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Abstract 
Several studies conducted in Jharkhand have clearly indicated the changes in climatic pattern with most prominent experiences of hot and dry weather with scorching temperatures and heat waves. These alterations affect dairy animals directly or indirectly and pose challenges for sustainable dairy husbandry. Therefore, to achieve climate resilient dairy farming systems, it is foremost important to understand the perceptions of the dairy farmers for gauging their responses to this changing situation. In this context, the present study was carried out to assess the perceptions of climatic variability among 240 dairy farmers from all the three agro-climatic regions of Jharkhand. 
The results indicated that nearly 55% and 52% farmers showed medium perception about climate change parameters and climate change phenomenon, respectively. Majority of the farmers perceived increase in length of hot periods (82%) and summer season (71%), erratic rainfall (54%) and extreme annual weather conditions (64%), decrease in length of rainy season (57%) whereas majority does not know about the change in annual temperature and annual rainfall. Most of the farmers strongly agreed with increasing environmental temperature (52%) and decreasing precipitation (49%) whereas most of them agreed that climate is really changing(67%) with significant changes in weather pattern causing serious problem and needs immediate attention (44%). Farmer’s perception was found significantly correlated with age, farming experience, land holding, annual income and SES, and was significantly affected by education and gender at 1% level of significance. The medium level of perception about climate change in the present study indicates future thrust on organizing camps and trainings on climate change issues by the state animal husbandry departments, SAUs/SVUs, KVKs and NGOs.
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Introduction 
	Climate change has emerged as a global problem affecting each and every living organism. Like human beings, animals had also experienced the adverse impact of changing climate. Dairy animals particularly the cattle and buffalo are suffering from direct impact like reduced feed intake causing reduction in milk production, infertility, delayed estrous, occurrence of diseases, and indirect impact like unavailability of green fodder round the year.
Climate change is manifested in terms of rising temperature, increased incidence of drought and floods, and erratic rainfall. Among all these components, heat stress is the most important one as it directly threatens the animal health and production (André et al., 2011 and Osei-Amponsah et al., 2020). In stressed condition many physiological changes takes place within the body of animal resulting into reduced dry matter intake and metabolism, and altered efficiency of feed utilization and water metabolism (Ganaie et al., 2013). These changes not only affect the physiological and biochemical processes inside the body but also the immune system and rumen microbial composition (Chen et al., 2015). High relative humidity further aggravates the condition. It adversely affects the ability of dairy animals to dissipate excess body heat. 
Thus the heat stress causes reduced feed intake that leads to sharp decline in milk production and quality of milk, and reproductive efficiency. Ultimately profitability for dairy farmers is negatively affected. Adequate knowledge of dairy farmers about the changing climate enables them to adopt mitigation strategies like using fans or sprinklers in the shed, providing fresh and cool drinking water, and changing the feeding time. 
Therefore, the present study was carried out to know the knowledge level of dairy farmers about climate change and to help the extension people and policy makers in planning and implementing appropriate programs which will improve the knowledge level and livelihood sustainability of the dairy farmers.

Materials and methods
	The present study was conducted in three agro-climatic regions of Jharkhand. From each region, two districts were selected randomly. From each district 120 dairy farmers having at least two dairy animals and farming experience of minimum ten years were selected as respondents. Thus, a total of 240 respondents were interviewed to generate data for the present study and to interpret the findings of the study meaningfully.
The knowledge was measured using a structured schedule, employing a three-point continuum for quantifying knowledge about climate change and a four-point continuum for quantifying knowledge about the impacts of climate change. The scoring pattern ranged from 2 to 1 for climate change knowledge and from 3 to 0 for impact knowledge. Respondents were categorized based on the highest score minus the lowest score, divided by three, as follows:
Results and discussions
1.    Knowledge of dairy farmers about climate change
Table 1 and Fig. 1 indicates 60.83% farmers had medium knowledge level followed by 23.75% having high and 15.42% low level of knowledge, respectively with almost similar trends in all the three Region. The difference in region-wise distribution of respondents was statistically non-significant. The findings are in line with Chinta et al. (2021) and Gottipalli and Syed (2021) but not with Parameswarnaik et al. (2017) who reported majority of the farmers were having low level of knowledge.
Table 1: Region-wise distribution of respondents according to their level of knowledge about climate change 
	Category 
	Region I
f (%)
	Region II
f (%)
	Region III
f (%)
	Pooled
f (%)

	Knowledge about Climate change

	· Low (Up to 8)
· Medium (9 – 12)
· High (More than 12)
	15 (18.75)
45 (56.25)
20 (25.00)
	7 (8.75)
49 (61.25)
24 (30.00)
	15 (18.75)
52 (65.00)
13 (16.25)
	37 (15.42)
146 (60.83)
57 (23.75)

	Chi-square = 7.2295		p = 0.124248




Fig. 1: Distribution of respondents according to their level of knowledge about climate change and its impact	Comment by dell: USE IMPACTFUL DIAGRAM
Further the detailed analysis of data presented in the Fig. 2 indicates that most of the farmers had heard or read about climate change (67.50), thought that climate is really changing (71.25%), were sure that climate is changing (70.83), knew that climate change affects agriculture and animal husbandry (57.08%) and knew that indigenous breeds are better adapted to adverse climatic conditions (82.08%). 51.67% and 59.17% farmers responded as do not know that both human activities and natural changes are the cause of climate change and worrying about climate change, respectively whereas 75% farmers responded as having no knowledge that carbon dioxide gas is responsible for climate change.

Fig. 2: Distribution of respondents according to their knowledge about climate change	Comment by dell: DATA ABOVE BAR IS NOT VISBLE TRY TO INCORPORATE IN WRITING

2.    Knowledge of dairy farmers about impact of climate change
	Table 2 and Fig. 1 indicates About two-third respondents (66.67%) were having medium knowledge about impact of climate change and nearly same proportions were having low (16.25%) and high (17.08%) knowledge (Table 2 and Fig. 3). Similar trend was also observed in the entire three Regions. The difference in region-wise distribution of respondents was statistically significant at 1% level of significance.
Table 2: Region-wise distribution of respondents according to their level of knowledge about impact of climate change
	Category 
	Region I
f (%)
	Region II
f (%)
	Region III
f (%)
	Pooled
f (%)

	Knowledge about Impact of climate change

	· Low (Up to 22)
· Medium (23-39)
· High (More than 39)
	4 (5.00)
60 (75.00)
16 (20.00)
	23 (28.75)
46 (57.50)
11 (13.75)
	12 (15.00)
54 (67.50)
14 (17.50)
	39 (16.25)
160 (66.67)
41 (17.08)

	Chi-square = 16.7768		p = 0.002136**


Further on detail analysis of the Table 3 it was found that farmers know about reduced milk production (30.42%), lactation length (26.67%) and productive life (16.67%), and increased dry period (37.50%). With respect to reproductive performance 25%, 82.08% and 16.67% farmers know decreased length and intensity of estrus period and conception rate, and increased parturition interval, respectively. About 45%, 28%, 35% and 60% farmers knew that there is increase in incidence of diseases, incidence of mastitis and FMD, emergence and re-emergence of diseases, and incidence of parasitic infestation, respectively. Feed and fodder was known to be affected by the respondents as decrease in availability of feed and fodder resources (35.83%), dry fodder (36.67%), pasture land area (27.92%), self grown fodder/grasses (51.25%) and fodder trees (42.5%). Nearly 73%, 48%, 42% and 38% farmers knew decrease in number of water resources, underground water level, availability of water for irrigation and availability of natural water resources for livestock, respectively.
Decrease in production, increase in livestock mortality and emergence of new diseases, and decline in ground water were also reported by Kumari and Mishra (2016), Chand and Kumar (2018), Diniso et al. (2022) and Kumar et al. (2022).




Table 3: Distribution of respondents according to their knowledge about impact of climate change	Comment by dell: WRITE ONE LINE IN EACH TABLE ABOYT PARANTHESIS
	Parameters
	Decreased
f (%)
	Increased
f (%)
	Remain same
f (%)
	Don’t know
f (%)

	Productive performance Milk production
Lactation length (period)
Dry period*
Productive life
	
73 (30.42)
64 (26.67)
0 (0.00)
40 (16.67)
	
18 (7.50)
	4 (1.67)
90 (37.50)
0 (0.00)
	
110 (45.83)
98 (40.83)
96 (40.00)
122 (50.83)
	
39 (16.25)
74 (30.83)
54 (22.50)
78 (32.50)

	Reproductive performance
Length and intensity of oestrus period
Conception rate
Parturition interval*
	
60 (25.00)

197 (82.08)
2 (0.83)
	
0 (0.00)

2 (0.83)
40 (16.67)
	
77 (32.08)

33 (13.75)
135 (56.25)
	
103(42.92)

8 (3.33)
63 (26.25)

	Health of animal 
Incidence of diseases
Incidence of mastitis and FMD
Emergence and re-emergence of diseases
Incidence of parasitic infestation
	
0 (0.00)
0 (0.00)
0 (0.00)

0 (0.00)
	
107 (44.58)
68 (28.33)
83 (34.58)

144 (60.00)
	
89 (37.08)
151 (62.92)
94 (39.17)

90 (37.50)
	
44 (18.34)
21 (8.75)
63(26.25)

6 (2.50)

	Feed/fodder resources Availability of feed and fodder resources
Availability of dry fodder
Pasture land area
Self grown fodder/grasses
Availability and growth of fodder trees
	
86 (35.83)

88 (36.67)
67 (27.92)
123 (51.25)
102 (42.50)
	
0 (0.00)

0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
	
128 (53.34)

116 (48.33)
83 (34.58)
45 (18.75)
22 (9.17)
	
26 (10.83)

36 (15.00)
90 (37.50)
72 (30.00)
116 (48.33)

	Water resources 
Number of water resources
Underground water level
Availability of water for irrigation
Availability of natural water resources for livestock
	
175 (72.92)
116 (48.33)
102 (42.50)

91 (37.92)
	
0 (0.00)
0 (0.00)
57 (23.75)

21 (8.75)
	
65 (27.08)
21 (8.75)
63 (26.25)

88 (36.67)
	
0 (0.00)
103(42.92)
18 (7.50)

40 (16.67)


3    Relational analysis of farmers’ knowledge with independent variables
	As the knowledge of an individual is related with their independent variables, the farmers’ knowledge about climate change and its impact was analyzed with the help of correlation method and ANOVA to know its relationship with some of the relevant independent variables. The findings are presented in Table 4 and 5.
Table 4: Correlation between farmers’ level of knowledge about climate change and selected independent variables
	S. No.
	Variables 
	Knowledge level about climate change and its impact

	
	
	r
	P value

	1
	Age
	0.607**
	0.000

	2
	Farming experience
	0.560**
	0.000

	3
	Land holding
	0.126*
	0.051

	4
	Herd size
	0.013
	0.7846

	5
	Annual income
	0.201**
	0.002

	6
	Socio-economic status (SES)
	0.268**
	0.000

	7
	Mass media exposure
	0.007
	0.919

	8
	Contact with extension personnel
	0.023
	0.719

	9
	Extension participation
	0.167**
	0.009

	10
	Cosmopoliteness
	0.084
	0.195


** Significant at the 0.01 level & * Significant at the 0.05 level
Correlational analysis indicates that age, farming experience, annual income, SES and extension participation were significantly related with knowledge at 1% and with land holding at 5% level of significance. However herd size, mass media exposure, contact with extension personnel and cosmopoliteness were non-significantly related with knowledge level.
Table 5 : Effect of selected independent variables on farmers’ level of knowledge about climate change using one-way ANOVA
	Variables
	Mean
	N
	STD. Deviation
	P Value

	Education
· Illiterate
· Up to Primary school
· Up to Middle school
· Up to High and Higher Secondary
· Up to Degree and Above
	
41.013
39.778
40.559
44.197
46.875
	
78
9
68
61
24
	
9.8726
8.8991
10.7999
8.9383
8.5176
	


0.022*

	Gender
· Female
· Male
	
34.167
44.25
	
48
192
	
8.7721
9.1549
	
0.000**

	Caste
· SC
· ST
· OBC
· General
	
35.5
38.5
43.132
44
	
2
44
190
4
	
2.1213
11.0042
9.5794
5.8878
	

0.031*


	Occupation
· Two occupations
· Three occupations
· Four occupations
	
42.652
41.082
38
	
178
61
1
	
9.8412
10.2116
-
	

0.519


 ** Significant at the 0.01 level & * Significant at the 0.05 level
The table above represents that knowledge of dairy farmers was significantly affected by gender at 5% level and by education and caste at 1% level of significance whereas affected non-significantly by occupation. Similar observations were also reported by Gottipalli and Syed (2021) and Das et al. (2022).
Conclusion
Maximum farmers had medium knowledge level about the climate change and its impact. Most of the farmers had heard or read about climate change, thought that climate is really changing and were sure that climate is changing. Most of them knew that climate change affects agriculture and animal husbandry and knew that indigenous breeds are better adapted to adverse climatic conditions. The knowledge level was found to be significantly correlated with age, farming experience, annual income, SES, extension participation and with land holding. Education, gender and caste were also found to have significant effect on farmer’s level of knowledge about climate change. 
The findings of the present study indicates future thrust on organizing camps and trainings on climate change issues by the state animal husbandry departments, SAUs/SVUs, KVKs and NGOs. 
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