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Abstract
Livestock rearing is a major source of livelihood for over 70% of rural households in India, with a significant proportion being small and marginal farmers and landless labourers. The livestock sector is a vital sector of India's economy and the sector grows at an impressive compound annual growth rate of 8% constant prizes. It provides employment to about 8.8% of the total population. This present study was carried out with the objectives to determine socioeconomic status and assess the welfare status of dairy farms. The study was conducted in four randomly selected districts of Rajasthan's arid region. Each district had two tehsils, further divided into rural and urban dairy farming areas. From each tehsil, 10 dairy farms were selected from both rural and urban regions, totaling 20 farms per tehsil. Overall, 160 dairy farms were studied across eight tehsils in four districts. Using a tested interview schedule, data were collected and assessed using the Dairy Cattle Welfare Scale (DCWS) for cattle welfare.  The welfare of dairy animals was assessed based on welfare indicators using the Calamari and Bertoni (2009) scale as modified by Kamboj and Kumar (2016). The collected data was analyzed by t-test, chi-square test and Pearson correlation coefficient. The mean values of welfare scores in the "housing and other facilities component" out of a total maximum score of 30. The mean value of component A in urban and rural dairy farms were 7.01±0.20 and 11.97±0.32 respectively, whereas the overall mean welfare score for this indicator was 9.49±027. The mean welfare score component A was highly significantly different (P=0.00) in urban and rural dairy farms. The mean values of welfare scores in the "feeds and feeding practice component" out of a total maximum score of 30. The mean value of component B in urban and rural dairy farms was 11.49±0.22 and 10.2±0.42 respectively, whereas the overall mean welfare score for this indicator was 10.85±0.24. The mean welfare score component B was highly significantly different (P=0.005) in urban and rural dairy farms. The mean values of welfare scores in "animal health, performance and behavior component" out of a total maximum score of 40. Mean value of component C in urban and rural dairy farms was 21.19±0.51 and 23.79±0.47 respectively, whereas the overall mean welfare score for this indicator was 22.49±0.37. Overall mean welfare score component C was highly significantly different (P=0.00) in urban and rural dairy farms. Overall mean welfare scores at urban and rural dairy farms were 39.69 and 45.96, respectively with an overall mean of 42.79. The total mean welfare score of rural dairy farms was significantly (P<0.01) higher than urban dairy farms. The study concluded that the welfare score was better in rural dairy farms than in urban dairy farms due to better housing conditions and animal health, performance and behaviour. Feed and feeding practices were better in urban dairy farms due to the availability of green fodder and homemade concentrate mixture. 
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Introduction
“Livestock rearing is one of the most important economic activities in rural areas and provides income to households dependent on agriculture and landless households. About 20.5 million people are involved in livestock rearing in India. Livestock rearing is a major source of livelihood for over 70% of rural households in India, with a significant proportion being small and marginal farmers and landless labourers. This sunrise the sector provides employment to about 80 million people across India. The livestock sector is a vital sector of India, economy and the sector has grown at an impressive compound annual growth rate of 8% constant prizes. It provides employment to about 8.8% of the total population. The contribution of livestock to total GVA in agriculture and allied sector increased from 24.32% in 2014-15 to 30.23% in 2023. The livestock sector contributed 5.5% of total GVA in 2022-2023” (BAHS, 2024). India is predominantly an agrarian society where animal husbandry plays an important role in the socio-economic development of India. The development of the livestock sector has a significant beneficial impact in generating employment and reducing poverty in rural India. In Rajasthan state, more than 80 per cent of the rural households keep animals which continue to provide subsistence income during scarcity. Around 35 to 40 per cent of total annual income is generated through livestock by the small and marginal farmers in arid regions. Rajasthan dairy milk production and marketing of milk in rural areas have faced many constraints. Infertility problems, unavailability of high genetic merit bulls and poor conception rate through artificial insemination were the major breeding constraints.
“Rajasthan is a large-scale commercialization/ intensification of dairy farming based on crossbred/indigenous cattle. Although the commercialization of dairy farming has greatly impacted the productivity and performance of dairy animals, it may also have impacted animal welfare as well. It has been well established by now, especially from research conducted in developed countries that the animal’s welfare is severely impaired by the intensive confinement of modern production systems because in these production systems animals are unable to exercise, fully extend their limbs and are unable to express many important natural behaviors” (Humane Society of US, 2012). “Restrictive housing systems, poor nutrition, overproduction of milk, repeated re-impregnation, short calving intervals and physical disorders impair the welfare of the animals in industrial dairy operations” (Humane Society of US, 2009). The principle of animal welfare is animals must be provided water, food, proper handling, health care, and an environment appropriate to their care and use, with thoughtful consideration for their species-typical biology and behavior. Animals should be cared for in ways that minimize fear, pain, stress, and suffering.
“Animal welfare is important from the social, political, ethical and scientific point of view”   (Broom and Johnson, 1993; Webster, 1994, Bertoni and Calamari, 2001). Animal welfare means how an animal is coping with the condition in which it lives (World Organization for Animal Health). “At the core of an animal's "needs" lies the essentials for survival, while optimal well-being necessitates supplementary requisites that enhance living conditions and potentially augment productivity” (Kumar et al., 2024). Minimum standards of animal welfare are based on the avoidance of unnecessary suffering and the provision of needs. “On-farm assessment of animal welfare can be based on the evaluation of the provision of resources and management, direct observation of the animals, and examination of farm records. Whereas inspection of the environment may indicate the potential for certain welfare conditions, the assessment of the animals’ health, body condition, and behavior can be used to infer the effects of housing and management on the welfare of these animals” (Costa et al., 2013). “The five freedoms that are required to ensure that the animals are in good welfare are (1) Freedom from hunger and thirst by ready access to fresh water and a diet to maintain full health and vigour, (2) Freedom from discomfort -by providing an appropriate environment including shelter and a comfortable resting area, (3) Freedom from pain, injury, and disease by prevention or rapid diagnosis and treatment, (4) Freedom to express normal behavior by providing sufficient space, proper facilities and company of the animal's own kind and (5) Freedom from fear and distress- by ensuring conditions and treatment which avoid mental suffering” (Farm Animal Welfare Council, 1993).
“In order to be able to measure animal welfare, animal welfare indicators come into play. In general, they can be divided into resource-based, management-based and animal-based indicators. Resource and management-based indicators assess animal welfare through the animal’s surrounding environment or housing and generally serve to prevent respective risks or threats. Animal-based indicators are results-oriented, evaluate animal welfare in the animal itself and thus provide a picture of the present status of the individual” (Linstädt et al., 2024).
          In India, there has been a scant effort to understand dairy cattle welfare to identify the indicators of welfare or to assess the level of welfare, especially in the era of commercialization and intensification of dairy farming. Therefore, the status of dairy animal welfare under our different dairy farming systems needs to be studied so that the animal welfare areas or management practices which jeopardize animal welfare can be identified and a strategy can be developed for enhancing animal welfare. Keeping this in view the proposed study was conducted to study the welfare status of cattle at dairy farms in the arid region of Rajasthan.
Material and Methods
About Rajasthan
	Rajasthan (Mean land of kings) is a state in northern India. The state covers an area of 342,239 square kilometres or 10.4% of the total geographical area of India. Rajasthan state has three native breeds viz Rathi, Tharparker and Nagori having a great deal of endurance. The state of Rajasthan is located in the western part of India. It is located between 23.3`N to 30.12`N latitude and between 69.3` to 78.17` longitude.
Climate and Rainfall
The climate of Rajasthan in northwest India is generally arid or semiarid and features fairly hot temperatures over the year. In summer due to desert geography temperatures climb above 40 to 45 degrees Celsius in most places, due to its location, summers are the longest season in Rajasthan. The cold weather commences early in October and ends around the end of February. The monsoon season in Rajasthan extends from July to September. The districts of east Rajasthan and south Rajasthan receive more rain (About 900mm) than west Rajasthan (About 100mm). 
Selection of districts and dairy farms
	 The study was conducted in four randomly selected districts of the arid region of Rajasthan. Each district was further divided into two tehsils, and each tehsil was categorized into rural and urban dairy farming regions. A total of 10 dairy farms were selected separately from both rural and urban regions within each tehsil. Consequently, 20 dairy farms were selected from each tehsil, resulting in a total of 160 dairy farms across eight tehsils in four districts of the arid zone of Rajasthan.
Table: 1 Selection of dairy farms in different districts of Rajasthan
	                                                                                 Arid region of Rajasthan

	               Bikaner
	             Jodhpur
	               Barmer
	           Ganagnagar

	Loonkaransar 
(20 dairy farms)
	Dungaragarh
(20 dairy farms)
	Phalodi
(20 dairy farms)
	Balesar
(20 dairy farms)
	Chohtan
(20 dairy farms)
	Balotra
(20 dairy farms)
	Suratgargh
(20 dairy farms)
	Gharsana
(20 dairy farms)

	Rural
10 dairy farms
	Urban
10 dairy farms
	Rural
10 dairy farms
	Urban
10 dairy farms
	Rural
10 dairy farms
	Urban
10 dairy farms
	Rural
10 dairy farms
	Urban
10 dairy farms
	Rural
10 dairy farms
	Urban
10 dairy farms
	Rural
10 dairy farms
	Urban
10 dairy farms
	Rural
10 dairy farms
	Urban
10 dairy farms
	Rural
10 dairy farms
	Urban
10 dairy farms)



Data collection
       	Data was collected as per a semi-structured interview schedule of dairy farm owners for different variables like socio-economic profile, production and reproduction performance and cattle welfare. Data was also collected from available literature, publications and records. Collected data was analyzed by using a suitable statistical method. 
Analytical tools
           The data were subjected to analysis by t-test, chi-square test and Pearson correlation using the statistical package SPSS software version (25.0). 
Parameter to be studied
Assessment of the level of dairy cattle welfare
	It was done by using the Dairy Cattle Welfare Scale (DCWS) described by Kamboj and Kumar (2016).
Concept of Dairy Cattle Welfare Scale (DCWS)
	This scale was based on the IDSW (Integrated Diagnostic System Welfare) of Calamari and Bertoni (2009) and was modified according to Indian conditions by Kamboj and Kumar, 2016). On the basis of “Four Principles” to meet the “Five Freedoms” of animal welfare and the possibilities of their measurement under prevalent conditions, 20 welfare indicators were identified. 10 indicators in components A and B were resource/environment-based indicators while 10 indicators in component C were animal-based indicators. Each of these 20 indicators was described by patterns depending upon the scientific recommendations and existing farm situations. Each pattern was rated on a value scale as validated by different scientists. The score given to all patterns of an index was pooled into a single score for that index. These animal and environment-based indicators were classified into three components-
Component A: - Animal housing and other facilities (Weightage 30)
Component B: - Feeds and feeding practices (Weightage 30)
Component C:-Animal health, performance and behaviour (Weightage 40)
Table: 2 Components of Dairy Cattle Welfare Scale (DCWS)
	Components
	Indicators
	Scores

	Animal housing and
other facilities
(30)
	1. System of housing & availability of floor space
	10

	
	2. Type & height of roof
	3

	
	3. Type of floor
	2

	
	4. Microclimate protection measures
	5

	
	5. Feeding and watering space availability feeding
and watering systems with frequency
	5

	
	1. Facilities for rescue, transport and treatment
	5

	Feeds and feeding
practices
(30)
	2. Availability of feeds & fodders
	10

	
	3. Availability of feeds and fodder storage/prevention space
	5

	
	4. Feeding practice of different categories of animals
	10

	
	5. Colostrum and feeding of milk to calves and heifer feeding
	5

	Animal health,
performance
& behaviour
(40)
	1. Average productivity
	8

	
	2. Body condition Score
	4

	
	3. Cow comfort Index
	5

	
	4. Cow cleanliness Index
	4

	
	5. Hock Injury Scoring
	3

	
	6. Human animal relationship
	3

	
	7. Lameness scoring
	4

	
	8. Mastitis detection
	4

	
	9. Reproduction
	3

	
	10. Abnormal behaviours
	2



Results and discussion
Component A: Housing and other facilities
The physical condition in which animals live is critical to their welfare so the housing system is a very important determinant of animal welfare on farms (Johnsen et al., 2001). Specifically, the factors that affect an animal’s welfare include the resources available to the animal (which are assessed with resource-based measures), such as space allocation, housing facilities and bedding material, and the management practices of the farm (which are assessed with management-based measures), such as how often the animals are milked, whether analgesics are used, breeding strategies, etc. (Ventura et al., 2021). Table 3 shows the mean values of welfare scores of housing and other facilities components in urban and rural dairy farms. The mean values of welfare scores in "housing and other facilities component" out of a total maximum score of 30. The mean value of component A in urban and rural dairy farms were 7.01±0.20 and 11.97±0.32 respectively, whereas the overall mean welfare score for this indicator was 9.49±027. The mean welfare score component A was highly significantly different (P=0.00) in urban and rural dairy farms. This aligns with findings from Singh et al. (2020), who noted that housing infrastructure in rural dairy farms tends to be better planned, whereas urban farms face challenges due to limited space and high land costs.
Table: 3 Mean±SE Score of housing and other facilities components in different categories of dairy farm
	Indicator
	Maximum score
	Urban80 Mean±SE
	Rural 80 Mean±SE
	Overall160 Mean±SE
	P value

	System of housing and availability of
Floor space
	
10
	
2.71±0.12
	
5.83±0.07
	
4.27±0.14
	
0.00**

	
Type and height of roof
	
3
	
1.22±0.04
	
1.47±0.05
	
1.35±0.03
	
0.001**

	
Type of floor
	
2
	
0.10±0.03
	
0.51±0.05
	
0.30±0.03
	
0.00**

	Microclimate protection measures inside animal houses & other practices for protection against heat and cold stress
	
5
	
0.47±0.12
	
1.35±0.16
	
0.91±0.10
	
0.00**

	Feeding & watering space availability, feeding & watering systems with
frequency
	
5
	
1.05±0.03
	
1.5±0.09
	
1.27±0.05
	
0.00**

	Facilities for rescue, transport and treatment
	
5
	
1.45±0.09
	
1.3±0.08
	
1.37±0.06
	
NS

	Overall
	
30
	
7.01±0.20
	
11.97±0.32
	
9.49±027
	
0.00**



Component B: Feeds and Feeding Practice
A good diet, obtained with high quality feeds, is a critical issue in dairy cow management (Abeni and Bertoni, 2009). Optimal animal nutrition is indispensable for the health and welfare of animals as well as for the production of safe, high-quality animal-derived products. Inadequate livestock diets can result in significant economic losses through poor animal health, inefficient feed conversion, and reduced output of animal-derived products (Alnafissa et al., 2024). Table 4 shows the mean values of welfare scores of feeds and feeding practice components in urban and rural dairy farms. The mean values of welfare scores in the "feeds and feeding practice component" out of a total maximum score of 30. Mean value of component B in urban and rural dairy farms was 11.49±0.22 and 10.2±0.42 respectively, whereas the overall mean welfare score for this indicator was 10.85±0.24. The mean welfare score component B was highly significantly different (P=0.005) in urban and rural dairy farms. This indicates that urban dairy farms have relatively better feeding management strategies despite space limitations. Habib et al. (2007) suggested that urban dairy farms, driven by market demands, adopt more intensive and structured feeding programs to enhance milk production.
Table: 4 Mean±SE Score of feeds and feeding practices component in different categories of dairy farm
	Indicator
	Maximum score
	Urban Mean±SE
	Rural Mean±SE
	Overall Mean±SE
	

	Availability of quality feeds and fodders
	10
	3.65±0.19
	2.80±0.23
	3.22±0.15
	0.006**

	Availability of feed sand fodder storage space
	5
	2.35±0.10
	2.45±0.10
	2.40±0.07
	NS

	Feeding practices for different categories of
Animals
	10
	2.92±0.11
	2.45±0.09
	2.68±0.07
	0.001**

	Colostrums and milk feeding to male & female
Calves
	5
	2.57±0.09
	2.50±0.097
	2.53±0.06
	NS

	Overall
	30
	11.49±0.22
	10.2±0.42
	10.85±0.24
	0.005**



Component C: Animal Health, Performance and Behavior
The behavioural strategies that allow animals to navigate their social environment under natural conditions may be constrained, or no longer beneficial, in captivity. Understanding the evolutionary origins and ontogeny of behaviour, and how behaviour is altered or constrained by the farm environment, is therefore central to improving welfare (Lee et al., 2022). Table 5 shows the mean values of welfare scores of animal health, performance and behavior components in urban and rural dairy farms. The mean values of welfare scores in "animal health, performance and behaviour component" out of a total maximum score of 40. Mean value of component C in urban and rural dairy farms was 21.19±0.51 and 23.79±0.47 respectively, whereas the overall mean welfare score for this indicator was 22.49±0.37. Overall mean welfare score component C was highly significantly different (P=0.00) in urban and rural dairy farms. The findings highlight significant variations in animal health, welfare, and productivity between urban and rural dairy farms. Several indicators showed statistically significant differences, suggesting management and environmental factors play a crucial role in dairy cattle performance. The main indicators responsible for low welfare scores in urban dairy farms were the cow comfort index, hock injury score, cow cleanness score, Lameness score and reproductive efficiency. In rural dairy farms average productivity, body condition score, abnormal behaviour, human-animal relationship and mastitis incidence were responsible for poor welfare scores.
Table: 5 Mean±SE Score of animal health performance and behavior component in different categories of dairy farm 
	Indicator
	Maximum Score
	Urban Mean±SE
	Rural Mean±SE
	Overall Mean±SE
	P value

	Average Productivity
	8
	5.60±0.19
	5.38±0.18
	5.49±0.13
	NS

	Body condition score
	4
	2.10±0.07
	2.06±0.08
	2.08±0.05
	NS

	Cow comfort index
	5
	2.25±0.04
	3.36±0.07
	2.80±0.06
	0.00**

	Cow cleanness score
	4
	1.21±0.07
	3.46±0.07
	2.33±0.07
	0.00**

	Hock injury score
	3
	2.01±0.04
	1.53±0.05
	1.77±0.03
	0.00**

	Human animal
Relationship
	3
	1.57±0.05
	1.56±0.05
	1.56±0.04
	NS

	Lameness score
	4
	2.36±0.06
	1.62±0.084
	1.99±0.05
	0.00**

	Mastitis incidence
	4
	1.87±0.06
	2.33±0.06
	2.10±0.04
	0.00**

	Reproductive efficiency
	3
	1.47±0.07
	1.53±0.05
	1.50±0.04
	NS

	Abnormal behavior
	2
	0.75±0.04
	0.96±0.05
	0.85±0.03
	0.003**

	Overall
	40
	21.19±0.51
	23.79±0.47
	22.49±0.37
	0.00**



Overall mean welfare score of various components of dairy cattle welfare system in different categories of dairy farms
Table 6 shows the overall total mean welfare score including all three components in urban and rural dairy farms. The overall mean welfare scores in components A, B and C out of a total maximum score of 100 in urban and rural dairy farms were 39.69±3.90 and 45.96±4.35 respectively, whereas the overall mean welfare score of all components was 42.79±4.06. There was a highly significant (P<0.01) difference between urban and rural dairy farms and it was higher for rural dairy farms. These findings were lower than the earlier findings reported by Rajpoot, (2019) 50.14± 0.73, in Uttar Pradesh dairy farmers, Chandra. (2018) 49.98±5.23 in Gaushalas of Haryana and Mahla (2018) 67.93±1.49, in Punjab commercial dairy farms.
Table: 6 : Overall total mean welfare score including all three components in urban and rural dairy farms
	Component
	Maximum Score
	Mean±SE of welfare score of dairy
Farms
	

	
	
	Urban
	Rural
	Overall
	 P value

	Component A: Housing and
Other facilities
	30
	7.01±0.20
	11.97±0.38
	9.49±0.27
	0.01**

	Component B: Feeds and feeding
Practices
	30
	11.49±0.22
	10.2±0.42
	10.84±0.24
	0.00**

	Component C: Animal health, performance
And behavior
	40
	21.19±0.51
	23.79±0.04
	22.49±0.37
	0.00**

	Overall total
Welfare score
	100
	39.69±3.90
	45.96±4.35
	42.79±4.06
	0.00**


Conclusion
Overall welfare score was better in rural dairy farms than urban dairy farms due to better housing conditions and animal health, performance and behaviour. Feed and feeding practices were better in urban dairy farms due to the availability of green fodder and homemade concentrate mixture. The most compromised welfare indicators were a system of housing and availability of floor space, microclimatic protection, cow comfort index and cow cleanness score in rural dairy farms.
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