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	ABSTRACT	
Climate-resilient	agriculture	(CRA)	is	an	approach	that	includes	sustainable	use	of	existing	natural	resources	through	crop	and	
livestock	production	systems	and	achieve	long-term	higher	productivity	and	farm	income	even	under	climate	variabilities.	The	
Climate	Resilient	Agriculture	(CRA)	programme	was	conducted	by	Krishi	Vigyan	Kendra,	Vaishali	in	�ive	villages	of	Bihar,	India.	A	
survey	conducted	revealed	that	after	the	introduction	and	three	years	of	continuation	of	the	programme,	maximum	number	of	
respondents	(58.88%)	were	found	to	be	in	the	category	of	higher	adoption	for	CRA	technologies	due	to	the	assured	bene�its	in	
economic	terms	as	well	as	for	soil	conservation	and	environmental	protection	and	has	made	more	and	more	farmers	to	adopt	those	
technologies.	Demonstrations	were	conducted	in	595	acres	in	kharif	season	and	623	acres	in	rabi	season.	The	B:C	ratio	of	all	kharif	
crops	were	higher	with	CRA	technology	application	(2.51	for	paddy,	2.52	for	maize.	1.58	for	pearl	millet	and	1.28	for	sorghum)	as	
compared	to	conventional	practices	(1.92	for	paddy,	2.11	for	maize.	1.25	for	pearl	millet	and	1.10	for	sorghum).	Crops	demonstrated	
in	rabi	season	also	showed	that	both	the	yield	and	B:C	ratio	(2.23	for	wheat,	3.5	for	lentil,	2.9	for	chickpea,	2.13	for	mustard	and	2.2	for	
rabi	maize)	were	higher	with	the	application	of	CRA	technologies	as	compared	to	traditional	ones	(1.8	for	wheat,	2.5	for	lentil,	1.3	for	
chickpea,	1.73	for	mustard	and	1.68	for	rabi	maize).	This	programme	has	open	many	new	climate	resilient	options	for	the	farmers	to	
adopt	in	this	scenario	of	changing	climatic	conditions.	The	climate	resilient	agriculture	(CRA)	technologies	have	been	very	successful	
especially	in	rabi	crops	and	increases	the	net	pro�it	of	farmers	by	cutting	down	the	cost	of	cultivation.	However,	the	major	challenges	
faced	in	the	implementation	of	the	programme	was	to	convince	farmers	to	come	out	from	their	traditional	method	of	crop	cultivation	
and	adopt	our	technologies	in	the	initial	stages	which	were	later	reduced	when	the	results	started	showing	the	impact.

Keywords:	Climate	Resilient	Agriculture,	conventional	practices,	climatic	conditions,	soil	conservation,	environmental	protection,	
cost	of	cultivation,	natural	resources,	climate	variabilities.

INTRODUCTION
Climate change is considered as one of the major environmental 
problems of present century which includes change in average 
weather conditions and occurrence of extreme weather events 
as well. This may be due to natural internal processes or 
persistent anthropogenic activities viz. increased industrial 
emissions, fossil fuel combustion, deforestation, biomass 
burning, change in land use and land management practices etc. 
which have resulted in an increased emission of harmful green 
houses gases (CO , CH , N O) into the atmosphere. These gases 2 4 2

increase the temperature of the earth surface causing global 
warming which in turn leads to regional changes in climate 
related parameters such as rainfall, soil moisture, sea level etc. 
The extensive and frequent occurrence of extreme climatic 

events such as heat, droughts and �loods in many parts of the 
world including India may be due to global warming. Climate 
change and agriculture are interconnected processes and 
agriculture is particularly vulnerable to climate change 
especially in a country like India where more than 70% of the 
farmers belong to small and marginal category as most of the 
agricultural activities are practices correlating with required 
climatic events. Higher temperature may lead to yield reduction 
in many crops by encouraging weed and pest proliferation. 
Change in precipitation pattern may hamper timely agricultural 
operations leading to short term crop failure and long term yield 
falloffs. Thus, it is high time to move to alternate Climate 
Resilient Agriculture (CRA) practices to cope up with the 
continuing and upcoming negative effects of climate change. 
Climate-resilient agriculture (CRA) is an approach that includes 
sustainable use of existing natural resources through crop and 
livestock production systems to achieve long-term higher 
productivity and farm income even under climate variabilities. 
Climate Resilient agriculture practices including improved 
access and utilisation of technologies and mechanisation, 
increased use of resource conservation technologies, adoption 
of climate resilient crops and varieties, tend to reduce hunger 
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and poverty in the face of climate change for forthcoming 
generations. CRA practices have the capability to alter the 
current situation and sustain agricultural production from the 
local to the global level in a sustainable manner. Climate-
resilient agriculture safeguards food security by enhancing 
smallholder farmers' productivity and transforms the current 
system to withstand current and future climate change effects 
[5]. Adoption of early maturing and drought tolerant varieties of 
certain crops, inclusion of nutri-cereals such as pearl millet, 
�inger millet, foxtail millet etc in cropping system, cultivation of 
green manuring crops such as dhaincha, cowpea, green gram 
etc, direct sowing of crops using zero tillage machine and bed 
planters, intercropping, rain water harvesting and laser land 
levelling of entire �ield are some of the CRA technologies that can 
have bene�icial effects in terms of net return and environmental 
friendliness as well.
The Climate Resilient Agriculture (CRA) programme has been 
formulated to prepare a workplan for the state of Bihar to cope 
up with current and future climate risk. The Borlaug Institute for 
South Asis (BISA) is the Nodal organisation along with Bihar 
Agricultural University (BAU), Sabaur, Dr. Rajendra Prasad 
Central Agricultural University (RPCAU), Pusa, Samastipur, 
ICAR-RCER, Patna are the partner for implementation of the 
project. 

MATERIALS	AND	METHODS
The Climate Resilient Agriculture (CRA) programme was 
conducted by Krishi Vigyan Kendra, Vaishali in �ive villages 
namely Nirpur, Bardiha, Bajitpur, Rasalpur and Repura of 
Patepur block with the technical support of Borlaug Institute for 
South Asia (BISA), Pusa. The demonstrations were being 
conducted in 595 acres in kharif	season, 623 acres in rabi season 
and 350 acres in summer season each year starting from the 
year (2020-21). All the demonstration plots were levelled using 
laser land leveller machine and sowing was done using 
machines such as happy seeder, zero tillage machine, drum 
seeder and raised bed planter. Recommended dose of fertilisers 
and plant protection measures was applied in the demonstrated 
plots.
A survey was conducted during the year 2022-23 at 5 CRA 
villages (Nirpur, Bardiha, Bajitpur, Rasalpur and Repura) with 
100 respondents to study the adoption level of farmer for 
different CRA technologies demonstrated at farmers �ield 
through the implementation of CRA programme. Personal 
interviews were conducted using a pretested structured 
interview schedule. The responses received were coded, 
processed and tabulated. 
In kharif	(2022-23), paddy was demonstrated in 535 acres land 
(including alternate wetting drying (AWD) in 56 acres, direct 
seeded rice (DSR) in 399 acres and drum seeding in 80 acres), 
maize was demonstrated in 15 acres with raised bed technology, 
pearl millet was demonstrated in 3 acres with raised bed 
technology and sorghum was demonstrated in 8 acres with 
raised bed technology as well. Rest area was covered under 
other kharif crops with different CRA technologies. In rabi 
(2021-22), wheat was demonstrated in 490 acres land including 
zero tillage in 480 acres and double row raised bed planting in 
10 acres, lentil was demonstrated in 20 acres with zero tillage, 
chickpea was demonstrated in 18 acres with zero tillage, 
mustard was demonstrated in 105 acres with raised bed 
technology and maize was demonstrated in 4 acres with raised 
bed technology. The grain yield (q/ha) and straw yield (q/ha) 
was recorded from each demonstration plot by crop cutting 

experiment. Statistical analysis was done to compare the 
signi�icant difference of grain yield and straw yield obtained 
before and after the implementation of the programme in which 
t-test was used where the number of demonstrations (N) was 
less than 30 and z-test was used where the number of 
demonstrations (N) was more than 30. The following formula 
was used for t-test and z-test as described in [4].

RESULTS	AND	DISCUSSION
Distribution of respondents according to their adoption of 
different CRA technologies introduced under the CRA 
Programme has been presented in Table 1. It indicates that in 
case of Laser Land levelling, majority of the people (68%) have 
already adopted and others are willing to adopt this technology 
which was only 8% in the category of high adoption before the 
programme. The adoption was 17% (before)and 27% (after) in 
medium category and 75% (before) and 5% (after) in lower 
category under the same CRA technology. This is because 
farmers across the village have seen the positive effects of land 
levelling in resource conservation and input saving after about 3 
years of implementation of the programme. [2] also reported 
that laser land levelling saves 15-30% water under various 
crops and cropping patterns, improves operational ef�iciency 
i.e., reduces operating time by 10 - 15% leading to reduced 
consumption of seeds, fertilizers, chemicals and fuel.
There has been an increase in percentage (i.e. 8%) in the 
category of higher adoption and decrease in percentage (i.e. 
6%) in the category of lower adoption after the implementation 
of programme as compare to before in cultivation of green 
manure crops as through different activities of the programme, 
efforts were taken to increase awareness among the farmers 
about the importance of cultivation of green manure crops 
instead of keeping the land fallow after wheat. According to the 
�indings of [8][11][12], green manuring improves soil organic 
matter, soil structure and also increases soil nitrogen content.
Frequency of adoption of direct sowing of crops in lines in 
higher adoption category has increased from 4% to 80% and has 
decreased in both medium category and lower adoption 
category from 13% to 85 and 83% to 12%, respectively after 
many demonstration were laid down with the use of this 
technology under CRA programme indicating that farmers are 
extremely moved with the bumper results of direct line sowing 
as compared to conventional broadcasting methods.
Similar �indings were recorded in case of zero tillage where the 
adoption in the category of higher adopters were even higher 
(82%) after the introduction of the programme as compared to 
only 4% before the programme. The adoption was 36% 
(before)and 6% (after) in medium category and 56% (before) 
and 12% (after) in lower category for the same climate resilient 
technology.
From table 1, increase in higher adoption levels and medium 
adoption levels by 22% and32%, respectively and decrease in 
lower adoption level by 54% was observed in the case of raised 
bed technology attributing to higher yield and resource saving 
for certain crops. Similar �indings were also reported by [6].
Table 1 indicated that earlier majority of the people belonged to 
lower category of adoption (88%) for including pulse in 
cropping system and only 5% belonged to medium category and 
7% belonged to higher categories of adoption. However, this 
percentage went upto 50% in the category of higher adoption, 
36% in the category of medium adoption and 14% in the 
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category of lower adoption after three years of continuation of 
the programme when the farmers were made aware about the 
importance and demand of pulse cultivation through different 
programmes organized under the programme.
 Inclusion of millets in the existing cropping system of farmers 
was a major task that was taken up through the introduction and 
implementation of CRA programme. Earlier, the percentage was 
highest in lower adoption category (95%) followed by only 5% 
of higher adoption. However, after millets were introduced in 
demonstration plots under programme and farmers were made 
aware of, the percentage increased to 22% in the higher 
adoption category and 48% in middle adoption category with a 
decrease in percentage to 30% in the lower adoption category. 
This is probably because of the fact that millets being climate 
resilient and hardy crop has stand out well and given stable yield 
even after extreme climatic events such as �lood and less rainfall 
that occurred during 2021 and 2022, respectively. [9] also 
reported that millets are known for their climate-resilient 
features including adaptation to a wide range of ecological 
conditions, less irrigational requirements, better growth and 
productivity in low nutrient input conditions, less reliance on 
synthetic fertil izers,  and minimum vulnerability to 
environmental stresses.
The percentage in category of higher adoption has increased 
from 35% to 65% , in the medium category, the percentage got 
decreased from 33% to 28% and in the lower adoption category, 
it got decreased from 32% to 7%, as well after the increase in 
awareness about the type of crops to be chosen, distance to be 

maintained and other package of practices required for 
intercropping. Also as documented by [10], intercropping 
increases production due to the complementary effects of 
intercrops on each other and reduced competition between 
them.
The percentage of adoption in higher category, middle category 
and lower category was 8%, 23% and 69%, respectively before 
the programme was started in the studied villages in case of use 
of tractor mounted machines for spraying agro-chemicals. 
However, after the implementation of the programme , the 
percentage in higher, medium and lower category was 78%, 
16% and 6% respectively indicating that when farmers came to 
know about the existance of such machinery through CRA 
programme which was earlier unknown and unavailable to 
them, the adoption rates of such machines automatically 
increased considering lower labour requirement and fastness in 
operation. 
Thus, from the above discussion it can be concluded that the 
introduction and implementation of CRA Programme in villages 
of Patepur block in the Vaishali district of Bihar has increased 
the adoption level of CRA technologies in the higher adoption 
category and decreased the same in the lower adoption 
categories indicating that CRA technologies have proved to 
show assured bene�its both monetary as well as environmental 
terms which has made more and more farmers to adopt those 
technologies after three continuous years of running the 
programme.

Table	1.	Distribution	of	respondents	according	to	their	adoption	of	climate	resilient	agriculture	(CRA)	technologies	(N=100).
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Table 2 depicting distribution of respondents according to their overall extent of adoption of climate resilient agriculture (CRA) 
technologies indicates that before the CRA programme was started in the villages of Patepur block, maximum number of 
respondents viz. 65.3% belonged to category of lower adoption followed by medium (20.26%) adoption category and only 14.44% of 
the respondents belong to higher adoption category. However, after the introduction and three years of continuation of the 
programme, maximum number of respondents (58.88%) are found to be in the category of higher adoption followed by medium 
adoption (28.22%) and lower adoption (12.90%). Thus, it can further be concluded that the programme has open many new climate 
resilient options for the farmers to adopt in this scenario of changing climatic conditions and adoption has certainly increased for the 
mentioned CRA technologies that has been demonstrated in farmer's �ield under this programme.

Table	 2.	 Distribution	 of	 respondents	 according	 to	 their	 overall	 extent	 of	 adoption	 of	 climate	 resilient	 agriculture	 (CRA)	
technologies	among	the	farmers	(N=100)

The t values and z values (“t” value in case N<30, “z” value in case 
N>30) for grain yield and straw yield before and after the 
implementation of CRA technologies in kharif season are 
present in Table 3. It is evident from Table 3 that z-test was found 
to be non-signi�icant in case of both grain yield and straw yield 
for paddy sown with all three CRA technologies viz. alternate 
wetting and drying (AWD), direct seeded rice (DSR) and drum 
seeding. However, in case of B:C ratio, it was found to be higher 
for all three CRA technologies of rice as compared to 
conventional rice cultivation method. Alternate wetting and 
drying (AWD) technology of rice recorded a B:C ratio of 2.20, 
direct seeded rice (DSR) recorded 2.51 and drum seeding 
recorded 2.44 which was higher when compared to the B:C ratio 
of rice before the implementation of CRA technologies (1.92) 
indicating that although signi�icant differences were not 
obtained for yield (grain and straw) but the pro�it earned by the 
practicing farmers was evidently high in case of CRA 
technologies. It was certainly because of the low input 
requirement in terms of irrigation and labour that has 
signi�icantly cut short the cost of cultivation and increased the 

pro�it. [3] also reported that DSR is more cost effective as 
compared to transplanted rice due to higher water productivity 
by >25% and labour saving by 13-37% .
Similar kinds of results were obtained for maize, pearl millet 
and sorghum sown on beds using tractor mounted bed 
transplanter. The t-test for grain yield and straw yield of raised 
bed maize and raised bed pearlmillet was found to be non-
signi�icantly higher. However the B:C ratio for raised bed maize 
(2.52) was found to be higher as compared to maize sown 
manually (2.11) before the programme was introduced. Also, 
bed planted pearl millet recoded greater B:C ratio of 1.55 as 
compared to the B:C ratio of 1.25 of the pearl millet cultivated by 
traditional method. In case of sorghum, maximum farmers used 
to cultivate this crop as fodder through ratooning, thus the straw 
yield of sorghum shown in Table 3 before the implementation of 
the programme is much higher than after. However, when the 
crop was grown for both grain and as well as straw without 
ratooning, the B:C ratio was found to be increased from 1.10 to 
1.28 indicating growing pro�its to farmers with the adoption of 
this particular CRA technology (raised bed planting).

Table	3.	Difference	 in	production	 levels	of	before	 (with	conventional	method	of	 cultivation)	and	after	 (with	Climate	Resilient	
Agriculture	(CRA)	technologies)	the	implementation	of	climate	resilient	agriculture	(CRA)	technologies	in	kharif	crops

**Signi�icant	at	0.05%	level,	*Non	signi�icant	at	0.05%	level
“t”	value	in	case	N<30,	“z”	value	in	case	N>30

Table 4 depicts the t values and z value for grain yield and straw yield of rabi season crops along with B:C ration for before and after 
the use of CRA technologies in those crops. In case of wheat crop, both the climate resilient technologies viz. zero tillage and raised 
bed planting showed signi�icantly better results as compared to conventionally grown wheat crop. Grain yield and straw yield 
obtained from wheat crop sown under zero tillage (58.2 q/ha and 87.3 q/ha, respectively) was signi�icantly higher compared to 
conventional wheat (37.3 q/ha and 55.95 q/ha, respectively) with a z value of 7.68 for grain yield and 9.02 for straw yield. Also, the 
B:C ratio was higher for this zero tillage (2.23) than conventional method (1.8). These �indings are in accordance with the �indings of 
[13] who also reported that after the adoption of zero tillage, the wheat yield was increased in many parts of the country.
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Table	4.	Difference	 in	production	 levels	of	before	 (with	conventional	method	of	 cultivation)	and	after	 (with	Climate	Resilient	
Agriculture	(CRA)	technologies)	the	implementation	of	climate	resilient	agriculture	(CRA)	technologies	in	rabi	crops

**Signi�icant	at	0.05%	level,	*non-signi�icant	at	0.05%	level
“t”	value	in	case	N<30,	“z”	value	in	case	N>30

Also, it is evident from Table 4 that the grain yield and straw yield recorded with raised bed technology of wheat crop (60.5 q/ha and 
90.75 q/ha, respectively) was signi�icantly higher as compared to conventional wheat (37.3 q/ha and 55.95 q/ha, respectively) with 
a z value of 8.59 for grain yield and 9.25 for straw yield. The B:C ratio recorded for raised bed wheat (2.17) was also higher than the 
traditional method of wheat cultivation (1.8). [3] also found that in studies carried out in India in rice-wheat system, the cost of 
production was signi�icantly higher for conventional tillage in wheat as compared to zero tillage.
Similar trend was observed in case of maize sown with raised bed planter which recorded a signi�icantly higher grain yield of 86 q/ha 
and straw yield of 100 q/ha as compared to manually sown maize with a grain yield of 54 q/ha and straw yield of 75 q/ha. This 
technology recorded a t value of 5.42 for grain yield and 8.17 for straw yield. Also, B:C ratio was higher for machine planted maize 
(2.20) as compared to manual planting (1.68). [1] also recorded 5-10% increase in maize yield with tractor drawn raised bed planter 
over conventional practice.
However, for other rabi crops such as lentil, chickpea and mustard, the grain yield and straw yield obtained with CRA technologies 
were not signi�icantly higher than the conventional cultivation method of those crops but the B:C ratio was higher in each case. Zero 
tilled lentil recorded a higher B:C ratio of 3.5, zero tilled chickpea recorded a higher B:C ratio of 2.9 and raised bed mustard also 
recorded a higher B:C ratio of 2.13 as compared to the B:C ratios of their conventional cultivation methods (2.5, 1.3 and 1.73, 
respectively) indicating growing net return of farmers with the use of climate resilient technologies.
It can be concluded from the above discussion that in case of rabi crops, the climate resilient agriculture (CRA) technologies have 
been very successful and thus there is more adoption of those technologies among the practicing farmers.

Table	 5.	Mean	 yield	 and	 B:C	 ratio	 of	 crops	 introduced	 in	 CRA	 villages	 through	 the	 implementation	 of	 Climate	 Resilient	
Agriculture	(CRA)	Programme

Table 5 indicates certain other crops such as soyabean, 
groundnut, pigeon pea and foxtail millet that were introduced in 
the villages of Patepur block of Vaishali district of Bihar under 
the climate resilient agriculture (CRA) Programme and grown 
using different CRA technologies. The results indicated that 
these crops when cultivated with CRA methods recorded good 
yield and pro�itable B:C ratio in the existing climatic and soil 
conditions. Soyabean recorded a B:C ratio of 2.07, groundnut 
recorded a B:C ratio of 1.75, pigeon pea recorded a B:C ratio of 
2.45 and foxtail millet recorded a B:C ratio of 1.63 indicating that 
these crops can be included in the cropping system as climate 
resilient crops that would enrich the cropping system as well 
soil being leguminous and resilient millet crops.

Constraints	in	adoption	of	technology
The most important constraint in the adoption of Climate 
Resilient Agriculture (CRA) technologies as found from the 
conducted survey is fragmented land holdings of farmers. 
Majority of the farmers belonged to small and marginal category 
and had fragmented lands which is a major problem for the 
operation/ working of machines. Also availability of the 
machines at proper time and at proper rates is another problem. 
Apart from these, social factors like mindset of the farmers is 
also a major ice to break for the technologies to undergo wide 
adoption.
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CONCLUSION
The above study showed that the introduction and 
implementation of CRA programme has increased the adoption 
level of CRA technologies among the farming community due to 
the assured bene�its in both monetary as well as environmental 
terms and has made more and more farmers to adopt those 
technologies. This programme has open many new climate 
resilient options for the farmers to adopt in this scenario of 
changing climatic conditions. 
The climate resilient agriculture (CRA) technologies have been 
very successful especially in rabi crops and increases the net 
pro�it of farmers by cutting down the cost of cultivation.

FUTURE	SCOPE	OF	THE	STUDY
Climate change is possibly the most intricate and challenging 
concern in today scenario, thus research aimed at mitigating the 
impacts of climate change in a country like India is very 
important in the present situation and will continue to be so in 
the future. Development and inclusion of region-speci�ic climate 
resilient varieties in the cropping system can be a component of 
future focus in this type of studies. 
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