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Abstract: The study focuses on psychological and physical effects of stress while performing
community garden activities of various intensity levels. The aim of this study was to determine the
psychological and physical effects in adults with (case group) and without (control group) mental
disabilities. Salivary α-amylase (sAA) levels and the stress response scale (SRS-18) were used for the
psychological analysis (n = 42). For physical assessment (n = 13), electrocardiogram (ECG), surface
electromyogram (sEMG), and respiration rate were continuously measured while performing the
activities using a multichannel telemetry system. The results showed that following the activities,
the case group exhibited decreasing sAA levels while control group exhibited increasing sAA levels.
However, both groups exhibited lower SRS-18 results following the activities. Compared with the
control group, the case group had a significantly lower increase in the ratio of the heart rate (IRHR)
(5.5%) during low-intensity work (filling pots with soil), but a significantly higher IRHR (16.7%)
during high-intensity work (turning over soil). The case group experienced significantly higher
levels of fatigue during high-intensity work (digging) than during the rest condition. These findings
indicate that appropriate workload allocation, according to health, is necessary in the community
garden setting because reducing the intensity of work assignments for people with mental disabilities
will reduce their physical stress.

Keywords: community gardens; mental disabilities; psychological stress; physical stress; salivary
α-amylase; SRS-18; ECG; sEMG; breathing rate

1. Introduction

Health and well-being are important aspects of the cultural domain of urban sustainability [1].
One of the goals of urban sustainability is to improve the quality of life; therefore, policy-makers use a
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set of urban quality of life principles to address environmental, physical, mobility, social, psychological,
economic, and political interests [2]. One aspect of the environmental, social, and psychological
urban quality of life goals is the ability to enjoy natural landscapes and green areas, providing public
gathering places to promote good relationships and interactions between people, along with the
opportunity for people to have a place of their own by providing the ability to personalize the space [2].
These aspirations can be provided by community gardens.

As health promoters, community gardens provide many types of health and well-being benefits.
The provision of food security for the community, a therapeutic landscape, and increased social activity
are often discussed as key benefits. Community gardens can also help overcome food desert problems
for mature and inner-suburban neighborhoods [3] by giving participants access to fresh foods [3–6]
and increasing fruit and vegetable consumption [7,8]. Food deserts have been associated with an
increase in obesity [9], which increases the risk of many physical and mental diseases. Community
gardens also enhance social relationships between members by giving a sense of belonging [10] and
improving healthy behaviors [7,11,12]. In addition, community gardens may provide therapeutic
experiences, with volunteers recommending this activity to reduce stress [6,12]. However, although
previous studies have investigated the impact of gardens, orchards, and forests on stress levels [13–15]
and several studies have considered gardening as a physical activity promoter, but not among adults
with mental disabilities.

Working in a community garden brings benefits not only in terms of mental restoration, but
also for physical health. According to the exercise and physical activity guide for health promotion
that was provided by the Ministry of Health, Labor and Welfare of Japan in 2006, gardening can be
considered a moderate to high-intensity non-exercise activity that burns approximately three metabolic
equivalents (METs) or more [16]. Gardening tasks that use both the upper and lower body have
been shown to burn 3–4.5 METs in older adults [17]; therefore, these tasks can meet the physical
activity recommendations from the Centers for Disease Control and Prevention, American College
of Sport Medicine, for moderate-intensity physical activity for older adults (3.8 ± 1.4 METs) [18,19].
Even gardening tasks that only use the upper body burn 1.7–2.9 METs in older adults [17]. Furthermore,
results from the Short-Form 36 health survey (SF-36) showed that gardening can promote hand strength,
pinch force, and overall physical health [19].

The benefits of community gardens have already been proven for people without
disabilities[3–8,10–12]. However, fewer studies have considered those with mental disabilities. In 2014,
there were 3,175,000 patients with mental and behavioral disorders in Japan; 773,000 of whom
were suffering from schizophrenia, schizotypal, and delusional disorders [20]. Males represented
a significantly greater proportion of this group than females [21]. Pharmacological or medicinal
treatments are still the main therapies for schizophrenia [22,23], but some patients still experience
symptoms. Many studies have indicated that psychosocial intervention can reduce psychotic
symptoms [22], and it has been shown that horticultural therapy leads to a greater reduction in
the depression anxiety stress scale (DASS21) in schizophrenia patients than the standard treatment
for schizophrenia [23,24]. However, there is still insufficient evidence for this effect, so it requires
further exploration.

The majority of the general public in Japan keeps a greater social distance from individuals with
mental illness [25]. Schizophrenia is more stigmatized than depression, and the severity of the illness
increases the negative attitude towards it [25]. To overcome this problem, direct social contact with
people with mental illness is needed for both people with and without disabilities [25]. In addition,
to reduce premature mortality and prevent physical health problems, increasing physical activity of
people with schizophrenia is important [26,27]. Overweight and obese adults with schizophrenia
or schizoaffective disorders engaged in unstructured intermittent low physical activity and were
significantly less active [28].

Community gardens represent a promising approach for promoting physical activity. The aim
of this study was to determine psychological and physical effects of stress in adults with and
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without disabilities while performing community garden activities. This evidence can promote
the development of mental and physical intervention for people with mental disabilities.

2. Materials and Methods

2.1. Research Design

This study on community garden activities was conducted at the Center for Field Science Research
and Education (FSC), Ibaraki University, Japan, with support from the College of Agriculture, Ibaraki
University, and Ibaraki Prefectural University of Health Sciences. Community garden activities have
been held since 2014 and still continue.

A case-control quasi-experimental design was used in this study [29,30]. The independent
variables are the various garden activities and the dependent variables are the specific objective
and health outcomes. All subjects volunteered to participate, and the study was approved by the
human research ethics committees of Ibaraki University. Stressors, stress responses, and individual
characteristics (personal resources, behavior patterns, and coping styles) are all important factors that
should be considered when measuring stress [31]. A stressor can be defined as a perceived threat to an
organism, and the response to this perceived threat is called the stress response [32]. Stressors can be
psychological or physical, and the stress response includes sympathetic arousal, which is an increase
in physical factors such as the heart rate, blood pressure, and muscle activity [31]. To determine the
psychological stress response, we conducted a sympathetic arousal test using salivary α-amylase
(sAA) analysis and carried out a self-assessment questionnaire of the psychological state (SRS-18).
To determine the physical stress response, we measured heart rate, respiration rate, and muscle activity.

2.2. Participants

The study participants ranged in age, gender, occupation, and disability status. They included
local volunteers and students from the Ibaraki University College of Agriculture as the control group
and outpatient psychiatric day care patients of Ibaraki Prefectural University of Health Sciences
Hospital as the case group. In this study, the case group suffered from schizophrenia and organic
mental disorders [33] with severity levels from mild to moderate [34]. They have been suffering from
mental disability for 6–29 years. The control group is defined as people without mental disabilities.
For psychological assessment in 2014, the total number of participants for the case and control groups
was 28 people, including males and females. There was a 3:1 ratio for male and female participants.
The case group consisted of 11 adults (mean age, 37 ± 10 years) with mental disabilities and the
control group included 17 adults (mean age, 32 ± 19 years) without disabilities (four volunteers
and 13 students). Participant numbers varied for psychological and physical assessment because
of lower participation in 2016 data, particularly on the control group in community garden activity.
However, some participants in 2014 also participated in the 2016 activity. For physical assessment
in 2016, data of male participants in the 2014 activity was used as the number of male participants
was higher. The total number of participant was 13 males, the case group consisted of six adult males
(mean age, 37 ± 12 years old), while the control group included seven adult males without disabilities
(mean age, 29 ± 10 years old). All participants were right-handed.

2.3. Psychological Assessment

2.3.1. Procedure

Garden activities were conducted every Wednesday from 10 a.m. to 12 p.m. Each individual
played a role in establishing the garden, and they grew vegetables and maintained some fruit orchards
and greenhouses at FSC. The participant engaged in this activity for seven months (May–December
2014). The participants were required to take part in community garden activities including crop
cultivation, seedling preparation, transplanting, planting, weeding, inter-tillage, top-dressing, pillar
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standing, pest control, harvesting, and cleaning up. These activities were carried out throughout
the year depending on weather conditions. The average temperature throughout the study period
was 22.3 ◦C (minimum, 3.6 ◦C on 24 December; maximum, 33.2 ◦C on 20 August). Psychological
assessment procedure is described in Figure 1. Salivary amylase test and SRS-18 evaluation were
performed six times (28 May, 11 June, 9 July, 6 August, 3 September, and 1 October) from May to
October 2014. There was a procedure explanation before activity. First, the participant answered the
SRS-18 questionnaire and then took a salivary test before the activity. After the activity, the participant
took the salivary test and then answered the SRS-18 questionnaire.

Sustainability 2017, 9, 63  4 of 16 

evaluation were performed six times (28 May, 11 June, 9 July, 6 August, 3 September, and 1 October) 
from May to October 2014. There was a procedure explanation before activity. First, the participant 
answered the SRS-18 questionnaire and then took a salivary test before the activity. After the activity, 
the participant took the salivary test and then answered the SRS-18 questionnaire. 

 

Figure 1. Psychological and physical assessment procedure. 

2.3.2. Constructs and Measures  

A portable salivary amylase monitor (Nipro Co. Ltd., Osaka, Japan) was used to analyze α-
amylase (sAA) levels in the saliva before and after each activity. This equipment can automatically 
measure sAA with high accuracy within 1 min [35–37] via placement of a test strip beneath the 
tonguefor 30 s. 

The self-assessment questionnaire of psychological state (SRS-18) developed by Suzuki et al., 
1997 [38] was conducted to observe the emotional and behavioral status of each participant before 
and after the activity. This questionnaire has been used in previous studies to investigate the stress 
management behavior of Japanese university students [39], and to examine cultural differences in 
interpersonal stress experiences in students from Japan and the United States [40]. This questionnaire 
consists of 18 questions, for each of which the participants are asked to score their level of agreement 
with particular statements. These are then used to obtain depression-anxiety, irritability-anger, 
helplessness, and total scores. 

Figure 1. Psychological and physical assessment procedure.

2.3.2. Constructs and Measures

A portable salivary amylase monitor (Nipro Co. Ltd., Osaka, Japan) was used to analyze
α-amylase (sAA) levels in the saliva before and after each activity. This equipment can automatically
measure sAA with high accuracy within 1 min [35–37] via placement of a test strip beneath the
tonguefor 30 s.

The self-assessment questionnaire of psychological state (SRS-18) developed by Suzuki et al.,
1997 [38] was conducted to observe the emotional and behavioral status of each participant before
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and after the activity. This questionnaire has been used in previous studies to investigate the stress
management behavior of Japanese university students [39], and to examine cultural differences in
interpersonal stress experiences in students from Japan and the United States [40]. This questionnaire
consists of 18 questions, for each of which the participants are asked to score their level of agreement
with particular statements. These are then used to obtain depression-anxiety, irritability-anger,
helplessness, and total scores.

2.3.3. Data Analysis

We compared with each result of sAA and SRS-18 in participants before and after community
garden activities. One-way analysis of variance (ANOVA) was performed using SPSS 16.0 (SPSS Inc.,
Chicago, IL, USA). The Bonferroni correction was applied for monthly sampling data by dividing
p-value (p = 0.05) by the number of sampling times (six times) to avoid a type-I error. p < 0.008 was
considered to be statistically significant.

2.4. Physical Assessment

2.4.1. Procedure

Electrocardiogram (ECG), surface electromyogram (sEMG), and respiration rate measurements
were monitored and recorded simultaneously and continuously while performing the gardening
activities using a multi-channel telemetry system (WEB-7000®; Nihon Kohden, Tokyo, Japan; Figure 2).
This unit includes four telemetry pickers (transmitters); one for muscle (sEMG); one ECG; one breathing
wave; and one motion transmitter. The telemetry pickers were 25 mm wide, 34.5 mm high, and 12 mm
deep, and weighed 10 g. They transmitted the signal to a bio-repeater (ZB-700H) mounted on the
waist. The receiver (ZR-700H) received a waveform of the data from the bio-repeater, which was
directly measured, monitored, and recorded by the QP-700H® software (Nihon Kohden, Tokyo, Japan),
which was derived from spectral analysis and has previously been used to address questions related to
fatigue [41]. This measurement system is completely cordless, allowing the participants to perform the
tasks in a more natural and comfortable way, and preventing any noise from occurring due to shaking
of the cord. The transmitters were attached to the body surface around the chest area (ECG), on specific
muscles (sEMG), and in the nostril area (breathing transmitter). The motion transmitter was attached
to the surface of the bio-repeater, which was mounted on the waist. The transmitters were attached
using double-sided tape to obtain stable data without the need for skin pretreatment, which is usually
required when using an active electrode system. Four specific muscles that have a dominant role in
upper limb motion were analyzed in this study. The upper trapezius muscles on each side, which were
shown to have higher activity in a previous horticultural activity motion study [42], and the deltoid
muscles on each side were analyzed to provide an understanding of how the musculoskeletal loads
were distributed [30].

Figure 1 describes physical assessment procedure. Participant age, height, and weight were
obtained from the medical history and lifestyle management questionnaire which includes general
health, medical history, and lifestyle (smoking, alcohol consumption, sleep duration, exercise rate,
and horticulture activity) information. After reading the activity procedure, each participant began
with a 5-min rest to obtain resting heart rate and breathing rate. The rest period occurred while sitting
in a chair. Then, the gardening activity (Table 1) was performed for 4 min. The participant performed
the 4-min work task naturally without any intervention. There was a 2-min rest period between each
activity and a final rest period of 2 min. The 5-min initial rest period and 2-min rest between activities
were found to be sufficient for the heart rate and muscles to return to their resting values. In total,
participants performed six frequent gardening activities. These were separated into three groups of
activities, each of which was performed on a different visit during February–May 2016: during the
first visit, they performed the walking and filling pots with soil activities. During the second visit, they
sowed soybean (Glycine max) seeds and komatsuna (Brassica rapa var. perviridis; also known as Japanese
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mustard spinach) seeds; and during the third visit, they performed the digging and turning over the
soil activities. These measurements are not replicated. The first and second groups of activities were
performed inside a building at a room temperature of 25 ◦C, while the third was performed outside
the building at a mean temperature of 22 ◦C.

Sustainability 2017, 9, 63  5 of 16 

2.3.3. Data Analysis 

We compared with each result of sAA and SRS-18 in participants before and after community 
garden activities. One-way analysis of variance (ANOVA) was performed using SPSS 16.0 (SPSS Inc., 
Chicago, IL, USA). The Bonferroni correction was applied for monthly sampling data by dividing p-
value (p = 0.05) by the number of sampling times (six times) to avoid a type-I error. p < 0.008 was 
considered to be statistically significant. 

2.4. Physical Assessment 

2.4.1. Procedure 

Electrocardiogram (ECG), surface electromyogram (sEMG), and respiration rate measurements 
were monitored and recorded simultaneously and continuously while performing the gardening 
activities using a multi-channel telemetry system (WEB-7000®; Nihon Kohden, Tokyo, Japan; Figure 
2). This unit includes four telemetry pickers (transmitters); one for muscle (sEMG); one ECG; one 
breathing wave; and one motion transmitter. The telemetry pickers were 25 mm wide, 34.5 mm high, 
and 12 mm deep, and weighed 10 g. They transmitted the signal to a bio-repeater (ZB-700H) mounted 
on the waist. The receiver (ZR-700H) received a waveform of the data from the bio-repeater, which 
was directly measured, monitored, and recorded by the QP-700H® software (Nihon Kohden, Tokyo, 
Japan), which was derived from spectral analysis and has previously been used to address questions 
related to fatigue [41]. This measurement system is completely cordless, allowing the participants to 
perform the tasks in a more natural and comfortable way, and preventing any noise from occurring 
due to shaking of the cord. The transmitters were attached to the body surface around the chest area 
(ECG), on specific muscles (sEMG), and in the nostril area (breathing transmitter). The motion 
transmitter was attached to the surface of the bio-repeater, which was mounted on the waist. The 
transmitters were attached using double-sided tape to obtain stable data without the need for skin 
pretreatment, which is usually required when using an active electrode system. Four specific muscles 
that have a dominant role in upper limb motion were analyzed in this study. The upper trapezius 
muscles on each side, which were shown to have higher activity in a previous horticultural activity 
motion study [42], and the deltoid muscles on each side were analyzed to provide an understanding 
of how the musculoskeletal loads were distributed [30]. 

 
Figure 2. Multi-channel telemetry system and placement of each telemetry electrode. 

Figure 1 describes physical assessment procedure. Participant age, height, and weight were 
obtained from the medical history and lifestyle management questionnaire which includes general 
health, medical history, and lifestyle (smoking, alcohol consumption, sleep duration, exercise rate, 
and horticulture activity) information. After reading the activity procedure, each participant began 
with a 5-min rest to obtain resting heart rate and breathing rate. The rest period occurred while sitting 
in a chair. Then, the gardening activity (Table 1) was performed for 4 min. The participant performed 
the 4-min work task naturally without any intervention. There was a 2-min rest period between each 

Figure 2. Multi-channel telemetry system and placement of each telemetry electrode.

Table 1. Description of the gardening activities performed in this study.

No. Gardening Activity Description

1 Walking Walking while carrying a load (1 kg) in the right hand.

2 Filling pots with soil Placing soil into pots (upper diameter: 10 cm; bottom diameter: 7 cm;
height: 15 cm) using a trowel (squatting position).

3 Sowing big seed Sowing soybean (glycine max) seeds in a 128-hole tray (3 cm × 3 cm)
filled with soil by hand (standing position).

4 Sowing small seed Sowing komatsuna (Brassica rapa var. perviridis) seeds in a 128-hole tray
(3 cm × 3 cm) filled with soil by tweezers (standing position).

5 Digging soil Digging soil using a shovel with both hands.

6 Turning over soil Turning over soil with a shovel after digging with both hands.

2.4.2. Data Analysis

All of the signal data were sampled at a frequency of 1 kHz, and filtered with a pass band range of
15–500 Hz (sEMG data) [43], 30 Hz (ECG data), and 10 Hz (breathing data) by the QP-700H® software
(Nihon Kohden, Tokyo, Japan). ECG data were analyzed using a self-developed program, Enthought
Canopy 1.5.5 (Enthought, Inc., Austin, TX, USA) to determine the R-R interval. The increase in the
ratio of the heart rate (IRHR) was used to compare the heart at rest and during the activities [44,45].
To analyze breathing rate, the breathing wave pattern that occurred while performing the activities was
calculated. Previous studies have used the median frequency to analyze sEMG data [30,46]. Therefore,
in this study, we used the QP-700H® software (Nihon Kohden, Tokyo, Japan) for median frequency
analysis. To compare the physical parameters of the case group to the control group participants
before and after the activities, one-way analysis of variance (ANOVA) was performed using SPSS 16.0
(SPSS Inc., Chicago, IL, USA). p < 0.05 was considered to be statistically significant.

3. Results

3.1. Psychological Assessment

The sAA values for the case group and control group before and after the community garden
activities are shown in Figure 3. There was no significant difference in the sAA values before and after
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the activities for case group (p < 0.8) and control group (p < 0.2). Before the activities, the control group
exhibited a lower sAA value than the case group (71.2 vs. 85.0 kIU/L), whereas alternating results
were found among each group after the activities. Furthermore, while the sAA value of the control
group increased after the activities, that of the case group decreased.Sustainability 2017, 9, 63  7 of 16 
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Figure 4 compares the SRS-18 results before and after the activities for each group. For the case
group, there was no significant difference in the helplessness before and after the activities, whereas
these were significantly different for the control group, with significantly lower scores being obtained
after the activities. There was no significant difference in the depression-anxiety and irritability-anger
scores for each group before and after the activities, but this also decreased slightly following the
activities. The total SRS-18 score, which combined the depression-anxiety, irritability-anger, and
helplessness scores, was significantly lower after the activities in the control group. The total score for
the case group also exhibited a slight decrease following the activities, but this was not significant.
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3.2. Physical Assessment

There were no significant differences between the case group and control group in any of the
baseline parameters, including age, height, body weight, body mass index (BMI), resting heart rate, and
breathing rate (Table 2). Based on BMI, participants in both groups were not considered as obese [47].

Table 2. Descriptive characteristic of the subjects.

Variable *
Case Group (n = 6) Control Group (n = 7)

Mean SD Mean SD

Age (years) 37 14.2 29 10.3
Height (cm) 165.7 5.3 169.0 6.3

Body weight (kg) 67.3 10.2 71.3 9.9
Body mass index (kg·m−2) 24.6 4.2 25.0 3.3

Resting heart rate (beats/min) 75 9.7 72 14.7
Resting breathing rate (breaths/min) 16 1.7 16 1.6
Age-adjusted HR max (beats/min) 183 14.2 190 10.3

* There were no significant differences between the case and control groups for any of these parameters
(ANOVA, p > 0.05); body mass index (BMI) = weight (kg)/(height (m))2; age-adjusted maximum heart rate
(HRmax) = 220−age (years).

Table 3 displays the achieved results after participants performed each of the six community
garden activities (4 min work/activity). During the activity, sEMG, ECG, and breathing rate were
simultaneously measured. There was no significant differences in the walking rate between groups,
which included moderate-intensity walking [48], or in the rate of sowing komatsuna seeds (p > 0.05).
There were, however, significant differences between the groups in the rate of filling pots with soil
(p < 0.001), sowing soybean seeds (p < 0.001), digging (p < 0.01), and turning over the soil (p < 0.01),
with the control group having significantly higher activity achievement rates than the case group.

Table 3. Activity achievements of the case group (n = 6) and control group (n = 7) in completing
community garden activities.

Activity Achievement
Case Group (n = 6) Control Group (n = 7)

Mean SD Mean SD

Walking (steps/min) 94 16.4 122 30.4
Filling pots with soil (pots/min) ** 3 0.6 5 0.5

Sowing soybean seeds (seeds/min) ** 20 2.9 29 1.2
Sowing komatsuna seeds (seeds/min) 13 2.4 16 0.6

Shoveling (m/min) * 3.9 1 6.1 1.2
Turning soil (m/min) * 2.3 0.5 3.9 1.3

* p < 0.05; ** p < 0.01 (one-way ANOVA).

3.2.1. Increase in the Ratio of the Heart Rate (IRHR)

There was an increase in heart rate during all activities compared with the rest condition, with the
largest increases being observed during the turning over the soil activity and the smallest occurring
during the filling pots with soil activity. There were significant differences in IRHR between the control
and case groups for all activities except walking (Figure 5). With respect to low-intensity activities,
the IRHR of the case group was 5.5% lower during filling pots with soil, 2.9% lower during sowing
komatsuna seeds, and 2.71% lower during sowing soybean seeds, compared with the control group.
However, during high-intensity activities, the IRHR of the case group was significantly higher than
that of the control group, increasing by 5.3% during digging and 16.7% during turning over the soil.
Across all six activities, the highest IRHR occurred during turning over the soil, followed by digging,
while the lowest occurred during filling pots with soil.
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3.2.2. Correlation between the Increase in the Ratio of the Heart Rate (IRHR) and the Increase in the
Ratio of the Breathing Rate (IRBR)

There was a significant correlation between the IRHR and IRBR during community garden activities
for both groups (p < 0.05; Figure 6). The IRBR of the control group was consistently higher than that of
the case group. High-intensity activities such as digging and turning over the soil led to higher values
of both IRBR and IRHR compared with low-intensity activities, such as filling pots with soil, sowing
seeds, and walking.
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3.2.3. Muscle Activity

Figure 7 shows that persistent discharge patterns corresponding with little motion occurred while
sowing seeds and filling pots with soil, whereas periodic discharge patterns corresponding with
motion occurred while walking, digging, and turning soil.
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According to Figure 8, there were no significant differences between groups in the median
frequency of the muscles during each activity. However, the case group experienced significantly
higher levels of fatigue than the rest condition when performing high-intensity activities, such as
digging and turning over the soil, whereas the control group exhibited significantly higher levels of
fatigue compared with the rest condition during all activities except sowing seeds. There were no
significant differences between the right- and left-hand sides in any of the activities, but the right
muscles did tend to become more fatigued than the left. The one exception to this was for filling pots
with soil, where the left upper trapezius muscle became more fatigued than the right muscle.
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4. Discussion

4.1. Psychological Assessment

Stress triggers the autonomic nervous system (ANS) to stimulate the sympathetic adrenal
medullary (SAM) axis and hypothalamic pituitary adrenal axis (HPA) [49]. The HPA releases cortisol as
a long-term reaction to stress [50,51], whereas the SAM releases α-amylase [49] as a short-term reaction
to the types of stressors experienced in experimental situations [52]. Saliva sampling is a noninvasive,
easy, and stress-free procedure [53], so levels of salivary cortisol have previously been used to assess
endocrine activity [54,55]. However, since α-amylase responds more quickly and sensitively to
psychological stress than cortisol [56], it has been widely used to quantify this [35,53,56–61].

Previous studies have indicated that the sAA levels of people who developed post-traumatic
stress disorder (PTSD) following the East Japan earthquake decreased after taking care of plants
(15 min/day) [55] and increased following exercise [62]. Similarly, in our current study, we found that
the case group had reduced sAA levels after carrying out community garden activities despite no
significant differences. Furthermore, the total SRS-18 scores also indicated that the community garden
acted as a stress reducer for the case and control group. However, the control group experienced
increased sAA levels, although there was no significant differences following the community garden
activities. Yamaguchi et al. found that sAA increased with increasing levels of mental and physical
fatigue [53], due to mental and physical stimuli activating the sympathetic nervous system [63–65].

4.2. Physical Assessment

All six of the community garden activities resulted in increased heart rates in adults with and
without mental disabilities, supporting previous findings for gardening activities in adults and older
adults [17–19]. Among these six activities, turning over the soil involved the most physical work,
followed by digging, while filling pots with soil was the least strenuous. In terms of metabolic
cost, Park et al. [17,66] explained that digging was a high- to moderate-intensity physical activity
(6.6 ± 1.6 METs), while sowing seeds and filling pots with soil were low-intensity physical activities
(1.7–2.9 METs) in children, adults, and older adults. Turning over the soil, digging, and sowing seeds
were performed in a standing position, while filling pots with soil was carried out in a squatting
position. Thus, body position affects heart rate [67], with a significant increase occurring when the
posture changes from horizontal to vertical, as the highest rate occurred while standing (p < 0.001) [68].

The breathing rate and muscle activity also increased after the activities, as indicated by the
respiration and EMG results. The breathing rate was significantly higher in both groups during
digging and turning over the soil, which was similar to the observed IRHR result. The higher the
breathing rate, the smaller the R-R interval and systolic blood pressure (SBP) [69], i.e., increases in the
breathing rate are associated with an increase in heart rate. An intense periodic discharge pattern that
was associated with higher levels of muscle activity was observed during high-intensity activities such
as digging and turning over the soil, whereas a persistent discharge pattern that corresponded with
lower muscle activity was observed during low-intensity activities such as sowing seeds and filling
pots with soil. Low-frequency fatigue is characterized by a relative loss of force at low frequencies of
stimulation and a slow recovery over the course of hours or days [70]. In the power density spectrum
of the EMG (spectral analysis), the energy content is expressed as a function of frequency. Thus,
the lower the median frequency value, the higher the level of fatigue. The lowest median frequency
was observed during digging and turning soil, while the highest was observed while sowing seeds.
During sustained contraction, the median frequency decreases more quickly in the non-dominant hand
of right-handed individuals [71]. However, here, there was no significant difference in fatigue levels
of the dominant (right arm) and non-dominant (left arm) muscles, indicating that both arms have
an equal musculoskeletal load during community garden activities. Thus, these activities encourage
muscle activity in both arms.
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Walking is the most frequently reported physical activity among adults and meets the
recommendations for regular physical activity [72]. It was also included in the list of recommended
moderate-intensity physical activities produced by the Ministry of Health, Labor and Welfare of
Japan [16]. However, based on the physical assessment in this study, the activities that are performed
in a community garden can also provide a range of low- to high-intensity physical activities. Thus,
community gardens provide the full range of physical activities compared with walking.

4.3. Comparison among Case and Control Groups through Community Garden Activities

The performance of the case group in filling pots with soil, sowing soybean seeds, shoveling, and
turning over the soil differed from that of the control group in terms of the amount of work achieved.
This difference was also reflected in the IRHR of the case and control groups, and was affected by
the physical workload and levels of mental stress [44,45]. The findings showed that the case group
experienced a significantly higher physical workload than the control group during high-intensity
activities, such as digging and turning over the soil, but had a lower physical workload during
low-intensity activities, such as filling pots with soil and sowing seeds. Previous studies showed that
people with mental disabilities, such as schizophrenia, have lower physical activity levels than people
without disabilities [26,73,74], and this was reflected in the findings of our current study. Although no
significant difference was observed, the control group experienced increased sAA levels, while the
case group experienced decreased levels. Similar findings were observed by Koibuchi and Suzuki
that exercise up-regulates salivary amylase levels. In this case, community garden activities act as an
exercise for the control group. Furthermore, although there were no significant differences between
the two groups, the case group had significantly higher levels of fatigue than the rest condition after
digging and turning the soil, while the control group had significantly higher levels of fatigue following
nearly all of the activities in all of the muscles measured.

4.4. Implications for Task Allocation in Community Gardens

Community gardens have the potential to help people with and without mental disabilities to
work collaboratively, enabling people without disabilities to gain a better understanding of those
with disabilities and reduce the negative stigma attached to their conditions. In addition, they allow
people with mental disabilities to increase their self-esteem and promote physical activity. In terms of
physical health, the types of physical activity that can be provided by community gardens can prevent
health problems, such as overweight and obesity [28] for people with mental disabilities. However,
appropriate task allocation is important to reduce physical stress and prevent overload or unbalanced
work in each group.

To improve the task allocation in community gardens, workload should be assigned according to
the health characteristics of the participant. Specifically, high-intensity activities may create additional
stress for people with mental disabilities. Based on 2008 Physical Activity Guidelines for America,
adults with disabilities should be concerned about the amounts and types of physical activity they
obtain and they should adapt their physical activity program to match their abilities [75]. Despite
the study’s sample sizes are small, the findings of the present study suggest that a reduction in
high-intensity work assignments may have larger effects on reducing physical stress in people with
mental disabilities than in those without (Figure 9). This result will help us to better manage community
garden tasks to facilitate collaboration between those with and without mental disabilities.
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This study showed that people with mental disabilities tended to experience higher levels of
physical stress following community garden activities compared with those without mental disabilities.
However, although the IRHR of this group was significantly higher during high-intensity work,
it was significantly lower during low-intensity activities. Thus, appropriate workload assignment
with a reduction in high-intensity activities is crucial to decreasing the physical stress of people with
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