improve green
environment too (Meena and Singh, 2014).

Case study 2: Hydroponic green fodder
production: An innovative solution in times
of drought or water scarcity areas

In recent decades, climate change has an
adverse effect on global water availability. The
fodder production in the open field requires
plenty of water and is sometimes disturbed by
sudden climate changes. Of late, hydroponics
technology has come up as the best alternative
for the production of highly nutritious, palatable
green fodders within 7-8 days without soil using
nutrient solutions or minimum requirement of
water in a confined environment (Al-Karaki,
2011). Only 1.5 to 2 L of water are required to
generate 1.0 kg of hydroponic fodder,
compared to 454.5, 713.3, 312.5, 267.0, and
555.0 L of water required to produce 1.0 kg of
green fodder from berseem, lucerne, oat,
sorghum, and cowpea under open field settings,
respectively (Singh et al. ,  2014). While
conventional agricultural practices for fodder
production require a massive amount of water,
hydroponic fodder production is getting
attention for water-saving as it uses only 2-3 L
of water to produce 1.0 kg of green

fodder (Ramteke et al., 2019; Indira et al.,
2020; Suma et al. ,  2020). The basic
fundamental of hydroponic fodder production
and rationality from water conservation,
minimum land use, and least use of chemicals
and its benefits for animal production have been
reported elsewhere (Bakshi et al., 2017; Shit,
2019; Abdula, 2022).

Climate change has a negative effect on the
production and quality of open-field fodder
crops for livestock (Rojas-Downing et al. ,
2017; Attia-Ismail, 2019). Hydroponic plant
materials and fodders are rich in protein and
energy, and easily digestible (El-Morsy et al.,
2013). There is a great nutritional benefit
provided by hydroponic sprouted fodder to
optimize the general health and performance
of young animals while minimizing feed costs
(Anonymous, 2013). Since hydroponics fodder
is more palatable, digestible and nutritious, it
improves immune status of the animals and
augments productive and reproductive
performance of the animals (Suma et al., 2020).
Recent research shows that hydroponic fodder
production in a shipping container can reduce
GHG emissions (per nutrient mass) by 7.4 per
cent compared with conventional farming for
barley fodder production (Newell et al., 2021).
Hydroponic fodder production is a fruitful
growing technology that provides a continuous
supply of green fodder all year round, even
during worse climatic conditions for sustainable
livestock production. In situations, where
conventional green fodder cannot be grown
successfully, hydroponics fodder can be
produced by the farmers using low-cost devices
and management.

A case study on the cultivation and feeding
of hydroponic green fodder in dairy animals
by a farmer has been registered in the Angul
district of Odisha. Assured irrigation is the major
constraint in the development of agriculture in
many parts of an industrial district like Angul
of Odisha. Mining activities in the Angul district
of Odisha are bringing adverse effects on water,
air, natural vegetation and agricultural fields.
The annual rainfall is only 1221.8 mm with a
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severe lack of rain for 4 months from January
to April (Fig. 2). Only 27 per cent of the
cultivated land is under an irrigation system in
the Angul district. Farmers cultivate only paddy
and vegetables. Farmers of Angul district neither
grow green fodder in irrigated land nor in less
fertile land under rain fed condition. Hence,
KVK, Angul planned to make farmers aware
of hydroponic green fodder production.

After attending hands on training programs
organized by KVK, Angul, Shri. Keshab Singh,
hail ing from the Village-Purikia, Block-
Banarpal, District- Angul, started production of
hydroponic green fodder under a low-cost
management system in a low-cost house
fabricated with brick masonry measuring about
10 ft × 10 ft × 10 ft. The inside of the house had
sufficient light and air. Locally available 3-tire
bamboo rack of 3 ft wide on all 4 sides was
made and placed inside the house. A total of
35-40 plastic tray of a size of 1.5 ft long and
1ft wide was set on the racks in a row.
Hydroponic green fodders of maize (Zea mays)
and wheat (Triticum aestivum) were cultivated
in plastic trays with a seed rate of 0.350 and
0.250 kg/ft2, respectively. Each kg of maize
grain produced 7.5 kg green fodder, while 1.0
kg wheat grain registered the production of 6.0

Fig. 2. Monthly average rainfall (1221.8 mm) patterns in Angul district of Odisha

kg green fodder within a period of 9-10 days
(Fig. 3). Shri Keshab Singh fed hydroponic
green fodder to his cows and recorded an
increase (P<0.05) in total roughage intake and
reduction in concentrate mixture intake. The
feeding of hydroponic maize fodder in lactating
cows replaced maize partially in concentrate
mixture (Naik et al., 2017). The incorporation
of hydroponic fodders in the dairy ration
significantly enhanced (P<0.05) milk
production per cow per day, reduced (P<0.05)
the cost for producing each kg of milk and thus
increased (P<0.05) the net profit per cow per
day as reported by Shri Keshab Singh. The milk
yield was enhanced by 7.8-13.7 per cent by
feeding of hydroponic fodder due to the higher
nutrient digestibility (Naik et al., 2014). Farmers
in Maharashtra’s Satara region reported an
increase in milk yield per cow per day and a
net profit of Rs. 25-50 per cow per day due to
feeding of hydroponic fodders to their dairy
animals (Bakshi et al., 2017). The success of
Shri Keshab Singh indicated that hydroponic
fodder production could be considered as
climate-smart agriculture (CSA) practice for
providing green fodder in the extreme climatic
conditions, where arable land and water scarcity
were serious challenges.
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Fig. 3. Hydroponic green fodders produced under low-cost management system

Case study 3: Sensor based smart brooder
for the reduction of carbon footprint

Energy is the heart of an economy. In
today’s world, the demand for energy due to
the growing population and urbanization is on
the rise (Zhang et al. ,  2017). Energy is
indispensable to achieving interrelated
economic, social, and environmental goals in
sustainable development. However,  the
increase in the consumption of energy is
becoming a threat to the global environment.
Energy consumption makes a big contribution
in influencing CO2 emission and thus climate
change in the presence of carbon (Tong et al.,
2020). The relationship between energy
consumption and CO2 emission indicating
reduction in energy consumption can help to
reduce the level of CO2 emission (Chontanawat,
2020; Osobajo et al., 2020). Alternatively, the
higher the level of energy consumption, the
higher is the carbon footprint (Sasana and Putri,
2018; Sritrisniawati et al., 2022). Increased
energy consumption that results in
CO2 emissions and more carbon footprint has
a negative impact on the environment and
health (Apergis and Payne, 2009). Thus,
developing countries face challenges and
problems in increasing economic growth and
reducing the negative impact of energy

consumption on the environment (Shaari et al.,
2013).

In a country like India which largely
depends on primary industries for the income
of the majority of the population, poultry serves
as a secondary as well as primary source of
income for many families. Poultry farming is
one of the energy intensive industries that
consume a large amount of energy to provide
the suitable indoor environment for chicken
health and production like meat and eggs (Cui
et al. ,  2020). Several digital technologies
including Information and Communication
Technologies (ICTs), Internet of Things (IoT),
etc., are now in use with greater gains and
efficiencies for smart and precision livestock
farming (Haldar et al., 2022b). The livestock
farm industry is now the hotspot for the
application of these advanced technologies to
monitor farm animal in real-time basis.
Therefore, the state-of-the-art, innovative
environmentally friendly, cost-effective and
energy-saving strategies are absolutely
necessary in order to decrease operating costs,
improve farmers’ profits and reduce carbon
footprint.

A micro-controller sensor based smart
poultry brooding system for efficient electricity
use has been demonstrated among the
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smallholder farmers by Sasya Shyamala
KVK, South 24 Parganas of West Bengal. A
total of 14 poultry farmers who had exposure
to poultry training from KVK were randomly
selected. Out of 14 farmers, 7 farmers used smart
brooder and the rest 7 continued with the
conventional method of brooding. Each farmer
was given 50 numbers of day-old broiler chicks.
The smart brooder consisted of one micro-
controller (Model No: SZ-7524-P, Subzero,
India), one thermo-sensor (NTC, India), cluster
of two incandescent bulbs (200 watts each) and
one small fan fitted in a wooden frame (Fig. 4).
The system used a sensor to detect  the
temperature of the brooder and maintained the
temperature automatically. A threshold for
temperature level (95°F) was set that suited for
the chicks brooding period. The intelligent
system automatically puts off the bulbs when
the temperature threshold is exceeded. On the
other hand, the conventional brooder was made
of a wooden frame with two incandescent bulbs
(200 watts each) without any sensor and
thermostat. The brooder (smart/conventional)
was placed in the middle of the brooding area
(40 square feet). Three top drinkers (500 mL)
were placed as source of drinking water. Starter
feed (EPIC) was provided ad-lib on feeding
trays. Saw-dust was used as litter materials. To
determine electric consumption, one electric
meter was connected to each brooder. Standard

Fig. 4. Smart brooder with microcontroller and sensor

vaccination schedule and strict monitoring were
followed to rule out any possible management
errors during the brooding period.

The body weights of birds under smart
brooder and under manual brooder did not
differ (P>0.05) in the present study; however,
Corkery et al.  (2013) reported that smart
sensing technologies in poultry houses could
enhance growth performance. The excess heat
generated from the manual brooder might be a
factor for reduced growth performance in
manual brooding. There was no mortality of
chicks during the trial period. The electric
consumption was recorded from both the
systems of the brooders and observed that the
average electric consumption (93.2 units) in
smart brooding system was significantly lower
(P<0.05) than the average electric consumption
(185.8 units) in the conventional brooding
system (Fig. 5). Though available literatures
(Bea and Malicdem, 2019; Poovendran et al.,
2020) indicated that the use of intelligent
systems with advanced micro-controllers in
poultry house could improve production, the
smart brooder saved the electric cost of poultry
grower and probably reduced the carbon
footprint. Such type smart brooder could
provide best temperature zone at each stage of
‘chicks’ growth in which the birds showed the
finest performance in terms of the use of feed
energy for growth. The temperature sensor
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based automatic smart brooder could provide
an efficient temperature monitoring system to
monitor the health and growth of chickens
without human interference (Jagdale et al.,
2020). Artificially intelligent temperature
monitoring system has been reported to use
machine learning for real-time temperature
monitoring to reduce the cost of brooding and
maintaining the air quality by reducing
excessive concentrations of air pollutants such
as ammonia and CO2 to increase the
productivity of the chickens (Patil et al., 2018).
Hence, micro-controller sensor based smart
poultry brooding system can be a climate
resilient unique technology in terms of cost-
effectiveness and reducing carbon footprint in
the environment.

Case study 4: Kadaknath: A climate resilient
poultry breed

Indigenous livestock and poultry breeds
have unique characters that have made them
more resilient to local agro-ecological
situations. These unique characters are resistant
to climatic stresses and diseases and have the
ability to ingest and digest low-quality feed.
Kadaknath is such an indigenous poultry breed
which has supposed to have heat tolerant ability
as this poultry breed has been originated from
the drought-afflicted Jhabua district of Madhya

Fig. 5. Comparative electric consumption

Pradesh, India (Thakur et al. ,  2006).
The Kadaknath breed is strong, climate resilient
and highly protective against diseases. Unlike
broiler chicken, this bird can survive even on
kitchen waste. The entire bird including
plumage, skin, shank including tissues and
muscles is black. The black-coloured
pigmentation is due to excessive accumulation
of eumelanin, a type of melanin pigment in
different body parts of this chicken. There are
three varieties: jet black, golden and penciled
(Parmar et al., 2007).

Kadaknath breed is experiencing higher
demand due to its meat quality, texture, taste
and perceived health benefits of its meat and
eggs (Kanakachari et al., 2022). Kadaknath
meat could have beneficial effects to increase
blood cells and haemoglobin (Thalkar, 2019).
Its black meat is priced three times more than
that of broiler chicken. It  has got the
geographical  indication (GI) tag by the
Government of India on 30th July, 2018. While
the overall progress of backyard poultry farming
is limited due to slow growth rate, poor laying
capacity, high seasonal mortality and sub
optimal management (Rawat et al. , 2016).
Kadaknath poultry birds has come up as the
climate resilient poultry breed with higher
growth rate and good laying capacity under
backyard system.
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Considering scope and potential in regards
to supplementary income,  additional
employment and securing the availability of
animal protein to the rural family,
Kadaknath farming under backyard system has
been promoted in many districts (Jharsuguda,
Angul, Ganjam, Sonepur, Keonjhar etc.) of
Odisha. Kadaknath birds showed good laying
capacity in the climatic condition of Odisha
(Jena et al., 2018). In 2018, KVK, Jharsugda
planned to test the performance of Kadaknath
birds and its socio-economic impact on
smallholder backyard poultry farmers in
Ghantamal village of Jharsuguda district of
Odisha. The farmers of Ghantamal were trained
on rearing of Kadaknath birds, supplementary
feeding, health management and marketing.
Thereafter, each farmer’s family was provided
with 15 nos. of 21 days old Kadaknath birds.
The birds were allowed to free range during
the day and confined in a small shed during
the night. A handful of grain (broken rice) was
given as feed supplement. Lately, cultivation
and feeding of azolla was practiced. The birds
started laying eggs upon attaining sexual
maturity by 130 days. At the initial laying
period, the egg size was small (40-45 g), but
within a month’s period, the eggs attained
marketable size (55-58 g). The female and male
birds attained average body weights at 4 months
of age to 1.8 kg and 2.2 kg respectively, which

Fig. 6. The benefit cost analysis of Kadaknath vs. Desi birds under backyard system of rearing

were higher (P<0.05) than that of desi birds at
the same age. The annual egg production
(average 80 eggs per bird) was higher (P<0.05)
than that of desi birds. The net profit from
Kadaknath birds was found to be significantly
higher (P<0.05) compared to that calculated
from desi birds (Fig. 6).

A farmer, Shri Susant Kumar Naik reported
that his family members successfully utilized
their leisure time for generating lucrative income
with minimum expenditure. They sold birds @
Rs.500/kg live body weight and eggs @ Rs.10/
egg. From 15 numbers of Kadaknath birds, he
was able to earn Rs 12,000/- in a year. He further
reported that daily food cost of his 5-member
family was Rs 320 /-. So, the net income from
the backyard rearing of 15 numbers of
Kadaknath birds was sufficient to meet the food
expenses of the entire family for 37.5 days. After
witnessing the success of the family, other
farmers of Ghantamal and surrounding villages
have shown their interest towards rearing of
Kadaknath birds.

Conclusion
Livestock production system has already

been established as a major contributor to
GHGs for global climate change. The negative
effect of climate change on livestock
production has also been figured out. However,
there is still limited information regarding the
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impacts of climate change on livestock
production systems across different agro-climatic
zones in developing countries like India. There
is a dearth of information related to the current
use of adaptation and mitigation measures to
combat the effects of climate change on different
livestock species for different locations or
regions under varied agro-climatic and socio-
economic situations. Hence, livestock farming
related mitigation actions need to be addressed
at local and regional perspectives. Nevertheless,
the available potential mitigation technologies
require further testing and refinement at the
farmers’ field before they can be considered
technically feasible and economically viable and
culturally fit. A few case studies on climate
resilient technologies from Eastern India have
been documented in the present study. The
involvement of all stakeholders (public and
private sector, civil society, research and
academic institutions) and support structures are
very much needed for enabling the end users
towards adoption of such climate resilient

technologies. It is thus need of the hour to
develop the capacity of the farmers and farmers’
family members towards understanding climate
change vulnerability and its mitigation measures.
Constant education and sensitization are essential
in order to aware and make the farmers ready to
adopt climate resilient technologies to combat
the possible effects of climate change.
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