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Simple Summary

Bedding refers to a variety of materials placed on the stall floor to accommodate horses. It is primarily
used to absorb urine and other moisture, provide cushioning, and create a dry, comfortable
environment. Although the impacts of different bedding materials on equine comfort have been
widely studied, the effects of bedding materials on comfort in horses of varying sizes remain
insufficiently explored. This study examined how bedding type (straw vs rice husk) and body size
(horses taller than the upper bar of the individual box’s front gate vs shorter than it) influence horse
comfort, as assessed by behavioural scores, recumbent time, and autonomic regulation measured by
heart rate and its variability during a 24-hour housing period. Results indicated that airborne particle
concentration was significantly higher in stalls with rice husk bedding compared to those with straw.
Horses appeared more comfortable when housed on straw bedding. Additionally, horses taller than
the upper bar of the box’s front gate exhibited lower stress levels than shorter horses. These findings
offer insights into stress responses in horses of varying body sizes on different bedding materials.
Although this study demonstrated significant effects of bedding material and body size on autonomic
regulation, these findings require validation through further long-term research.

Abstract

Bedding serves a vital role in horse stable management. Although earlier research has examined
stress responses to bedding materials, the effect of bedding types on these responses in horses of
different sizes has not been studied. This study assessed the influence of bedding materials (straw vs
rice husk) and body size (horses taller than the upper bar of the front gate [H1] vs shorter ones [H2])
on stress responses. Stress was evaluated using behavioural scores, recumbent time, and autonomic
regulation via heart rate (HR) and heart rate variability (HRV). Microenvironmental variables such
as relative humidity (RH), air temperature (AT), volatile organic compounds (VOCs), carbon dioxide
(COy), particle counts (PC; PC1, 2.5 and 5) and fine particulate matter (PM; PM1, 2.5 and 5) were also
recorded. No differences were observed in RH, AT, VOCs or CO:2 between stables with different
bedding materials. However, PC (1, 2.5 and 5) and PM (1, 2.5 and 5) levels were higher in stables with
rice husk than in those with straw. Beat-to-beat (RR) intervals increased, and HR decreased in both
H1 and H2 horses on straw during the night (p < 0.05). H1 horses generally showed lower HR and
higher RR intervals than H2 horses during housing, regardless of the bedding material used (p <0.05-
0.0001). Although bedding and body size affected behavioural scores and several HRV metrics, no
significant within- or between-group differences were detected. These findings suggest that both
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bedding material and body size influence stress responses; however, short-term individual box
housing may not provide sufficient stressors to produce significant differences.

Keywords: behaviour; body height; horse; heart rate variability; recumbent time; rice husk; stable
microclimate; straw; stress; welfare

1. Introduction

In contrast to their wild counterparts, domesticated horses spend most of their time in stables
[1-3]. Consequently, ensuring the well-being of horses in stable housing is a significant concern. In
addition to stable architecture, bedding type serves a critical role in influencing stereotypic behaviour
and, by extension, animal welfare during stabling [4,5]. Bedding is integral to daily stable
management and fulfils several functions, such as moisture absorption, creating an appropriate
microenvironment for rest, providing thermal insulation and cushioning, and encouraging
recumbency in stabled horses [6-9].

A variety of materials have been utilised as bedding in horse stables, including straw, wood
shavings, sawdust, compressed wood pellets and rubber mats [10-12]. Among these, straw and wood
shavings are the most frequently used in horse stable management [12,13]. Both materials have a dry
matter content of 86-89% and a water-binding capacity of 316-321%, which can optimise moisture
absorption in the stable and thus reduce the frequency of bedding replacement [12,14]. Straw is often
preferred due to its edibility and comfort, which promote recumbency in horses. In contrast, wood
shavings offer superior absorbency, and their dust-free properties are advantageous for horses with
respiratory conditions [14]. Rice husk, a by-product of rice processing, has also been used as bedding
in areas where rice is produced and is considered eco-friendly due to its biodegradability and
renewable nature [12,15]. Despite these advantages, high dust levels or low-quality bedding materials
can adversely affect indoor air quality. These factors may contribute to an increase in airborne
particles, which can cause respiratory problems in stabled horses and stable workers [6,7,10].
Consequently, the selection of bedding materials should prioritise low particle emission, minimise
stress and support the welfare of horses in stables.

Horse welfare is commonly assessed using behavioural changes [16,17], hormonal responses
[18-20], autonomic regulation as determined by heart rate (HR) and heart rate variability (HRV) [21-
23], and combined variables [24-26]. Among these parameters, HRV is widely recognised as a non-
invasive indicator of stress levels and a measure of autonomic nervous system (ANS) function in
maintaining body homeostasis [27,28]. HRV is defined by rhythmic fluctuations in the intervals
between adjacent heartbeats, which are influenced by parasympathetic (vagal) and sympathetic
impulses from the ANS. An increase in HRV indicates a shift toward greater vagal tone, which
enhances adaptability to physiological challenges, whereas a decrease in HRV reflects reduced
adaptability and potential stress [29-31]. Several HRV metrics, such as the square root of the mean
squared differences between successive normal beat-to-beat (RR) intervals (RMSSD), the high-
frequency (HF) band, and the standard deviation in the Poincaré plot perpendicular to the line of
identity (SD1), primarily reflect vagal dominance [28,30,32]. In contrast, RR intervals, the standard
deviation of normal-to-normal RR intervals (SDNN), the mean of the standard deviations of normal-
to-normal RR intervals in 5-minute segments (SDNNI), the low-frequency (LF) band, and the
standard deviation in the Poincaré plot along the line of identity (SD2) are modulated by both
sympathetic and vagal components [28,29]. The ratios of the frequency band variables (LF/HF) and
non-linear variables (5D2/SD1) indicate sympathovagal balance [29,30,33]. Therefore, HRV metrics
are considered reliable indicators of horse welfare and have been employed to assess stress or
discomfort in horses during exercise [21,34,35], disease-related discomfort [22,36,37], transportation
[38-40] and stable housing [14,41].

Although the stress responses of horses to different bedding materials have been reported,
limited information exists regarding how these responses vary across horses of different sizes.
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Therefore, this study aimed to examine the effects of bedding materials on stress-related behaviour,
recumbent time and autonomic regulation in horses of varying body sizes. It was hypothesised that
bedding types would differentially influence stress responses depending on horse size.

2. Materials and Methods

2.1. Animals

Fifteen healthy horses, including six mares and nine geldings aged 12-28 years, from the Horse
Lover’s Club in Pathum Thani, Thailand (Latitude: 13.9945, Longitude: 100.68081), were included in
this study. All animals were housed individually in 4 x 4 m brick stables with plaster insulation. The
stables were separated by solid walls up to 170 cm high, with vertical bars above to allow visual
contact between neighbouring horses. The front gate of each stable was solid up to 134 cm, with a 50
cm gap at the bottom. As feed, 2-3 kg of commercial pellets were split equally and provided three
times daily. Pangola hay and water were freely available in their stables. Horses were usually utilised
for school riding for 40-60 minutes, 3—4 days weekly, or for sedentary work. They spent 1-3 hours
per day in the paddock on a day off, and spent most of their time in the stables. The horses included
in this study were free of injuries and gait abnormalities. Moreover, they had not received any
medical or surgical treatment in the 30 days prior to the study. Horses that incurred injuries or
illnesses during the study period would have been excluded from the study. No injuries or
abnormalities were identified. All 15 horses were included in the study.

2.2. Experimental Design

The study was conducted in October and November 2025 on rest days when exercise and other
activities were not permitted. Animals were allocated into two groups according to body weight and
height: the first group (H1) consisted of seven horses (average age 19.3 £ 6.6 years, weight 414.4 + 53.3
kg, height 153.0 + 8.5 cm) and the second group (H2) included eight horses (average age 21.4 + 4.5
years, weight 275.5 + 41.0 kg, height 127.5 + 7.8 cm). Each group was sequentially housed in their
stables with two different bedding materials for each consecutive 24-hour period. Both groups were
initially housed with straw bedding and subsequently switched to rice husk bedding on the next
experimental date. To minimise confounding factors, stable cleaning was not permitted, and only
routine feeding was allowed during the study. Parameters, including airborne particles, noxious
gases, stress-related behaviour, recumbent time and autonomic regulation, were monitored during
24-hour study periods for each group. Notably, data from 05:00-07:00 on the following day were
excluded from the analysis to avoid confounding by stable cleaning and morning activities. Thus, the
data were analysed for 22-hour periods from 07:00 h on the first day to 05:00 h on the following day.

2.3. Data Acquisition

2.3.1. Stable Microenvironment

Two temperature and humidity data loggers (TM-305U; Tenmars Electronics, Taipei, Taiwan)
were used to measure relative humidity (RH) and air temperature (AT) within the stables. They were
positioned in the stable aisle, approximately 60-70 cm above the concrete floor. The recorded average
RH and AT were reported as percentages (%) and degrees Celsius (°C), respectively. Interior air
quality was measured in the barn aisle using an air quality monitoring device (Canaree™ Air Quality
Monitor, Piera Systems, Ontario, Canada). The device was linked to a laptop running SenseiAQ
software (https://github.com/PieraSystems/SenseiAQ); accessed on 24 October 2025) and placed in the
middle of the stable aisle to export air quality data. The monitored air quality variables included
volatile organic compounds (VOCs), carbon dioxide (COz), particle counts (PCs) for particle sizes of
0.5-1 pm (PC1), 1-2.5 um (PC2.5) and 2.5-5 um (PC5), and fine particulate matter (PM) for particle
sizes of 0.5-1 um (PM1), 1-2.5 pm (PM2.5) and 2.5-5 um (PM5). VOCs and CO: were expressed as
parts per million (ppm), PC as the number per litre (/litre) and PM as micrograms per cubic metre
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(ug/m?3). Stable microenvironment data were collected at 60-minute intervals and reported as a 22-
hour average.

2.3.2. Stress-Related Behaviour and Recumbent Time

Surveillance cameras (Tapo C210V3, TP-Link Technologies Co., Ltd., Shenzhen, China) were
positioned at the front of the stables, approximately 3 m above the floor, to record the stereotypic
behaviours and recumbent times of horses housed in individual boxes from 07:00 on the first day to
05:00 on the following day. Three qualified observers evaluated the recorded stereotypic behaviours
and assigned stress levels as previously described [42]. Specifically, scores of 1 and 2 were assigned
when the horse was calm, unconcerned, relaxed, quiet, listening, accepting, alert or watching. Scores
of 3 and 4 were given when the horse was listening, interested, alert, curious, unsettled, or barging.
Scores of 5 to 7 were assigned when the horse exhibited a restless or tense body, fidgeting, jumpiness,
was easily startled, avoided potential stressors or remained still to focus on the observers. A score of
8 was given if the horse displayed weaving, box walking or repetitive head movements. Scores of 9
and 10 were assigned when the horse appeared agitated, fidgety, anxious, active, aggressive or
uncomfortable. Behavioural scores of 1 and 2 indicated no stress; scores of 3 and 4 indicated low
stress; scores of 5 to 7 indicated medium stress; and scores of 8 to 10 indicated the highest stress levels.
Behavioural scores were averaged across horses and reported every 60 minutes over a consecutive
22-hour period, while the recumbent time was reported as a 22-hour average.

2.3.3. Autonomic Regulation

Autonomic regulation was evaluated by monitoring HR and HRV using a heart rate monitoring
(HRM) device (Polar Electro Oy, Kempele, Finland), which reliably produces RR interval data and
HRV metrics [27,43-45]. A Polar equine belt, soaked in water and coated with ultrasound gel, was
applied to the electrode surface to improve conductivity. An H10 heart rate sensor was attached to
the belt and secured around the thorax, with the sensor pocket on the left side and wirelessly
connected to a Polar sports watch (Vantage 3) for RR interval data collection. The HRM device
remained on each horse throughout the experiment.

The Polar sports watch was connected to FlowSync software (https://flow.polar.com/start;
accessed on 28 November 2025) to transfer RR interval data, which were exported as comma-
separated value (CSV) files. These files were uploaded to Kubios Premium version 4.1.2.1 (Kubios
HRV scientific: https://www .kubios.com/hrv-premium/; accessed on 28 November 2025) for HRV
metric computation, and the resulting data were exported as MATLAB MAT files. To address
artefacts such as missing, extra, misaligned, or ectopic beats (including premature ventricular
contractions or other arrhythmias), an automatic artefact correction feature was applied to ensure
accurate RR interval alignment. Automatic noise detection was set to medium to filter out noisy
segments that could distort beat analysis. The smoothness prior method was used to remove non-
stationarity from the RR interval time series, with a cutoff frequency for trend removal set to 0.035
Hz, as specified in the user guidelines (https://www.kubios.com/downloads/Kubios_HRV_
Users_Guide.pdf, accessed 28 November 2025).

HRV metrics were reported in three methodological domains: (1) time domain analysis,
including mean HR, RR, SDNN, SDNNI, RMSSD, and stress index; (2) frequency domain methods,
comprising the LF band (0.01-0.07 Hz), HF band (0.07-0.6 Hz), LF/HF ratio and respiratory rate
estimated from RR intervals (RESP); and (3) non-linear methods, including SD1, SD2, and SD2/SD1
ratio. HRV metrics were collected at 60-minute intervals over a 22-hour period.

2.4. Data Analysis

Data analysis was conducted using GraphPad Prism version 11.0.0 (GraphPad Software Inc.,
San Diego, CA, USA). Missing data necessitated the use of a linear mixed-effects model (restricted
maximum likelihood) to assess the independent effects of bedding materials, body size and time,
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along with their two- and three-factor interactions, on stress-related behaviour, recumbent time and
HRV metrics. Tukey’s test was applied for multiple comparisons within and between groups. Since
the data were not normally distributed, the Kruskal-Wallis test, followed by Dunn’s multiple-
comparison test, was used to analyse recumbent time across bedding materials and body sizes. For
environmental parameters, the Wilcoxon matched-pairs signed-rank test was used for data with non-
normal distributions, and a paired t-test was used for normally distributed data. An unpaired t-test
with Welch’s correction was used to evaluate differences in age, weight and height between groups.
Results are reported as mean + SD, with significance set at p < 0.05.

3. Results

Notably, both horse groups were similar in age (p = 0.4937) but differed in body size (weight: p
= 0.0001; height: p < 0.0001). The variables of the stable microenvironment and physiological
responses of horses on straw and rice husk beddings are described as follows.

3.1. Noxious Gases and Airborne Particles

The VOC and CO: levels did not differ between stables with straw and rice husk beddings.
However, the PCs (PC1, PC2.5 and PC5) and PM (PM1, PM2.5 and PM5) appeared to be higher in
stables with rice husk bedding than in those with straw bedding (Table 1).

Table 1. Environmental parameters measured during 24-hour housing periods on straw and rice husk

beddings.
. Bedding materials
Variables Straw & Rice husk p-value
Relative humidity (RH) (%) 74.8 +10.3 732+72 |p=0.1011
Air temperature (AT) (°C) 29.0+1.5 29.1+1.6 |p=0.0567
Volatile organic compounds (VOCs) (ppm) 17.5£19.9 14.4+14.0 |p=0.35%
Carbon dioxide (CO2) (ppm) 1781.0 £ 929.2 |1812.0 £ 910.9| p = 0.6033
1 635.9 £213.4 |2421.0 +804.3| p <0.0001
Particle counts (PC) (/litre) 2.5 42.9+10.8 141.4+£50.4 |p <0.0001
5 09+0.5 49+18 |p<0.0001
1 29+09 105+3.1 |p<0.0001
Fine particulate matter (PM) (ug/m3)| 2.5 3.1+£09 114+3.3 |p<0.0001
5 3.1+1.0 11.2+3.3 |p<0.0001

3.2. Stress-Related Behaviour and Recumbent Time

There were effects of independent time and bedding materials on the behavioural scores (time:
F (1,330 = 3.806, p < 0.0001; bedding materials: F ¢, 304 = 11.09, p = 0.0010). Despite fluctuations, the
statistical analysis did not detect within- and between-group differences (Figure 1). Moreover,
recumbent time did not differ between horses housed on either bedding material during the 24-hour
housing period (straw (H1): 72.1 + 102.2 min; straw (H2): 82.4 + 96.3 min; rice husk (H1): 63.3 + 102.7
min; rice husk (H2): 71.1 = 78.3 min, p = 0.5191) (see Figure S1).
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Figure 1. Behavioural scores of horses with different body sizes housed on straw or rice husk over a 24-hour
period. a and B indicate the effects of the independent time and bedding materials. H1: horses of the first group;
H2: horses of the second group.

3.3. Heart Rate and Heart Rate Variability

3.3.1. Time Domain Analysis

Independent effects of bedding materials (F «, 210 = 4.466, p = 0.0356), body size (F @276 =303.5, p
< 0.0001) and time (F @1,276) = 6.791, p < 0.0001), as well as the interaction between bedding material
and body size (F ¢,240)=10.53, p = 0.0013), affected RR interval modification. Furthermore, independent
body size (F 27 = 237.1, p < 0.0001) and time (F (1, 276) = 5.520, p < 0.0001), as well as the interaction
between bedding material and body size (F @, 240 = 4.405, p = 0.0369), influenced HR changes. The
SDNN and stress index shared the same trend because they were modulated as the effects of bedding
materials (SDNN: F ¢,242 = 12.18, p = 0.0006; stress index: F (1,240 =7.785, p = 0.0057), body size (SDNN:
F (1,279 = 4.080, p = 0.0444; stress index: F ,276) = 31.47, p < 0.0001) and their interaction (SDNN: F @, 242)
=10.93, p =0.0011; stress index: F (, 210 = 25.05, p < 0.0001). The SDNNI fluctuated following the effect
of body size (F @, 271 = 37.31, p <0.0001) and the interaction between bedding material and body size
(F @, 26 = 9.243, p = 0.0026). On the contrary, the RMSSD was modified as the effects of bedding
materials (F (210 = 11.85, p = 0.0007) and the interaction between bedding materials and body size (F
,240) = 11.42, p = 0.0008) (Figure 2).

HR decreased between 03.00 and 05.00 in comparison to 07.00-09.00, 12.00-13.00 and 18.00-19.00
in the H2 group on straw bedding (p < 0.05-0.01); no within-group differences were observed in the
other groups. Likewise, HR in the H2 group on straw was higher than in the H1 group on rice husk
at 07.00-09.00 (p < 0.001). Moreover, HR in the H2 group was higher than in the H1 group when both
were housed on rice husk at 07.00-08.00 and 13.00-14.00 (p < 0.01). Simultaneously, HR in the H2
group was higher than in the H1 group when both were housed on straw at 08.00-09.00 (p < 0.05)
(Figure 2A).

RR intervals increased at 03.00-04.00, compared to the value at 18.00-19.00 in the H1 group
housed on the straw (p < 0.05). Meanwhile, they increased between 03.00-05.00 when compared to
the values at 07.00-08.00, 12.00-13.00 and 18.00-19.00 in the H2 group on straw (p < 0.05 for all
comparison pairs). No within-group differences were detected in the H1 and H2 groups when they
were housed on rice husk. The RR intervals of the H1 group housed on rice husk were greater than
those of the H2 group on straw at 07.00-09.00, 13.00-16.00 and 22.00-23.00 (p < 0.01-0.0001). Those in
the H1 group were higher than in the H2 group when they were housed on rice husk at 07.00-08.00,
13.00-15.00 and 22.00-23.00 (p < 0.05-0.001) (Figure 2B).

Despite fluctuations, there were no within- or between-group differences in the time domain
results, including SDNN, SDNNI, RMSSD and the stress index (Figures 2C-F).
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Figure 2. Mean heart rate (HR) (A), beat-to-beat (RR) intervals (B), standard deviation of normal-to-normal RR
intervals (SDNN) (C), mean of the standard deviations of normal-to-normal RR intervals in 5 min segments
(SDNNI) (D), square root of the mean squared differences between successive RR intervals (RMSSD) (E) and
stress index (F) for horses of different sizes housed on straw or rice husk. &, B, v and & indicate the effects of
time, bedding materials, body size, and the interaction between bedding material and body size, respectively.
H1: horses of the first group, H2: horses of the second group. &, % and m indicate significant differences between
straw (H1) vs straw (H2), straw (H2) vs rice husk (H1), and rice husk (H1) vs rice husk (H2) at similar time
points. a, b, ¢ and d indicate within-group differences from values at 07.00-08.00, 08.00-09.00, 12.00-13.00 and
18.00-19.00, respectively. Notably, the colours of the letters align with the line colour of each group.

3.3.2. Frequency Domain Analysis

Bedding materials and body size influenced the LF band (bedding materials: F ¢, 240)=4.971, p =
0.0267; body size: F 1,27 = 10.21, p = 0.0016) and the HF band (bedding materials: F @, 240 = 5.437, p =
0.0205; body size: F (1,276 = 9.951, p = 0.0018). By contrast, bedding materials (F (1,210 = 4.542, p =0.0341),
body size (F @, 276 = 6.808, p = 0.0096) and their interaction (F «, 240 = 4.329, p = 0.0385) affected the
LF/HF ratio. Moreover, the effects of independent body size (F ¢, 27 = 79.64, p < 0.0001) and the
interaction of body size and bedding material (F 210 = 10.58, p = 0.0013) on RESP expression were
observed (Figure 3). As with the time domain results, no within- or between-group differences were
observed in the LF band, HF band, LF/HF ratio or RESP (Figures 3A-D).
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Figure 3. Low-frequency (LF) band (A), high-frequency (HF) band (B), LF/HF ratio (C) and respiratory rate
estimated from RR intervals (D) in horses of different sizes housed on straw or rice husk bedding. B, y and &
indicate the effects of bedding material, body size and the interaction between bedding material and body size,

respectively. H1: horses of the first group; H2: horses of the second group.

3.3.2. Non-Linear Analysis

SD1 modulation was affected by bedding materials (F (1,218 =12.71, p = 0.0004) and the interaction
between bedding material and body size (F 1,218 = 9.904, p = 0.0019). By contrast, bedding material (F
a,239 = 7.963, p = 0.0052), body size (F 1,27 = 9.076, p = 0.0028), and their interaction (F ¢, 239 =25.14, p <
0.0001) influenced SD2 fluctuation. The SD2/SD1 ratio was influenced by the main time effect (F @,
276) = 2.311, p = 0.0012). Unexpectedly, there were no within- or between-group differences in these
non-linear variables (Figures 4A-C).
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Figure 4. Standard deviation in the Poincaré plot perpendicular to the line of identity (SD1) (A), standard
deviation in the Poincaré plot along the line of identity (SD2) (B) and SD2/SD1 ratio (C) in horses of different

sizes housed on straw or rice husk. a, B, Y and & indicate the effects of time, bedding material, body size and the
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interaction between bedding material and body size, respectively. H1: horses of the first group; H2: horses of the

second group.

4. Discussion

This study examined how bedding materials affect horses in individual box housing across
different body sizes. The key results were as follows: 1) there were no significant differences in VOC
and CO2 emissions between the two bedding types; however, airborne particle concentrations were
much higher with rice husk than with straw; 2) behavioural scores, HR and HRV metrics were
influenced by both bedding type and horse size; 3) RR intervals increased, and HR decreased only in
horses on straw during the night; 4) horses with a height above the upper bar of the front gate of the
box tended to show lower HR and higher RR intervals during housing, regardless of bedding type;
5) although bedding type and body size affected behavioural scores and several HRV metrics, no
significant within- or between-group differences were observed. These findings suggest that while
both bedding materials and body size affect stress responses, short-term individual box housing may
not provide sufficient stressors to reveal differences.

In this study, stable microenvironmental factors (e.g. RH, AT, and VOC and CO2 emissions) were
similar between stables using straw and those using rice husk bedding. However, airborne particle
concentrations were higher in stables with rice husk compared to those with straw. These results
partially align with previous research indicating that bedding material type influences dust and air
contamination levels [7,46]. Elevated airborne particulates are associated with respiratory problems
and may compromise the health of individual loose boxed horses [5,6,47]. Therefore, the higher
concentration of airborne particles observed in rice husk stables could pose a greater risk of
respiratory issues. Nevertheless, the concentrations of airborne particles —including PM1, PM2.5 and
PM5—ranged from approximately 0.002 to 0.006 mg/m?3 (converted from 1.9-5.8 pg/m?3) in straw-
bedded stables and 0.007 to 0.018 mg/m? (converted from 7.3-18.4 ug/m?) in rice husk-bedded stables.
These values are substantially lower than those reported in temperate climates, which range from
0.33-1.42 mg/m? [48] to 0.68-1.07 mg/m? [49]. This discrepancy may be attributed to differences in
stable architecture and management practices between temperate and tropical climates. In temperate
regions, stables are typically fully enclosed, with scheduled window openings to prevent draughts
and maintain an optimal microclimate [50,51]. Notably, such designs may restrict ventilation and
allow dust to accumulate. In contrast, stables in tropical climates are often partially covered, with
barn gates left open during the day and, in some cases, the absence of permanent external walls
[41,52]. These features facilitate greater airflow and reduce dust accumulation during the day.
Although dust emissions from rice husk bedding remained below the recommended animal hygiene
threshold of 3 mg/m? [53], its higher dust output compared to straw and the associated potential risk
of respiratory disorders should be considered when selecting rice husk for long-term bedding.

Horses acclimated to the new bedding provided each day and exhibited preferences for specific
bedding materials during the initial hours of the study. This observation was supported by variations
in HR among groups during the first few hours of the experiment, which partially aligns with
previous research reporting increased HR in horses exposed to novel objects [23,54]. The increased
RR interval observed overnight in horses from both groups housed on straw bedding suggests
increased HRV and a shift toward vagal tone, indicating that straw may be a more favourable
bedding option. Likewise, taller horses, defined as those exceeding the front door height of each box,
exhibited higher RR intervals compared to shorter horses. Several factors may have contributed to
these outcomes. Horses taller than the front gate of their box could extend their heads and necks
beyond the door, potentially accessing a more favourable microenvironment outside the box. In
contrast, shorter horses remained confined within their boxes, which may have resulted in greater
exposure to residual air pollution. Additionally, within the boxes, horses of different heights were
likely exposed to varying microenvironmental conditions. RH, which is influenced by differences in
moisture content, can vary with height above the floor in individual loose boxes with specific bedding
types [15]. Consequently, horses shorter than their box’s front gate likely experienced greater
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discomfort compared to those taller than the front gate. Despite the influence of individual factors
and their interactions with autonomic responses, no significant differences were observed within or
between groups in several HRV metrics. Thus, it is plausible that the stress levels experienced during
the 24-hour housing period were likely insufficient to induce notable changes in autonomic
responses. In light of this, further research is warranted to investigate the long-term effects of straw
and rice husk beddings on autonomic regulation in horses of varying sizes.

Despite its value, this study presents several limitations. First, measurements of the stable
microenvironment were conducted on the stable aisle to ensure safety during device setup. As a
result, these measurements may not accurately represent the microenvironment within individual
loose boxes. Second, the relatively short study duration may have contributed to the absence of
observed differences in behavioural scores and HRV metrics both within and between groups,
despite the potential effects of bedding material and body size. Further research with an extended
duration is necessary to confirm the effects of bedding materials and body size on these stress
responses in horses. Finally, the temporal disconnection between the HR sensor and the sports watch
was unavoidable, particularly when horses were recumbent. Notably, this limitation may have
influenced the HRV analyses. Therefore, the findings should be interpreted with caution.

5. Conclusions

Bedding material and body size influenced stress responses in horses housed individually in
single-box stables. Overall, horses appeared more comfortable when housed on straw bedding.
Furthermore, horses whose height exceeded the upper bar of their box’s front gate were expected to
experience less stress than those whose height fell below it. Nonetheless, these outcomes require
validation through additional long-term research. The findings presented here provide insights into
the stress responses of horses with varying body sizes utilising different bedding materials, which
may inform stable management practices and serve as a foundation for future research on housing
management for horses.

Supplementary Materials: Supporting information can be downloaded at:
https://www.doi.org/10.6084/m9.figshare.31452076; Figure S1: Recumbent time on different bedding materials

in horses of varying body sizes.
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Abbreviations

The following abbreviations are used in this manuscript:

ANOVA  Analysis of variance

Csv Comma-separated values

HF High-frequency band

HR Heart rate

H1 Horses of the first group

H2 Horses of the second group

HRM Heart rate monitoring

HRV Heart rate variability

LF Low-frequency band

LSD Least significant difference

RESP Respiratory rate estimated from RR intervals

RMSSD  Square root of the mean squared differences between successive RR intervals
RR Beat-to-beat

SDNN Standard deviation of normal-to-normal RR intervals

SDNNI  Mean of the standard deviations of normal-to-normal RR intervals in 5-min segments
SD1 Standard deviation in the Poincaré plot perpendicular to the line of identity
SD2 Standard deviation in the Poincaré plot along the line of identity
References

1.  Borthwick, E.J.; Preshaw, L.; Wheeler-Launder, C.; Challinor, C.; Housby-Skeggs, N.; Boalch, E.; Brown,
S.M.; Pearson, G. Stable design influences relaxation and affiliative behavior in horses during short isolation
bouts. ]. Vet. Behav. 2023, 69-70, 1-7, doi:https://doi.org/10.1016/j.jveb.2023.10.003.

2. McGreevy, P.D.; Cripps, P.J.; French, N.P.; Green, L.E.; Nicol, C.J. Management factors associated with
stereotypic and redirected behaviour in the Thoroughbred horse. Equine Vet. ]. 1995, 27, 86-91,
doi:https://doi.org/10.1111/j.2042-3306.1995.tb03041.x.

3. Lesimple, C.; Poissonnet, A.; Hausberger, M. How to keep your horse safe? An epidemiological study about
management practices. Appl. Anim. Behav. Sci. 2016, 181, 105-114,
doi:https://doi.org/10.1016/j.applanim.2016.04.015.

4. McGorum, B.C; Ellison, J.; Cullen, R.T. Total and respirable airborne dust endotoxin concentrations in
three equine management systems. Equine Vet. ]. 1998, 30, 430-434, doi:https://doi.org/10.1111/j.2042-
3306.1998.tb04514.x.

5. Fleming, K.; Hessel, E.F.; Van den Weghe, H.F.A. Generation of Airborne Particles from Different Bedding
Materials Used for Horse Keeping. J. Equine Vet. Sci. 2008, 28, 408-418,
doi:https://doi.org/10.1016/j.jevs.2008.05.004.

6.  Saastamoinen, M.; Séarkijdrvi, S.; Hyyppd, S. Reducing Respiratory Health Risks to Horses and Workers: A
Comparison of Two Stall Bedding Materials. Animals 2015, 5, 965-977,
doi:https://doi.org/10.3390/ani5040394.

7.  Kwiatkowska-Stenzel, A.; Witkowska, D.; Sowinska, J.; Stopyra, A. The effect of stable bedding materials
on dust levels, microbial air contamination and equine respiratory health. Res Vet Sci 2017, 115, 523-529,
doi:https://doi.org/10.1016/j.rvsc.2017.09.022.

8.  Ninomiya, S.; Aoyama, M.; Ujiie, Y.; Kusunose, R.; Kuwano, A. Effects of Bedding Material on the Lying
Behavior in Stabled Horses. J. Equine Sci. 2008, 19, 53-56, doi: https://doi.org/10.1294/jes.19.53.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1052.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 March 2026 d0i:10.20944/preprints202603.1052.v1

12 of 14

9.  Kwiatkowska-Stenzel, A.; Sowinska, J.; Witkowska, D. The Effect of Different Bedding Materials Used in
Stable on Horses Behavior. J. Equine Vet. Sci. 2016, 42, 57-66, doi:https://doi.org/10.1016/j.jevs.2016.03.007.

10. Monki, J.; Saastamoinen, M.; Karikoski, N.; Norring, M.; Rajaméki, M.; Mykkanen, A. Effects of Bedding
Material on Equine Lower Airway Inflammation: A Comparison of Two Peat Beddings, Wood Pellet, and
Straw Pellet. Front. Vet. Sci. 2021, 8, 799645, doi:https://doi.org/10.3389/fvets.2021.799645.

11. Baumgartner, M.; Zeitler-Feicht, M.H.; Wéhr, A.C.; Wéhling, H.; Erhard, M.H. Lying behaviour of group-
housed horses in different designed areas with rubber mats, shavings and sand bedding. Pferdeheilkunde
2015, 31, 211-220.

12. Masebo, N.T.; Benedetti, B.; Mountricha, M.; Lee, L.; Padalino, B. A Literature Review on Equine Bedding;:
Impacts on Horse and Human Welfare, Health, and the Environment. Animals 2025, 15, 751,
doi:https://doi.org/10.3390/ani15050751.

13. Pfister, J.LA.; Lee, S.T.; Arnett, D.P.; Panter, K.E. Preference by horses for bedding pellets made from
switchgrass (Panicum virgatum) strawllThe mention of trade or manufacturer names is made for
information only and does not imply an endorsement, recommendation, or exclusion by USDA-ARS. The
Professional Animal Scientist 2017, 33, 349-356, doi:https://doi.org/10.15232/pas.2016-01585.

14. Werhahn, H.; Hessel, E.F.; Van den Weghe, H.F.A. Competition Horses Housed in Single Stalls (II): Effects
of Free Exercise on the Behavior in the Stable, the Behavior during Training, and the Degree of Stress. |.
Equine Vet. Sci. 2012, 32, 22-31, doi:https://doi.org/10.1016/j.jevs.2011.06.009.

15. Bambi, G; Rossi, G.; Barbari, M. Comparison between different types of bedding materials for horses. Agron
Res 2018, 16, 646-655, doi:https://doi.org/10.15159/AR.18.124.

16. de Graaf-Roelfsema, E.; Keizer, H.A.; van Breda, E.; Wijnberg, 1.D.; van der Kolk, ].H. Hormonal responses
to acute exercise, training and overtraining a review with emphasis on the horse. Vet Q 2007, 29, 82-101,
doi:https://doi.org/10.1080/01652176.2007.9695232.

17.  Olvera-Maneu, S.; Carbajal, A.; Serres-Corral, P.; Lopez-Béjar, M. Cortisol Variations to Estimate the
Physiological Stress Response in Horses at a Traditional Equestrian Event. Animals 2023, 13, 396,
doi:https://doi.org/10.3390/ani13030396.

18. Fazio, E.; Medica, P.; Cravana, C.; Ferlazzo, A. Cortisol response to road transport stress in calm and
nervous stallions. J. Vet. Behav. 2013, 8, 231-237, doi:https://doi.org/10.1016/j.jveb.2012.10.010.

19. Fazio, E.; Medica, P.; Cravana, C.; Ferlazzo, A.A. Pituitary-adrenocortical adjustments to transport stress
in horses with previous different handling and transport conditions. Vet World 2016, 9, 856-861,
doi:https://doi.org/10.14202/vetworld.2016.856-861.

20. Esch, L.; Wohr, C.; Erhard, M.; Kriiger, K. Horses” (Equus Caballus) Laterality, Stress Hormones, and Task
Related Behavior in Innovative Problem-Solving. Animals 2019, 9, 265,
doi:https://doi.org/10.3390/ani9050265.

21. Rietmann, T.R; Stuart, A.E.A.; Bernasconi, P.; Stauffacher, M.; Auer, ]J.A.; Weishaupt, M.A. Assessment of
mental stress in warmblood horses: heart rate variability in comparison to heart rate and selected
behavioural parameters. Appl. Anim. Behav. Sci. 2004, 88, 121-136,
doi:https://doi.org/10.1016/j.applanim.2004.02.016.

22.  Gehlen, H.; Faust, M.-D.; Grzeskowiak, R.M.; Trachsel, D.S. Association between Disease Severity, Heart
Rate Variability (HRV) and Serum Cortisol Concentrations in Horses with Acute Abdominal Pain. Animals
2020, 10, 1563, doi:https://doi.org/10.3390/ani10091563.

23. Sanigavatee, K.; Wonghanchao, T.; Poochipakorn, C.; Pongnarudech, P.; Suchairat, T.; Jitsopin, S,;
Wanichayanon, B.; Sripiboon, S.; Chanda, M. Stress responses of horses transported long-distance by road
to and from a jumping competition in a tropical climate. J. Anim. Sci. 2025, skaf214, doi:
https://doi.org/10.1093/jas/skaf214.

24. Schmidt, A.; Mostl, E.; Wehnert, C.; Aurich, J.; Miiller, J.; Aurich, C. Cortisol release and heart rate
variability ~ in  horses during  road transport. Horm. Behav. 2010, 57, 209-215,
doi:https://doi.org/10.1016/j.yhbeh.2009.11.003.

25.  Schmidt, A.; Hodl, S.; Mostl, E.; Aurich, J.; Miiller, J.; Aurich, C. Cortisol release, heart rate, and heart rate
variability in transport-naive horses during repeated road transport. Domest. Anim. Endocrinol. 2010, 39,
205-213, doi:https://doi.org/10.1016/j.domaniend.2010.06.002.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1052.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 March 2026 d0i:10.20944/preprints202603.1052.v1

13 of 14

26. Sanigavatee, K.; Poochipakorn, C.; Huangsaksri, O.; Wonghanchao, T.; Yalong, M.; Poungpuk, K,
Thanaudom, K.; Chanda, M. Hematological and physiological responses in polo ponies with different field-
play positions during low-goal polo matches. PLoS ONE 2024, 19, 0303092, doi:
https://doi.org/10.1371/journal.pone.0303092.

27. Frippiat, T.; van Beckhoven, C.; Moyse, E.; Art, T. Accuracy of a heart rate monitor for calculating heart
rate variability parameters in exercising horses. ]. Equine Vet. Sci. 2021, 104, 103716,
doi:https://doi.org/10.1016/j.jevs.2021.103716.

28. Stucke, D.; Grofie Ruse, M.; Lebelt, D. Measuring heart rate variability in horses to investigate the
autonomic nervous system activity — Pros and cons of different methods. Appl. Anim. Behav. Sci. 2015, 166,
1-10, doi:https://doi.org/10.1016/j.applanim.2015.02.007.

29. von Borell, E;; Langbein, J.; Després, G.; Hansen, S.; Leterrier, C.; Marchant, J.; Marchant-Forde, R.; Minero,
M.; Mohr, E.; Prunier, A.; et al. Heart rate variability as a measure of autonomic regulation of cardiac
activity for assessing stress and welfare in farm animals — A review. Physiol. Behav. 2007, 92, 293-316,
doi:https://doi.org/10.1016/j.physbeh.2007.01.007.

30. Shaffer, F.; Ginsberg, ].P. An Overview of Heart Rate Variability Metrics and Norms. Front. Public Health
2017, 5, 258, doi:https://doi.org/10.3389/fpubh.2017.00258.

31. Huangsaksri, O.; Wonghanchao, T.; Sanigavatee, K.; Poochipakorn, C.; Chanda, M. Heart rate and heart
rate variability in horses undergoing hot and cold shoeing. PLoS ONE 2024, 19, e0305031,
doi:https://doi.org/10.1371/journal.pone.0305031.

32. Janczarek, I; Kedzierski, W.; Wilk, I.; Wnuk-Pawlak, E.; Rakowska, A. Comparison of daily heart rate
variability in old and young horses: A preliminary study. J. Vet. Behav. 2020, 38, 1-7,
doi:https://doi.org/10.1016/j.jveb.2020.05.005.

33. Kuwahara, M.; Hiraga, A.; Kai, M.; Tsubone, H.; Sugano, S. Influence of training on autonomic nervous
function in horses: evaluation by power spectral analysis of heart rate variability. Equine Vet. . 1999, 31,
178-180, doi:https://doi.org/10.1111/j.2042-3306.1999.tb05213 x.

34. Huangsaksri, O.; Sanigavatee, K.; Poochipakorn, C.; Wonghanchao, T.; Yalong, M.; Thongcham, K,;
Srirattanamongkol, C.; Pornkittiwattanakul, S.; Sittiananwong, T.; Ithisariyanont, B.; et al. Physiological
stress responses in horses participating in novice endurance rides. Heliyon 2024, 10, 31874, doi:
https://doi.org/10.1016/j.heliyon.2024.e31874.

35. Coelho, C.S,; Silva, A.S.B.A.; Santos, C.M.R,; Santos, A.M.R.; Vintem, C.M.B.L.; Leite, A.G.; Fonseca, ] M.C.;
Prazeres, ] M.C.S.; Souza, V.R.C,; Siqueira, R.F.; et al. Training Effects on the Stress Predictors for Young
Lusitano Horses Used in Dressage. Animals 2022, 12, 3436, doi:https://doi.org/10.3390/ani12233436.

36. Rietmann, T.R; Stauffacher, M.; Bernasconi, P.; Auer, ].A.; Weishaupt, M.A. The Association between Heart
Rate, Heart Rate Variability, Endocrine and Behavioural Pain Measures in Horses Suffering from Laminitis.
J. Vet. Med. A 2004, 51, 218-225, doi:https://doi.org/10.1111/j.1439-0442.2004.00627 x.

37. Nyerges-Bohak, Z.; Kovacs, L.; Povazsai, A.;Hamar, E.; Poti, P.; Ladanyi, M. Heart rate variability in horses
with and  without severe equine asthma. Equine  Vet. ] 2025, 57, 611-618,
doi:https://doi.org/10.1111/evj.14414.

38. Munsters, C.C.B.M.; de Gooijer, ].W.; van den Broek, ].; van Oldruitenborgh-Oosterbaan, M.M.S. Heart rate,
heart rate variability and behaviour of horses during air transport. Vet. Rec. 2013, 172, 15-15,
doi:https://doi.org/10.1136/vr.100952.

39. Lertratanachai, S.; Poochipakorn, C.; Sanigavatee, K. Huangsaksri, O.; Wonghanchao, T,
Charoenchanikran, P.; Lawsirirat, C.; Chanda, M. Cortisol levels, heart rate, and autonomic responses in
horses during repeated road transport with differently conditioned trucks in a tropical environment. PLoS
ONE 2024, 19, 0301885, doi:https://doi.org/10.1371/journal.pone.0301885.

40. Ohmura, H.; Hiraga, A. Effect of restraint inside the transport vehicle on heart rate and heart rate variability
in Thoroughbred horses. J. Equine Sci. 2022, 33, 13-17, doi: https://doi.org/10.1294/jes.33.13.

41. Poochipakorn, C.; Sanigavatee, K., Leelehapongsathon, K., Wonghanchao, T.;, Chanda, M. Stable
microclimates and autonomic modulation in horses housed in different stable architectures during
monsoon in a tropical environment. J. Equine Vet. Sci. 2025, 105685,
doi:https://doi.org/10.1016/j.jevs.2025.105685.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1052.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 March 2026 d0i:10.20944/preprints202603.1052.v1

14 of 14

42. Young, T.; Creighton, E.; Smith, T.; Hosie, C. A novel scale of behavioural indicators of stress for use with
domestic horses. Appl. Anim. Behav. Sci. 2012, 140, 33-43, doi:https://doi.org/10.1016/j.applanim.2012.05.008.

43. Kapteijn, C.M,; Frippiat, T.; van Beckhoven, C.; van Lith, H.A.; Endenburg, N.; Vermetten, E.; Rodenburg,
T.B. Measuring heart rate variability using a heart rate monitor in horses (Equus caballus) during
groundwork. Front. Vet. Sci. 2022, 9, 939534, doi:https://doi.org/10.3389/fvets.2022.939534.

44. Tlle, N.; Erber, R.; Aurich, C.; Aurich, ]J. Comparison of heart rate and heart rate variability obtained by
heart rate monitors and simultaneously recorded electrocardiogram signals in nonexercising horses. J. Vet.
Behav. 2014, 9, 341-346, doi:https://doi.org/10.1016/j.jveb.2014.07.006.

45. Mott, R.; Dowell, F.; Evans, N. Use of the Polar V800 and Actiheart 5 heart rate monitors for the assessment
of heart rate variability (HRV) in horses. Appl. Anim. Behav. Sci. 2021, 241, 105401,
doi:https://doi.org/10.1016/j.applanim.2021.105401.

46. Clements, ].M.; Pirie, R.S. Respirable dust concentrations in equine stables. Part 1: Validation of equipment
and effect of various management systems. Res Vet Sci 2007, 83, 256-262,
doi:https://doi.org/10.1016/j.rvsc.2006.12.002.

47. Kirschvink, N.; Di silvestro, F.; Sba1~, I.; Vandenput, S.; Art, T.; Roberts, C.; Lekeux, P. The Use of
Cardboard Bedding Material as Part of an Environmental Control Regime for Heaves-affected Horses: In
Vitro Assessment of Airborne Dust and Aeroallergen Concentration and In Vivo Effects on Lung Function.
Vet. ]. 2002, 163, 319-325, doi:https://doi.org/10.1053/tvjl.2001.0658.

48. Clements, ].M; Pirie, R.S. Respirable dust concentrations in equine stables. Part 2: The benefits of soaking
hay and optimising the environment in a neighbouring stable. Res Vet Sci 2007, 83, 263-268,
doi:https://doi.org/10.1016/j.rvsc.2006.12.003.

49. Riihimé&ki, M.; Raine, A.; Elfman, L.; Pringle, J. Markers of respiratory inflammation in horses in relation to
seasonal changes in air quality in a conventional racing stable. Can | Vet Res 2008, 72, 432-439.

50. Kic, P.; Wohlmuthova, M.; Starostova, L. Effects on the Indoor Environment in a Stable for Horses in
Winter: A Case Study. Agriculture 2024, 14, 1287, doi:https://doi.org/10.3390/agriculture14081287.

51. Kic, P.; Wohlmuthova, M. The Indoor Environment at the University Equestrian Facility in the Autumn
Semester: A Case Study. Animals 2025, 15, 3322, doi:https://doi.org/10.3390/ani15223322.

52. Poochipakorn, C.; Wonghanchao, T.; Sanigavatee, K.; Chanda, M. Stress Responses in Horses Housed in
Different Stable Designs during Summer in a Tropical Savanna Climate. Animals 2024, 14, 2263, doi:
https://doi.org/10.3390/ani14152263.

53. Fiedorowicz, G. Requirements for environmental conditions in horse breeding. Probl Agricult Eng 2007, 4,
133-138.

54. Visser, E.K,; van Reenen, C.G.; van der Werf, ].T.N.; Schilder, M.B.H.; Knaap, ].H.; Barneveld, A.; Blokhuis,
H.J. Heart rate and heart rate variability during a novel object test and a handling test in young horses.
Physiol. Behav. 2002, 76, 289-296, doi:https://doi.org/10.1016/S0031-9384(02)00698-4.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1052.v1
http://creativecommons.org/licenses/by/4.0/

