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Perceived impact of climate change and adaptation strategies followed by dairy farmer in high drought vulnerable zone of Tamil Nadu
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Abstract
Periodic drought is a major challenge in drought-prone areas of India. A sample survey of farmers (n = 60) from highly vulnerable district was conducted to study the farmers’ perception about climate change and documenting drought adaptation index. The escalating severity of drought in Tamil Nadu underscores the critical importance of documenting the perceived impact of farmers regarding climate variability on dairy production and documenting the farmers led adaptation strategies. While existing research has examined drought measurement and impact assessment in agriculture, there remains a significant gap in empirical studies analysing farmers' adaptation practices and their policy implications pertaining to dairying. Hence, research indicates an urgent need for comprehensive initiatives to enhance dairy farmers' resilience. The absence of robust empirical evidence on drought adaptation practices poses a significant threat to dairy farming sustainability and food security. To address this challenge, research efforts must focus on identifying and evaluating effective adaptation policies that can sustain agricultural productivity through drought periods. The most significant adaptation strategies adopted by the farmers were Selection of appropriate fodder varieties for drought (0.95) and selection of recommended breeds (0.93), Feeding crop residues and tree leaves (0.67), Tethering the animals under trees (0.57) and Spreading coconut / palmyrah leaves on the roof top (0.55). Very low DAI scores were recorded for usage of wet sacks (0.07), growing trees around sheds (0.05), changing grazing times (0.05), and preference for tree fodder (0.03). These strategies, while potentially beneficial, but lacks perceived usefulness and self-efficacy among the surveyed respondents 
Introduction
[bookmark: bb0470]Climate change has emerged as a global challenge for sustainable development since its effects provide significant threats to achieving economic, social, and environmental sustainability goals. It has critically affected agricultural productivity and, in turn, the livelihood (Lokesh and Poddar  2018) of the farming community in general, and small and marginal farmers in particular. Drought is manageable by effectively adopting appropriate strategies. India is the fifth most vulnerable country globally to climate change-induced stresses (Eckstein et al., 2020). Furthermore, 86% of the farming communities in India are marginal, small, and medium farmers (Hinz et al. 2020) whose drought-adaptive capabilities are limited (Havemann &Muccione, 2011). Recently, the frequency of drought events has increased due to climate change, making it an urgent global problem (Tuo, 2023). Hence, this paper focuses on the perception of farmers regarding climate variability on dairy production and ranking adaptation strategies followed by the dairy farmers to mitigate drought.
Methodology
	The study was conducted in the high drought vulnerable districts of Tamil Nadu focusing on small holder dairy farmers. A total of 60 dairy farmers were selected for the study from Perambalur (highly vulnerable). An Ex-post facto study was performed and data were collected from the dairy farmers through personal interviews using a pre-tested structured interview regarding  farmers’ perception on impact of climate change on dairy production (Animal reproduction, health, incidence of parasite and vectors, feed and fodder resources and milk production) over the past 10 years and adaptation strategies followed y them. Dairy farmers were surveyed to determine whether they implement any strategies to mitigate the adverse effects of drought. Their responses were recorded in binary form—‘Yes’ indicating adoption (scored as 1) and ‘No’ indicating non-adoption (scored as 0). For the ranking of farmers’ led adaptation strategies to combat climate variability, Drought Adaptation Index (DAI) was calculated.
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Result & discussion
Climate Variability (Drought) impacts on dairy production as perceived by the respondents
Rural community couldn’t realise the science of climate variability, but they could perceive its consequences or effects. Farmer perceptions are considered to be critical for adaptation (Deressa et al.  2008). Farmers’ perceptions of long-term or short-term changes in climate are a crucial pre-indicator in the climate change adaptation process. The consequences of climate variability impacting dairy production as perceived by the selected dairy farmers
Table 1. Climate Variability (Drought) impacts on dairy production as perceived by the respondents
	Dairy production parameters
	Increased
	No Change
	Decreased

	Estrus cycle
	13(21.67)
	47(78.33)
	0(0)

	Conception rate
	0(0)
	45(75)
	15(25)

	Frequency of disease occurrence
	59(98.33)
	1(1.67)
	0(0)

	Occurrence of new diseases
	3(5)
	57(95)
	0(0)

	Incidence of Vectors/Parasites
	3(5)
	57(95)
	0(0)

	Morbidity
	0(0)
	60(100)
	0(0)

	Mortality
	0(0)
	60(100)
	0(0)

	Milk yield
	0(0)
	4(6.67)
	56(93.33)

	Milk quality (Fat and SNF)
	0(0)
	40(66.67)
	20(33.33)

	Availability of forage and pasture
	0(0)
	20(33.33) 
	40(66.67)

	Price of inputs (feed ingredients)
	33(55)
	27(45)
	0(0)



Table 1 reveals that the consequences of climate variability (drought) that impact dairy production as perceived by the selected dairy farmers of various vulnerable districts over the past decade. Regarding animal reproduction, around three- fourth (78.33 % and 75 %) of the overall farmers surveyed reported no change in estrus and conception rate respectively. But less than one- fourth of the farmers (21.67%) reported that there is increased cycle and 25 per cent reported decreased conception rate.  With regard to animal health, high majority (98.33 %) of the respondents reported increased frequency of diseases and high majority of the respondents (95 %) reported occurrence of new diseases. About high majority of the respondents (95 %) surveyed reported increased incidence of vectors and parasites in their area. With regard to animal production, a high majority (93.33 %) of the respondents reported decreased in milk yield. Conversely, a high majority of the respondents of three zoned didn’t perceived any change in milk quality (fat and SNF).
[bookmark: bbib4]Regarding feed and fodder, majority of the respondents (66.67 %,) reported decrease in availability of forage and pasture. Similarly, majority of the respondents (55.00 %) reported increased price of inputs. Decrease in milk quality (Fat and SNF) was unexpectedly not expressed among the most important of the impact. This is probably because surveyed farmers, when asked about ‘milk quality (Fat & SNF)’, they normally associate such events as decrease in milk yield. The negative impacts of multiple climatic parameters are widely perceived by farmers as a risk to milk production, inadequate availability of feed and fodder and health.These results of the study showed non-ignorance of respondents about climate variability and their impact on dairy farming. In this study farmers have developed an understanding of the risks of climatic change by observing behavioural changes in their dairy animals and their productivity. It was therefore not surprising to find that feeds and feeding, and health, were identified as the two aspects most severely affected, with extreme temperature identified as the climatic parameter that caused most damage, particularly to milk quality. The findings of the study are in agreement with the findings of Abazinab (2021) who reported that decreased quality and quantity of feeds, decrease in water availability, decreased milk production, and decrease in animal fertility, increased incidence of animal disease, and increased parasite occurrence were perceived as the major impacts of climate change on livestock production and productivity in their order of importance. Further, the findings of the study are in accordance with Fadina and Barjolle (2017)  and Asrat and Simane (2018), who had reported that climate change has resulted in increased livestock pests and diseases and increased land degradation. The results of the study revealed that green grasses in the pasture land are the major source of feed for dairy animals and also expressed that the cost of paddy straw was higher during the peak summer months (April to June) ranging from Rs.280 to 350.  Both households interviewed reported occurrence of new livestock diseases especially lumpy skin disease and tick feverduring peak summer, resulting in increased livestock morbidity, mortality and productivity. This result is in line with the findings of Adugna et al. (2019), who reported that 54.3% of respondents in Mana and Sokoru districts perceived increased livestock deaths due to climate change risks. 
Ranking of adaptation strategies followed by the dairy farmers high drought vulnerable district
From the table, it can be easily remarked that the adaptation strategy ‘Selection of appropriate fodder varieties for drought’ was the most preferred adaptation strategy among the dairy farmers of Tamil Nadu. ‘Selection of recommended breeds' was the second most preferred adaptation strategies.’Feeding crop residues and tree leaves’, tethering the animals under trees and spreading coconut / palmyrah leaves on the roof top got the third, fourth and fifth rank respectively. It could be understood that all the top five most preferred adaptation strategies were relating to alleviating heat stress in the animals because farmers have highly perceived reducing in milk production due to extreme heat stress and therefore, practices helping in reducing heat in animals and their surrounding was the most preferred ones.
Supplementing concentrates, feed additives, water spraying facilities, vaccination m silage making, cultivating fodder as border crop and shifting plant crops to fodder crops during drought were the other most important adaptation strategies were related to feeding related strategies. Fodder preservation, avowing grazing of animals and feeding in sheds, deworming of cattle before drought, usage of wet sacks on animals/ shed, growing trees around the sheds, changes in grazing time of animals, preference of tree fodders were least preferred adaptation strategies.
Strategies like fodder preservation methods, deworming, growing trees around sheds, and changing grazing times had very low scores (≤ 0.17). Hence, it is suggested to optimize land use and ensure year-round feed availability to minimise the feed and fodder shortage during summer
Index score and ranking of adaptions strategies followed by dairy farmers of Tamil Nadu
Table 2: Ranking of adaptation strategies followed by the dairy farmers ased on Drought Adaptation Index (DAI)
	Adaptation strategies
	DAI
	Rank

	Selection of appropriate fodder varieties for drought 
	0.95
	1

	Selection of recommended breeds (Jersey cross/indigenous)
	0.93
	2

	Feeding crop residues and tree leaves
	0.67
	3

	Tethering the animals under trees
	0.57
	4

	Spreading coconut / palmyrah leaves on the roof top
	0.55
	5

	Using Total Mixed Ration Feed
	0.35
	6

	Supplementation of Feed additives (mineral mixture)
	0.33
	7

	Water spraying facilities (water tubes/sprayers)
	0.3
	8

	Vaccination of cattle with FMD vaccine before drought
	0.27
	9

	Silage making
	0.25
	10

	Cultivating fodder as Border crop
	0.25
	11

	Shifting plant crops to fodder crops during drought
	0.2
	12

	Fodder preservation -Hay making
	0.17
	13

	Avoid grazing of dairy animals and feeding in sheds
	0.17
	14

	Deworming of cattle before drought
	0.17
	15

	Usage of wet sacks on animals /sheds
	0.07
	16

	Growing trees around the sheds
	0.05
	17

	Changes in grazing time of animals
	0.05
	18

	Preference for tree fodder
	0.03
	19





Conclusion
This study underscores multifaceted impacts of climate variability, particularly droughton dairy farming across the selected vulnerable districts in Tamil Nadu. The perceptions of dairy farmers reveal a clear awareness of the risks among the selected respondents in relation to animal health, reproduction, and production namely increased disease incidence, emergence of new diseases, and heightened presence of vectors and parasites. The study also highlights the economic strain caused by reduced milk yield, reduced forage availability and rising input costs, further exacerbating vulnerability in dairy systems.However, dairy farmers have demonstrated adaptive capacity by implementing a range of  adaptation measures, such as selecting drought-tolerant fodder varieties, choosing recommended breeds, and employing housing and shed management practices, but the adoption level is minimal. Further, this study suggests the following (i) optimize land use and ensure year-round feed availability especially by adoption of rotational grazing systems and integrating fodder crops into existing cropping systems through intercropping and border cropping (ii) robust veterinary support systems like vaccination drives, deworming programs before drought and targeted insurance programmes (iii) Promotion of construction of climate-resilient cattle sheds with lost cost cooling mechanisms such as shaded roofing, wet sack coverings, and planting multi-purpose trees around sheds and (iv) conduct of climate change education.
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