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Effects of Different Bedding Material on Production and Welfare of Dairy Cows During the Autumn Season
Abstract

The present investigation was conducted to evaluate the effect of bedding material on the production and welfare of crossbred cows in autumn season (September to December). Sixteen crossbred lactating cows, randomly selected and divided into two groups with eight animals in each group on the basis of parity and milk yield. Cows in the control group were housed on conventional concrete flooring in the covered area and brick-paved flooring in the open paddock. In contrast, cows in the treatment group were maintained on sand bedding in both covered and open paddock. The experimental design enabled a comparative assessment of the influence of bedding material on animal production and welfare under similar management conditions. The analysis indicated that dry matter intake and milk yield were significantly (P<0.05) higher in cows maintained on sand bedding than in the control group. The welfare index of cows reared in the treatment group was significantly (P<0.05) better as compared to control group. The cows in the treatment group exhibited significantly (P<0.05) greater resting, rumination and eating times compared to those in the control group. These findings suggest that the provision of sand bedding creates a more comfortable housing environment for dairy cows, which in turn positively influences their behavioural patterns, health status and productive performance.
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1. Introduction
Bedding material is a critical component of housing systems that significantly influences bovine welfare, particularly lying comfort and associated behavioural responses. Contemporary dairy management strategies increasingly emphasize enhancement of the housing environment to promote comfort, as this is closely linked with improved welfare status and overall health of dairy cows (Mishra et al., 2017; McPherson et al., 2020). Improving cow comfort through appropriate housing interventions has therefore emerged as an important approach to support sustainable dairy production systems. The quality of resting surfaces has been shown to exert a substantial influence on milk production and reproductive efficiency in dairy cattle, comparable to the effects of feeding practices and general herd management (Singh et al., 2020). The provision of appropriate bedding and flooring creates a comfortable resting area, which supports animal health and enhances productive performance (Maurice, 2005). Bedding materials contribute to improved floor softness and thermal comfort, thereby reducing physical stress during rest. Milk yield has been consistently reported to be positively associated with lying duration, with increased lying time corresponding to higher levels of milk production (Stone et al., 2017; Munksgaard et al., 2020: Modi et al., 2025). Moreover, cows exhibit a clear preference for resting on bedding that is dry and soft, resulting in longer lying periods and improved comfort-related behaviours (Wolfe et al., 2018).

Different bedding material is a key determinant of animal welfare indicators, particularly hoof condition and hygienic status in dairy cattle (Murphy et al., 2018). Evidence suggests that cows housed on hard concrete surfaces exhibit a higher incidence of health disorders, including teat and udder lesions, mastitis, febrile conditions, and uterine infections, when compared with animals maintained on sand bedding (Kumar et al., 2017). Comparative evaluations of commonly used bedding types further indicate that the occurrence of udder injuries and mastitis is lowest in sand-based systems, intermediate in rubber-mat housing and highest under concrete flooring (Madke, 2007). These observations underscore the role of appropriate bedding selection in reducing disease risk and improving overall welfare in dairy herds.

2. Materials and Methods

This study was conducted from September to December in the Livestock Research Centre, ICAR-National Dairy Research Institute, Karnal, Haryana, India. The experimental protocol received approval from the Institutional Ethics Committee of ICAR–National Dairy Research Institute, Karnal, Haryana, India. All animal procedures were performed in strict compliance with established guidelines for the health, care and ethical use of experimental animals.

Sixteen crossbred lactating cows were randomly selected and allocated into two groups eight in each group, based on parity, stage of lactation and average milk yield. The control group was housed on conventional concrete flooring in the covered area with brick-paved flooring in the open paddock. In contrast, the treatment group was maintained on sand bedding in both the covered and the open paddock throughout the experimental period. The animal sheds and experimental animals were cleaned daily and strict hygienic management practices were consistently followed throughout the study period to minimize the risk of infectious or contagious diseases.
2.1. Dry Matter Intake and Milk Yield

Dry matter intake (DMI) was determined on a group basis at weekly intervals throughout the experimental period. The daily average intake was calculated by accounting for the quantities of green fodder, dry roughages and concentrate mixture offered and consumed. The amount of feed offered and the refusals leftover were recorded for each group and DMI was computed from the difference between feed offered and residual feed in both experimental groups. Cows were milked three times daily (morning, noon and evening) using a machine milking system. Individual daily milk yield was recorded for each cow throughout the experimental period.

2.2. Animal Welfare Index

During the experiment, the two groups’ comfort index, body hygiene score, and locomotion score of the cows were scored individually at weakly interval. Cow comfort was evaluated using the Cow Comfort Index (CCI), an indicator of stall suitability. The CCI was calculated as the proportion of cows lying down relative to the total number of cows present in the pen at 3:00 AM, as described by Nelson (1996). Body hygiene score (BHS) of the cows was assessed based on the degree of dirt present on the udder and lower hind legs using a 5-point scoring system, where 1 indicated a clean animal and 5 indicated a heavily soiled animal (Reneau et al., 2005). Cows were assessed for locomotor soundness using a five-point locomotion scoring (LS) system as described by Flower and Weary (2006). Locomotion scores 1 - normal locomotion, 2 - imperfect locomotion, 3 - lame, 4 - moderately lame and 5 - severely lame.
2.3 Behaviour
Behavioural activities of cows were continuously monitored using digital video recording through eight outdoor CCTV cameras (Dahua Technologies, Model DH-CA-FW 161KP). All behaviour data were extracted and analyse at fortnightly intervals throughout the study period (90 days). On average, cows remained inside the shed for 18 h 35 min per day (1115 min), accounting for 100% of the observation period, while the remaining 5 h 25 min (325 min) were spent moving to and from the milking parlour for milking thrice-daily.  Resting, eating and rumination behaviour were quantified based exclusively on the duration spent within the shed (18 h 35 min) and time associated with milking activities was excluded from the behavioural analysis.
2.4. Statistical analysis: The data recorded on dry matter intake, milk yield, welfare index and behaviour parameters were analysed by Descriptive statistics for mean and standard error and t-test assuming equal variance in Microsoft excels for level of Significance.
3. Results and Discussion

3.1. Production parameters: The average dry matter intake in control and treatment group of cows was 14.06 ± 0.41 and 14.94 ± 0.29 kg per day per animal respectively are presented in Table 1.
Table 1. Productive performance of crossbred cow reared under treatment and control shed 

	Parameters
	Control group 
	Treatment group
	P value
	% Change 

	DMI
	14.06a ±0.41
	14.94b ±0.29
	0.050
	6.40

	MY
	17.06a ±0.22
	19.05b ±0.19
	0.001
	11.67


Mean with superscripts indicates differ significantly.
There was a significant (P<0.05) increase in average daily DMI in the treatment group of cows as compared to the control group of cows. This observation may exhibit by enhanced salivary secretion, reduced aggressive interactions at the feed bunk, and lower overall stress levels in the treatment group, which collectively promote improved feeding behaviour and rumen function. Efficient intake of nutritionally balanced rations is essential for optimizing milk yield and feed conversion efficiency in lactating cows (Sherasia et al., 2016). In contrast, heat stress has been shown to markedly impair milk yield and milk quality by disrupting feed intake and metabolic processes (Song et al., 2023). Supporting this, Sinha et al. (2018) demonstrated that cows housed in modified sheds exhibited higher milk production, attributed to improved thermal comfort and effective utilization of dietary nutrients. An average increase of 13.3% in milk production per cow was observed when animals were transferred from concrete flooring to deep recycled manure-bedded housing systems (Marcondes et al., 2020). Cows housed on recycled manure soft bedding produced a significantly greater average daily milk yield compared with cows maintained on hardened floor surfaces (Zhang et al., 2020). Together, these findings justify that improved housing and management conditions reduce stress, enhance feeding efficiency, and ultimately lead to improve productive performance in dairy cows.

3.2. Behaviour 

The mean lying time of cows in the treatment and control groups was 609.46 ± 6.18 min (10.09 hrs) and 543.39 ± 7.51 min (9.03 hrs), respectively, whereas the corresponding standing times were 506.30 ± 6.01 min (8.26 hrs) for the treatment group and 572.45 ± 7.10 min (9.32 hrs) for the control group, as listed in table 2. Cows housed on sand bedding spent approximately 66 min more per day resting compared to those maintained on concrete flooring, and this difference was statistically significant. These findings are consistent with those of Margerison et al. (2014), who reported increased lying time and reduced standing duration in sand-bedded stalls relative to concrete floors. Furthermore, the provision of dry and soft bedding has been shown to create a more comfortable microenvironment, thereby promoting adequate rest and improved performance in dairy cattle (Husfeldt and Endres, 2012). 
Table 2. Behavioural parameters of crossbred cow reared under treatment and control shed 

	Parameters
	Control group 
	Treatment group
	P value
	% Change 

	Lying time (min)
	543.29 ±7.51
	609.46 ±6.18
	0.001
	12.26

	Standing time (min)
	572.45 ±7.10
	506.30 ±6.01
	0.001
	11.63

	Eating time (min)
	318.15±6.17
	328.32±5.00
	0.113
	3.19

	Sitting rumination time (min)
	307.21 ±7.29
	356.28 ±5.31
	0.001
	15.84

	Standing rumination time (min)
	66.07 ±6.30
	65.05 ±4.11
	0.44
	1.5

	Total rumination time (min)
	373.89 ±6.03
	420.54 ±5.28
	0.001 
	12.47


The sitting rumination time and total rumination time were significantly (P < 0.01) higher in the treatment group compared to the control group. Cows housed on sand bedding spent more time feeding and ruminating than those kept on concrete flooring, which is consistent with the findings of earlier studies (Cooper et al., 2007; Madke et al., 2010; Sinha et al., 2018). White et al. (2017) reported an average eating time of 284 min/d, with a wide range from 141 to 507 min/d. This substantial variability can be attributed to differences among studies in the criteria used to define and record eating behaviour. Eating time is strongly influenced by management-related factors such as feeding strategy and feed availability, as well as by dry matter intake, the physical and chemical characteristics of the diet and inherent inter-animal variability. The improvements in housing design and the use of appropriate bedding materials, such as sand create a more comfortable environment that promotes resting and rumination in dairy animals.
3.3. Animal welfare index:

The animal welfare index like CCI, LS and BHS of the cow of treatment and control group were listed in Fig. 1. The Cow Comfort Index (CCI), first proposed by Nelson (1996) is widely used as an indicator of stall comfort assessment of dairy cows. The CCI of cow in the control and treatment groups was 76.56 ±4.37 and 92.18 ±3.28 respectively. The proportion of cow comfort indices was significantly (P<0.05) higher in the treatment group as compared to the control group. The maximum value of the comfort index is highest during the early morning hours (around 03:00 A.M.) and approximately one hour after cows return from milking (Overton et al., 2003). In the present study, the treatment group exhibited a significantly higher (P < 0.001) CCI compared to the control group. A CCI value exceeding 85% is generally considered indicative of optimal cow comfort, suggesting that sand bedding markedly enhances cow comfort. Sand-bedded stalls have been reported to improve lying behaviour, reduce hock lesions and lower the risk of mastitis (Cook, 2010; Kumar et al., 2017). The present findings are consistent with those of Niu et al. (2023), who observed a higher CCI in cows housed on fermented manure bedding compared with concrete flooring. In contrast, housing on concrete surfaces has been associated with an increased incidence of heel erosions, lameness and excessive claw growth and wear (Vanegas et al., 2006).
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Fig 1: Welfare index (CCI, LS and BHS) in control and treatment groups

The mean values of LS of cow in control and treatment groups were 1.30 ± 0.05 and 1.14 ± 0.03 and mean value of BHS were 1.84 ±0.12 and 1.73 ±0.16 respectively as presented in fig 1. The locomotion score of cows in the treatment group was significantly lower (P < 0.05) than that of the control group, indicating improved locomotor comfort. Although no significant difference was observed in body hygiene score (BHS) between the two groups, cows housed on sand bedding exhibited a marginally lower BHS compared with those kept on concrete flooring. Cows maintained on concrete floors are reported to have a higher risk of heel erosions and lameness, as well as increased claw growth and wear (Vanegas et al., 2006). In agreement with these observations, Kumar et al. (2017) documented a greater incidence of health disorders, including teat and udder lesions, mastitis, fever and uterine infections, in cows housed on concrete flooring compared with those provided with sand bedding. Elmore et al. (2015) studied that cows housed on rubber mats exhibited reduced joint damage compared with those maintained on concrete flooring. Likewise, previous studies have reported fewer hock lesions, reduced joint wear, and improved limb and hoof health in cows kept on pastures or provided with deep sand or deep recycled manure bedding (Van Gastelen et al., 2011; Husfeldt et al., 2012). Supporting these observations Han et al. (2021) reported, based on serum biomarkers of joint damage, that the severity of lameness and joint deterioration was greater in cows housed on concrete floors than in those provided with deep sand or deep fermented manure bedding. Sand bedding reduces the incidence of lameness, hock lesions and claw disorders by minimizing joint impact and excessive hoof wear commonly observed on concrete floors. 
4. Conclusion 

The findings of the present investigation indicate that the use of sand bedding significantly improves the production performance and welfare of crossbred lactating cows compared to conventional concrete flooring. Higher dry matter intake and milk yield, along with improved welfare indices and behaviour reflect enhanced comfort and reduced physical stress in cows housed on sand bedding. Increased lying and rumination are closely associated with improved feed efficiency and higher milk production in lactating cows. The soft and non-abrasive nature of sand likely promoted better lying behaviour and normal physiological activities, thereby supporting improved health and productivity. Thus, sand bedding can be justified as a superior housing option for enhancing both welfare and productive efficiency of lactating dairy cows under similar management conditions. However, a relatively small sample size for the present study was a limitation under specific managemental conditions. Therefore, future research should be required to evaluate the economic feasibility with larger herd sizes and longer experimental durations to validate these findings under diverse climatic and managemental conditions.
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