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Exploring the effect of different 
typical plant community on human 
stress reduction: a field experiment
Wenfei Yao 1*, Qingzi Luo 1, Xiaofeng Zhang 2, Chen Zhuo 1 & Longfei Mi 3*

Research has demonstrated the positive effect of natural environment on human restoration and 
well-being. Time spent in nature can often alleviate both physiological and psychological stress. 
However, few studies have discussed the environmental health effects of the nature’s components and 
characteristics. Sixty volunteers were recruited and one manufactured environment and five different 
natural environments were randomly assigned to them, including coniferous forests (pure coniferous 
forest-PC and mixed coniferous forest-MC), broad-leaved forests (pure broad-leaved forest-PB and 
mixed broad-leaved forest-MB), and mixed forest (mixed coniferous and broad-leaved forest-MCB). 
Each volunteer sat in a built or natural environment and looked around the environment for 15 min. 
Physiological (HR, HRV, BP, pulse rate and salivary cortisol) and psychological indicators (POMS and 
STAI) were used to evaluate the changes in their stress level. Results indicated a strong difference in 
HR, HRV, POMS and STAI between the built and natural environment, which showed that natural 
environment can lower the stress level. MC had the best effect on relieving physiological stress, 
whereas MCB is most successful in improving emotional state and reducing anxiety. Broad-leaved 
forest and mixed forest significantly affected the DBP and vigor level of the subjects, respectively. 
While coniferous forest did significantly increase the concentration of salivary cortisol in subjects. 
The study confirmed that compared to the built environment, the natural environment can relieve 
the human body’s physical and psychological stress and negative emotions, while significantly 
increasing vitality. And different plant communities also have different effects on the physiological and 
psychological indicators of the subjects. These results will provide scientific basis for the construction 
and improvement of urban green space environment.
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Since the beginning of the twenty-first century, there has been an increasing trend of global urbanization. At 
present, more than half of the world’s population lives in cities, making urbanization one of the main health-
related issues we are currently facing and will continue to face in the future1,2. Vlahov and Galea3 mentioned that 
city health had frequently mirrored the movement and growth of the population shaping the urban landscape. 
The increasingly close relationship between human well-being and ecosystem health links urban development 
to population health4. However, people living in cities tend to have higher probability of mental illness, which 
aggravates people’s concern about health problems5. The stress caused by urbanization has become a public health 
problem, which seriously affects the healthy development of individuals, groups and societies.

Natural environment is increasingly regarded as vital to both physical and mental health and subjective 
well-being and there may be a positive correlation between natural exposure and cognitive and behavioral 
development6,7. The widely recognized attention recovery theory (ART) and stress recovery theory (SRT) explain 
the natural environment’s effect on human health and they support the view that natural environment has become 
an important barrier between healthy and unhealthy lifestyles of human beings8. Contact with urban green space 
can help the psychological and physiological states of the human body, as well as reduce stress and attention 
fatigue9. Previous research has shown that short-term exposure to nature is associated with a more positive men-
tal and physical state10–12. Exposure to the nature plays a positive role in promoting human health and well-being, 
as evidenced by the effective relief of various physical diseases13–15, the improvement of emotional state16,17, and 
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the promotion of a healthy and active lifestyle etc.18,19. At the moment, the majority of studies compare people’s 
health before and after exposure to greenery. Such experimental studies have been repeated with various par-
ticipant characteristics (age, health state, sex, etc.)20–23, different intervention times (ranging from minutes to 
months)24,25 and different environment types (forest, urban park, blue space, even virtual green space, etc.)13,26–28. 
This fully demonstrates the universality and equity of the impact of the natural environment on human health, 
which plays an important role in guiding social equity and enhancing the resilience of individuals and societies.

Hoyle et al.29 proposed that there was a complex relationship between the effects of people’s perception of aes-
thetics, recovery and well-being and environmental biodiversity, all of which were related to the optimization and 
management of urban green spaces. Some previous research has focused on the variations of levels of health in 
humans caused by different natural environments. Chiang et al.30 investigated the effects of different geographical 
locations and the vegetation density on human health. The findings revealed that different landscapes had distinc-
tive effects on stress, attention restoration, and positive emotions, etc. An experiment conducted in forests with 
different tree species confirmed that there are some health differences caused by varying natural environments30. 
Furthermore, the same differences were also noticed in the experiments carried out near diverse roadside tree 
species31. These variations were attributed to the change of the physical environment caused by natural environ-
ment properties. In addition, the level of greenery and the degree of human intervention both have different 
impacts on human health31,32. Takayama32, for example, concluded that managed forests were more beneficial 
to the emotional well-being than wild forests. A study by Liu showed that spatial naturalness and composition 
factors greatly affect the restorative quality of the environment33. In addition, some indoor experiments involved 
the multi-sensory effects of human body, such as sounds34, smells35 or the combination of the two36. These results 
support the conclusion that people have different responses to different natural environments, and also promote 
the integration of urban development, green space equity, and human exposure37.

However, the majority of existing outdoor studies have been carried out in urban forests or parks, and there 
has been little research on smaller-scale plant communities. Plant communities, as fundamental components 
of urban green spaces, play an important role in landscape architecture, particularly in the creation of urban 
microclimates. Therefore, studying the differences in the influence of different plant communities on human 
healthy has become an important strategy for creating a healthy living environment. In this study, five different 
natural environments were selected, including coniferous forests (n = 2), broad-leaved forests (n = 2), and mixed 
forest (n = 1). Because the complex psycho-physiological pathways of stress make single marker measurements 
impossible, a subjective psychological scale and multiple physiological indicators related to physiological stress 
response were used to record changes in stress levels. Based on the information provided above, we assumed that 
people exposed to the natural environment will experience less stress than those exposed to the built environ-
ment, and that different plant community spaces will have diverse effects on human stress indicators. Therefore, 
the aim of the study was to determine whether the natural environment has a positive effect on human stress 
reduction and to explore whether this positive effect varies by plant community type.

Materials and methods
Experimental sites
This research was conducted in the Badaguan Scenic Area, located in Qingdao, Shangdong Province. It covers 
an area of approximately 70 hectares and is a well-known scenic health resort in China. The location was chosen 
for its lush vegetation and excellent natural conditions. To determine the impact of different plant communities 
on stress levels, five 20 × 20 m (400 m2) plots of plant communities were selected in different plant composition 
and spatial structure for research, including coniferous forests (pure coniferous forest-PC and mixed coniferous 
forest-MC), broad-leaved forests (pure broad-leaved forest-PB and mixed broad-leaved forest-MB), and mixed 
forest (mixed coniferous and broad-leaved forest-MCB) (Fig. 1). A gymnasium near the Badaguan Scenic Area 
was chosen as a built environment (BE). The built environment is devoid of greenery and is surrounded by 
buildings, football pitches and tennis courts.

Environments data
The climate of Qingdao is very suitable, with an average yearly temperature of 12.7 °C. This research was con-
ducted from May to June of 2021. The environmental characteristics of plant communities were collected in 
September and October 2021. The climate in these two periods was similar. The values were measured every day 
from 8:00 to 18:00 and the hourly average was used to indicate each day’s variations. The average of all the data 
is used to describe the environmental characteristics of each plot.

As shown in Table 1, the temperature of natural environment was lower than that of the built environ-
ment, whereas the relative humidity was higher, confirming the cooling and humidification properties of the 
natural environment. MCB had the lowest temperature (26.39 ± 0.66 °C), while MB had the highest relative 
humidity (74.68 ± 3.30). There was no significant difference in particulate matter concentration (PM2.5, PM10) 
between the environments. The plant community with the lowest particulate matter concentration was MB 
(PM2.5: 31.54 ± 1.75 μg/m3; PM10: 34.88 ± 2.95 μg/m3), while the highest was MC (PM2.5: 84.71 ± 11.97 μg/m3; 
PM10: 63.33 ± 6.10 μg/m3).

Participants
Through poster posting and offline promotion, 60 undergraduate and graduate students aged 18 to 25 were 
recruited (Table 2). All of the subjects were healthy and had no previous history of cardiovascular, salivary or 
psychiatric disorders. All the participants volunteered to take part in the experiment and they would spend 
time in every plant community and the built environment. In the end, a total of 59 subjects participated in the 
experiment (Mean ± SD: 21.17 ± 2.19; Male = 18; Female = 41). Mean height and weight were 167.07 ± 7.43 cm 
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Figure 1.   Experimental sites.

Table 1.   Details of experiment sites. PC pure coniferous forest, MC mixed coniferous forest, PB pure broad-
leaved forest, MB mixed broad-leaved forest, MCB mixed coniferous and broad-leaved forest, BE built 
environment.

Items

Coniferous forest Broad-leaved forest Mixed forest Control group

PC MC PB MB MCB BE

Chief species Metasequoia glyptos-
troboides

Juniperus formosana; 
Pinus bungeana; Pinus 
armandii; Cedrus 
deodara;

Eucommia ulmoides

Paulownia fortune; 
Quercus dentata; Ptero-
carya stenoptera; Photinia 
serrulata; Forsythia 
suspensa;

Cedrus deodara; Metase-
quoia glyptostroboides; 
Robinia pseudoacacia; 
Prunus cerasifera;

–

Temperature (°C) 
(mean ± SD) 26.53 ± 1.05 27.36 ± 1.01 27.33 ± 1.19 27.50 ± 0.76 26.39 ± 0.66 29.03 ± 1.30

Humidity (%) 
(mean ± SD) 67.64 ± 5.59 70.60 ± 3.22 69.47 ± 3.29 74.68 ± 3.30 69.98 ± 3.35 54.84 ± 6.93

PM2.5 (μg/m3) 
(mean ± SD) 52.75 ± 20.08 84.71 ± 11.97 54.25 ± 7.72 31.54 ± 1.75 41.00 ± 4.10 33.76 ± 8.12

PM10 (μg/m3) (mean ± SD) 61.43 ± 19.58 89.94 ± 12.44 63.33 ± 6.10 34.88 ± 2.95 49.59 ± 6.63 39.42 ± 10.66

Table 2.   Participant Details (N = 59). BMI body mass index, STAI state-trait anxiety scale. The value of 95% 
confidence interval (95% CIs) follows the mean and standard deviation closely.

Items PC MC PB MB MCB BE Total

Number 10 10 10 10 9 10 59

Age (years) 21.00 ± 1.81 (19.63, 
22.37)

22.29 ± 2.00 (20.78, 
23.80)

19.98 ± 1.08 (19.17, 
20.79)

20.61 ± 1.90 (19.18, 
22.04)

21.17 ± 2.47 (19.16, 
23.18)

21.99 ± 2.68 (19.97, 
24.01)

21.17 ± 2.19 (20.60, 
21.75)

Sex Male = 2; Female = 8; Male = 3; Female = 7; Male = 3; Female = 7; Male = 3; Female = 7; Male = 2; Female = 7; Male = 5; Female = 5 Male = 18; 
Female = 41;

Height (cm) 168.90 ± 7.56 (163.20, 
174.60)

165.60 ± 6.51 (160.69, 
170.51)

165.90 ± 4.41 (162.57, 
169.23)

171.80 ± 8.47 (165.41, 
178.19)

164.00 ± 8.35 (157.19, 
170.81)

165.90 ± 5.75 (161.56, 
170.24)

167.07 ± 7.43 (165.11, 
169.02)

Weight (kg) 59.40 ± 6.53 (54.48, 
64.32)

57.00 ± 10.03 (49.44, 
64.56)

59.70 ± 7.83 (53.79, 
65.61)

59.50 ± 11.53 (50.81, 
68.19)

55.00 ± 8.59 (47.98, 
62.00)

59.80 ± 5.13 (55.93, 
63.67)

58.64 ± 8.72 (56.17, 
60.75)

BMI (kg/m2) 20.84 ± 2.13 (19.24, 
22.45)

20.68 ± 2.79 (18.58, 
22.78)

21.68 ± 2.70 (19.64, 
23.72)

19.98 ± 1.88 (18.56, 
21.40)

20.36 ± 2.03 (18.70, 
22.02)

21.73 ± 1.52 (20.58, 
22.87)

20.89 ± 2.32 (20.28, 
21.50)
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and 58.64 ± 8.72 kg. The body mass index (BMI) was 20.89 ± 2.32 kg/m2. There was no statistically significant 
difference in baseline data between the groups. The study was conducted in compliance with the WMA Decla-
ration of Helsinki and was performed with the approval of the local Ethics Committee of Qingdao University 
of Technology, China. All the participants were informed about the research’s purpose, process and signed an 
informed consent form before the experiment.

Physiological measurement
Blood pressure and pulse rate
A digital blood pressure monitor (HEM-8713, Omron, China) was used to measure and record blood pressure 
(systolic and diastolic blood pressure, SBP and DBP) and pulse rate. The measurement was taken on the upper 
arm of the subject’s non-dominant arm. Both measurements were taken in the same manner before and after the 
experiment while the subject was sitting. SBP, DBP and pulse rate were directly recorded both before and after 
experiment, such as SBP = 132 bpm before the experiment and SBP = 125 bpm after the experiment.

HR and HRV
Heart rate (HR) and heart rate variability (HRV) were measured via a Polar heart rate chest belt (Polar H10) 
and a wristwatch (Polar Unite). This is a wearable biofeedback sensor, which has been widely used in similar 
experiments38,39. The heart rate sensor was placed on the belt around the chest, close to the chest cavity. Addi-
tionally, the subjects wore a wristwatch on their left hand. The heart rate belt used the micro-voltage signals 
(ECG) generated by the heartbeat to directly amplify and process the subjects’ heart rate value. Furthermore, 
the heart rate belt and wristwatch also recorded RR intervals data which was used for HRV analysis. The cubic 
spline interpolation method was used for artifact correction and trend removal of RR intervals40. The corrected 
RR intervals were logged into the Kubios HRV Standard 3.5.0, which was more suitable for HRV analysis in 
large animals or humans41.

Both time and frequency domains of HRV were calculated according to the RR intervals. The HF and LF/
HF ratio in the frequency domain were used to represent the status of the subjects’ autonomic neural activity. 
Among them, HF serves as the indicator of parasympathetic nerve activity, increasing in a relaxed state. The LF/
HF ratio reflects the relative activity of both sympathetic and parasympathetic nerves42,43. A higher HF value and 
a lower LF/HF ratio represent a more relaxed state. To normalize the HRV parameters in the analysis, natural 
logarithmic transformed values were used44.

Salivary cortisol
Salivary cortisol is a reliable and valid parameter of human stress response45,46. Salivary cortisol samples were 
collected in a salivette (No. 51.1534.500; Sarstedt, Numbrecht, Germany), ensuring a safe and non-invasive col-
lection process. Saliva samples were collected both before and after the experiment to compare the responses 
to the environmental stimuli (for example pre = 1.88 ug/L and pos = 1.75 ug/L). The collected saliva samples 
were immediately frozen and sent to a laboratory (Qingdao, China) for Enzyme-Linked ImmunoSorbent Assay 
(ELISA) determination.

Psychological measurement
POMS
Profile of mood states (POMS) is a reliable measure of momentary mood state, which has been previously used to 
evaluate the effect the natural environment has on the emotions31,47,48. This study adopted a short form of POMS 
with 30 items as a means of evaluation of the subjects’ emotional state13. This short scale retained the six dimen-
sions of human emotion evaluation: tension-anxiety (T-A), depression (D), anger-hostility (A-H), vigor (V), 
fatigue (F) and confusion (C). Each question was rated on a five-point Likert scale from 0 (almost none) to 4 (very 
much), while each subscale had a definite score. The value named “Total Mood Disturbance (TMD)” was used 
to describe the total emotional state of the human body, which was calculated by [(T-A + D + A-H + F + C)—V]13. 
In the experimental samples of this study, the overall internal consistency of the POMS scale was shown as 
Cronbach’s α = 0.84.

STAI
To compare the changes in the participants’ anxiety levels in each plant community, a 40-item State Trait Anxiety 
Scale (STAI), including the Trait Anxiety Inventory (TAI) and State Anxiety Inventory (SAI), was used to ask 
how anxious the participants felt49. SAI is meant to measure the level of anxiety in the present moment and TAI 
is meant to measure anxiety levels as a personal characteristic. Subjects were asked to use a four-point Likert scale 
to express their feelings regarding anxiety ranked from 1 (almost never) to 4 (always). The question score of both 
subscales would be used to describe the participants’ state anxiety and trait anxiety levels. In the original Span-
ish validation, STAI-state showed an internal consistency of Cronbach’s α = 0.90, and in the current study, good 
internal consistency of STAI-T with Cronbach’s α = 0.86, and STAI-S with Cronbach’s α = 0.78 was detected50.

Procedure
This study employed a randomized parallel experiment. All 60 volunteers were randomly divided into six groups 
of ten. Each group of volunteers was randomly matched to either a natural or built environment and completed 
a pre-post test and a 15-min meditation session. The physiological and psychological conditions were measured 
10 min after the participant arrival at the site. Meanwhile, they were informed of the experimental procedure and 
important matters. Before the experiment, all the subjects were given heart rate belts and wristwatches which 
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were secured by the researchers. Subsequently, their salivary cortisol was measured, as well as their blood pressure 
and pulse rate. Additionally, they filled out the psychological evaluations. Once this was done, each participant 
would sit in a chair placed in the center of the field for 15 min. Cell phones and talking were not allowed during 
the experiment. After the exposure, subjects walked out of the field and all of the measurements were taken again. 
Finally, the researcher ended the experiment by uploading the record from the wristwatch. The whole procedure 
would last for approximately 30 to 40 min. The specific process is shown in Fig. 2.

Data analysis
A total of 60 participants were recruited for the study. During the experiment, one person was absent due to per-
sonal reasons, and two people failed to record heart rate and heart rate variability due to faulty instruments. The 
changes of psychological scales, blood pressure, pulse rate, and salivary cortisol concentrations were compared 
directly before and after the experiment. To compare differences in HR and HRV, 15-min and one-minute mean 
values were used. Data results were analyzed in Microsoft Office Excel and SPSS 22.0. We test the normality of 
the dependent variable through visual plots (histograms and normal probability plots) and Shapiro–Wilk, and 
then the homogeneity test of variance was performed. In order to determine whether there are differences in 
human stress indicators after 15 min of exposure to different environments, we conducted one-way ANOVA 
and multiple post-hoc comparisons (LSD) for variables satisfying homogeneity of variance, and non-parametric 
tests (Kruskal–Wallis) for variables not satisfying homogeneity of variance. A p-value less than 0.05 was taken 
as statistically significant.

Approval for human experiments
The study was performed with the approval of the local Ethics Committee of the College of Qingdao University 
of Technology, China.

Results
Physiological effects of natural environment on human stress
Blood pressure and pulse rate
As shown in Tab.3, when compared with the built environment, the participants’ SBP did not significantly change 
after spending time in the five plant communities. The decline in DBP only appeared in PB (− 4.40 ± 3.69 mmHg) 
and BE (− 4.90 ± 5.79 mmHg). But compared with mixed forest, broad-leaved forest could significantly reduce 
DBP of subjects. After the 15-min exposure to both natural and built environment, the pulse rate of the partici-
pants had decreased, but the difference between groups was not significant. And the subjects’ pulse rate recorded 
in the built environment (76.22 ± 13.16 bpm) was higher than in the natural environment (69.27 ± 8.33 bpm). 
When it comes to the effects of the three plant communities, the pulse rates of subjects were all decreased. How-
ever, participants who were in PB (67.20 ± 5.60 bpm) had the lowest pulse rate after the experiment, while the 

Figure 2.   Experimental process.

Table 3.   Effects of plant community exposure on human blood pressure and pulse rate (N = 59).

Items Data category PC MC PB MB MCB BE

SBP (mmHg)
PRE-test 111.00 ± 8.56 (104.55, 

117.45)
105.60 ± 10.62 (97.59, 
113.61)

115.70 ± 11.93 
(106.70, 124.70)

105.50 ± 9.37 (98.43, 
112.57)

107.56 ± 16.91 (93.77, 
121.34)

108.90 ± 10.04 
(101.33, 116.47)

POS-test 111.40 ± 11.20 
(101.31, 119.49)

104.00 ± 9.62 (96.74, 
111.26)

112.80 ± 9.53 (105.62, 
119.98)

105.30 ± 10.30 (97.54, 
113.06)

108.22 ± 12.03 (97.26, 
114.96)

103.90 ± 12.13 (94.75, 
113.05)

DBP (mmHg)
PRE-test 71.60 ± 8.05 (65.53, 

77.67)
65.50 ± 8.21 (59.31, 

71.69)
77.90 ± 7.46 (72.65, 

83.15)
69.50 ± 3.61 (66.78, 

72.22)
68.89 ± 3.11 (66.36, 

71.42)
71.40 ± 7.64 (65.64, 

77.16)

POS-test 74.50 ± 8.03 (68.45, 
80.55)

66.50 ± 7.57 (60.79, 
72.21)

73.50 ± 6.76 (68.41, 
78.59)

70.60 ± 4.00 (67.58, 
73.62)

73.78 ± 8.57 (66.79, 
70.77)

66.50 ± 6.96 (61.25, 
71.75)

Pulse rate (bpm)
PRE-test 73.30 ± 10.87 (65.10, 

81.50)
75.20 ± 8.03 (69.14, 

81.26)
70.40 ± 6.09 (65.81, 

74.99)
71.30 ± 9.46 (65.07, 

79.53)
75.00 ± 7.44 (68.93, 

81.06)
77.78 ± 12.59 (64.02, 

85.98)

POS-test 71.80 ± 10.03 (64.35, 
77.25)

68.60 ± 7.96 (62.59, 
74.61)

67.20 ± 5.60 (62.98, 
71.42)

69.60 ± 11.84 (60.67, 
78.53)

70.22 ± 5.18 (66.00, 
74.45)

76.22 ± 13.16 (62.47, 
84.73)
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pulse rate of the subjects who spent time in MC decreased the most (6.6 bpm), indicating that MC was the most 
effective when it comes to lowering the subjects’ pulse rate, followed by the MCB (4.78 bpm) and PB (3.20 bpm).

Heart rate
There was a significant difference in HR between the 15-min exposure to the natural and built environment 
(F (1, 55) = 5.90, p = 0.018 < 0.05; 95%CIs-NE (natural environment) = 76.34, 81.15; 95%CIs-BE (built environ-
ment) = 78.17, 94.63) (Fig. 3), which was a set of data conforming to normal distribution and homogeneity of vari-
ance. After the 15-min exposure to the built environment, the average HR (86.40 ± 10.09 bpm) was significantly 
higher than that of the subjects who spent time in the natural environment (78.74 ± 8.20 bpm). The average HR 
of the subjects spending time in the PC was the lowest (77.17 ± 9.67 bpm), followed by those who spent time in 
the PB (77.36 ± 7.87 bpm) (Fig. 3a). In addition, subjects who were in the built environment had a higher mean 
HR within the 1-min segments than those in the natural environment. The average HR of the subjects exposed 
to the mixed forest (81.73 ± 6.13) was higher than that of the other two types of plant communities, which made 
the overall difference between the HR of the mixed forest and the built environment insignificant (F (1, 55) = 0.90, 
p = 0.412; 95% CIs-coniferous forests = 73.03, 81.50; 95% CIs-broad-leaved forests = 74.93, 82.83; 95% CIs-mixed 
forests = 76.74, 86.73). And each 1-min average HR of MCB was the highest in these natural environments.

Heart rate variability
As shown in Fig. 4, during the 15-min exposure period, the subjects who spent time in the built environment had 
significantly lower ln (HF) (4.99 ± 0.60), than the subjects who were in the natural environment (6.38 ± 0.75) (F 
(1, 55) = 26.69, p < 0.001; 95% CIs-NE (natural environment) = 6.16, 6.60; 95% CIs-BE (built environment) = 4.50, 
5.47). The ln (HF) measured in the participants who were in the plant communities had noticeable advantages, 
however, there was no significant differences among the groups. Figure 4b shows the fluctuations in ln (HF) of 
the participants in various environments during the 15-min exposure period. It can be seen that the average ln 
(HF) per minute observed in every natural environment was higher than in the built environment. However, the 
fluctuations of ln (HF) in each environment were obvious during the whole exposure period.

The natural logarithm of LF/HF is used to measure the relative activity of both sympathetic and parasympa-
thetic nerves of the subjects. Lower values indicate lower levels of stress. Participants in the natural environments 
reported feeling more relaxed and calmer than those who were in the built environment. The lowest ln (LF/HF) 
value was observed in the participants who were in MC (1.035 ± 0.13), followed by those in MB (1.048 ± 0.10) 
(Fig. 5a). And ln (LF/HF) fluctuated greatly for all of the environments, but overall, the values observed in the 
built environment was always higher than the ones in the natural environments. Comparatively, the ln (LF/HF) 
variation of MC was relatively stable and always in a low state (Fig. 5b).

Salivary cortisol
There was no significant change in the salivary cortisol concentration measured in the participants in both built 
and natural environments. After the experiment, the salivary cortisol concentration of those spending time in the 
natural environment was 2.278 ± 0.145 ug/L, while the subjects in the built environment had 1.869 ± 0.124 ug/L. 
However, the changes of salivary cortisol concentration in the three types of plant communities were different. 
And the environment which contributed to the largest decrease in the salivary cortisol was MCB (-0.047 ± 0.044 
ug/L), followed by PB (-0.043 ± 0.071 ug/L). Compared with the changes of saliva cortisol concentration in 
broad-leaved forest and mixed forest, coniferous forest significantly increased saliva cortisol concentration (F (2, 

Figure 3.   Mean 1-min HR and mean overall heart rate during viewing in natural and built environment. (a) 
Overall mean HR; (b) Changes in each 1-min average HR over the 15-min watch; N = 57.
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46) = 7.516, p = 0.001 < 0.05; 95% CIs-coniferous forests = 0.015, 0.067; 95% CIs-broad-leaved forests = − 0.059, 
0.015; 95% CIs-mixed forests = − 0.083, − 0.011) (Fig. 6).

Psychological effects of natural environment on human stress
POMS
Figure 7 shows the changes of six POMS subscales and TMD scores of the participants after exposure to different 
environments. Compared with those who spent time in the built environment, the emotional state of subjects 
who were in the natural environment significantly changed after the exposure. In the five negative subscales, 
the negative emotions of the subjects who were in the natural environments substantially declined, while they 
significantly increased for those in the built environment. According to the results of the vigor subscale, the 
vitality status of the subjects in the natural environment improved, while it declined for those in the built envi-
ronment. Furthermore, the change in TMD also confirmed the positive effect the natural environment had on 
the human emotions.

Except C and V subscale, Kruskal–Wallis test results of others scores of subjects in natural environment and 
built environment were significantly different (p < 0.05). In the V subscale, there were significant differences 
between broad-leaved forest and mixed forest, but there were no significant differences in other scores. More 
specifically, the participants in PB had the greatest decline in the T-A and D subscale (Fig. 7a,b). Furthermore, 
the lowest scores of T-A and D subscale were found in those who spent time in PC and MB. The score of the 

Figure 4.   Mean 1-min ln(HF) and mean overall ln(HF) during viewing in natural and built environment. (a) 
Overall mean ln (HF); (b) Changes in each 1-min average ln (HF) over the 15-min watch; N = 57.

Figure 5.   Mean 1-min ln(LF/HF) and mean overall ln(LF/HF) during viewing in natural and built 
environment. (a) Overall mean ln (LF/HF); (b) Changes in each 1-min average ln (LF/HF) over the 15-min 
watch; N = 57.
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A-H subscale decreased most for the participants who were in MB (− 1.70 ± 2.00), while the F subscale score 
decreased most for those who spent time in MCB (− 3.33 ± 2.26). In particular, compared with the other two 
kinds of groups, the score of V subscale of the participants in the broad-leaved forest decreased slightly. When 
it comes to the TMD scores, the most substantial decline was noticed with the subjects who were exposed to 
MCB (− 10.22 ± 8.90). Although there was no significant difference in score changes in the other two subscales 
(C and F), most of the results confirmed the assumption that the natural environment can relieve the negative 
emotions and enhance the vitality (Fig. 7e,f).

STAI
As shown in Fig. 8, the anxiety level of the subjects was significantly lowered after the exposure to the five plant 
communities (SAI p = 0.013; TAI p = 0.001, which tested by Kruskal–Wallis), serving as the evidence of the reliev-
ing effect the natural environment has on human anxiety. On the other hand, the anxiety level of the subjects 
exposed to the built environment was intensified. In the SAI subscale, the lowest score after the exposure was 
noticed in the subjects who spent time in MB (31.60 ± 6.53), however, the greatest decrease was measured for the 
participants who were in the PC (-3.80 ± 5.53). When it comes to the TAI subscale, the scores of all of the subjects 
who spent time in nature dropped significantly. After the exposure, the highest TAI score was observed in those 
who spent time in the MC (38.20 ± 11.75), followed by MCB (35.67 ± 6.24), PC (35.50 ± 7.68), PB (35.40 ± 7.86), 
and MB (34.90 ± 7.24) (Fig. 8b). The results of multiple testing showed no significant difference between groups 
of different plant communities.

Discussion
Changes in stress state before and after exposure to natural environment
In recent years, numerous studies have reported the potential health benefits of natural exposure, confirming the 
deep connection between people and their natural environment28,51,52. The concept of “therapeutic landscape” 
also summarizes the enhancement of multi-dimensional happiness caused by natural environment, including 
human body, material, spirit and society50. In this study, a field experiment was conducted in both natural and 
built environments to investigate the impact of the natural environment on human stress reduction. Our results 
showed that compared with the built environment, the participants’ physiological and psychological stress levels 
were significantly reduced after the exposure to the natural environment. Participants exposed to the natural 
environment were calmer and more relaxed, while the negative emotions like depression and anxiety signifi-
cantly reduced. Furthermore, their vitality increased, which was over all in line with previous research47,50,53–55.

In many Japanese studies, the HR and HRV were utilized to measure the function of the human autonomic 
nervous system in a short period of time44,56. As with other articles studying natural exposure and human health, 
subjects exposed to natural plant communities had higher HF, lower HR, and LF/HF ratio. This indicates that 
their parasympathetic nerve activity increased, improving their levels of relaxation and decreasing stress47,57,58. 
The changes in blood pressure and pulse rate were used to describe the cardiovascular health of the subjects. 
However, they were not significant, although there was a decrease in the pulse rates of those who spent time in the 
natural environment. Song et al.44 noticed that the subjects’ physiological responses may be related to the initial 
values of their measurement parameters. They observed that the subjects who initially had low blood pressure 
and pulse rate had these values increased after walking into a forest. This may be the explanation behind the 
insignificant results regarding blood pressure and pulse rate. Other studies have shown that some happy emotions 
can also increase blood pressure, which is inconsistent with reduced blood pressure during relaxation59. Similarly, 
we did not observe significant changes in salivary cortisol, which could be caused by many complex social factors, 
individual differences and circadian rhythms, etc.60. Previous studies have also observed the same results61,62.

Figure 6.   Changes in saliva cortisol concentration of the subjects; N = 59.
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Viewing the landscape of a plant community increased the participants’ energy levels and eased negative 
emotions such as depression, fatigue, anxiety, and confusion, according to the psychological evaluations. Addi-
tionally, the participants’ TMD, TAI, and SAI levels all decreased significantly, which is in line with the previous 
findings16,27,52,63. In recent years, the role of natural exposure in improving spirit and resilience has been verified, 
and people also call for natural immersion as an intervention means of mental health64–67. Mental and emotional 
health is a driver and exacerbator of social inequality68. Urban green space, which has an important impact on 
human emotions, has also received greater attention in public policies and public discourse.

Effects of different plant communities on human stress state
In addition, it was discovered that plant communities with varying compositions had different effects on human 
stress levels. When all physiological indicators were considered, MC had the most positive effect on reducing the 
subjects’ physiological stress when compared to the rest of the plant communities studied. It was composed of 
some coniferous plants, such as Juniperus formosana, Pinus bungeana, Cedrus deodara, and others. These plants 
were commonly used in rehabilitation landscape, and they could release volatile components such as olefin 
compounds, terpenoids, alcohols, which were beneficial to human health35,69. Studies have also proved that these 
conifers can purify the air, which also briefly affects human health70,71. Another plant community that reduced 

(a) Tension-anxiety (T-A)                (b) Depression (D)                 (c) Angry-hostile (A-H) 

(d) Fatigue (F)                     (e) Confusion (C)                       (f) Vigor (V) 

(g)Total mood disturbance (TMD) 

Figure 7.   Changes of POMS subscales and TMD scores. (a) Tension-anxiety scale; (b) Depression scale; (c) 
Angry-hostile scale; (d) Fatigue scale; (e) Confusion scale; (f) Vigor scale; (g) Total mood disturbance; N = 59.
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physiological stress was composed of Eucommia ulmoides (main tree species of PB), which was shown to have 
anti-bacterial, anti-cancerous, cardioprotective, and neuroprotective properties72. Eucommia ulmoides had great 
benefits to human health, which made some physiological indexes of subjects exposed to Eucommia ulmoides 
forest have very positive changes. These changes meant the reduction of human physiological stress. Both An 
et al.73 and Elsadek31 studies examined the intricacies of human health resulting from the microenvironmental 
differences caused by various plants, but our findings indicate that the plant characteristics and properties may 
also have varying effects on human health. In this situation, some frequently-used plants in rehabilitation land-
scape or the combination of them may directly bring benefits to human health.

Similarly, only broad-leaved forest and mixed forest scored significant differences in the V subscale. Some 
previous studies on the health effects of parks, woodlands, or forests with different degrees of wilderness also 
showed that there was no significant difference in the mental health based on the environment74,75. Among the 
plant communities in this research, MCB had the best effect on relieving the psychological stress of subjects, as 
well as their mood and anxiety levels. Therefore, it was speculated that the high number of plants released volatile 
components (such as Cedrus deodara, Metasequoia glyptostroboides and Robinia pseudoacacia), while the tidier 
and transparent arrangement of plants in this community had more positive effects on human psychological 
stress. This result was in line with the research by Takayama32 and Gatersleben and Andrews76. They noticed 
that a more organized environment, with clear fields of vision (prospect) and few hiding places (refuge) had 
better recovery. Bratman et al.77 divided the approach of environment and mental health into four steps, among 
which the first step is to describe and define “natural features”. This step states that the size, composition and 
spatial configuration of natural landscapes, as well as other natural attributes (vegetation features, structure and 
biodiversity, etc.) may be natural element characteristics that influence mental health. This is also consistent 
with our findings.

At the moment, there is some debate as to whether mixed forests are the best type of forests for recreation, 
but plant diversity can have a direct or indirect impact on the potential of green space51,78. Our study showed that 
mixed coniferous and broad-leaved forests were more effective than single coniferous forest or broad-leaved forest 
in relieving physical and psychological stress. The reason for this difference might be that various plants affected 
the external morphology and spatial structure of the plant community, or that these plants produced more oxygen 
or beneficial volatile substances, and other potential influencing factors. Some studies say that the characteristics 
of natural landscape will affect a series of reactions such as "exposure-experience-effect" of human body, not to 
mention the influence of natural experience will also be affected by the age, gender, emotional state and natural 
preference of the subjects77. This relationship needs to be further examined and discussed in future studies.

Limitations and future development
This research studied the effects of various typical plant communities on human stress relief. For the purpose of 
the research, the plant communities were screened for five different components, which was not often seen in 
the previous studies. However, the research still had some limitations. A total of 59 volunteers participated in 
the experiment, and they were divided into six groups of 10. There were few subjects in each group to control for 
the personal characteristics of the subjects. In addition, since gender ratio of volunteers was imbalanced and the 
subjects in each sample site were randomly assigned, the influence of gender on the results cannot be excluded. 
Although the experimental area was strictly controlled, the tourists visiting the Badaguan Scenic Area and the 
surrounding locations could have influenced the subjects. Besides, the cultural values of the subjects about the 

(a) State-anxiety (SAI)                             (b) Trait-anxiety (TAI) 

Figure 8.   Changes of STAI score. (a) State-anxiety (SAI); (b) Trait-anxiety (TAI); N = 59.
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natural environment are different. For example, simple preferences for conifers and broad-leaved forests may 
vary from country to country.

Based on the above limitations, to further explain the differences in the effects of the different plant communi-
ties on human stress levels, a more comprehensive study needs to be conducted. Particularly, the question remains 
whether the result could be repeated among people of different ages and different health levels. Future research 
should include more diverse experimental groups, such as elderly people with impaired physical health or people 
with certain physiological or psychological disorders. Another important issue is that these plant communities 
in Badaguan Scenic Area are disturbed artificially. Whether the plant communities occurring in a more natural 
environment have the same effect on human stress levels are still an unanswered question. Moreover, the effects 
of the natural environment on health are not limited to static interactions with the natural environment, some 
physical activities and social interactions could also be included in the future experiments.

Conclusion
In the present study, we attempted to elucidate the role of the natural environment on human stress relief and 
to compare the diverse effects of different typical plant communities on human stress reduction. Therefore, the 
typical plant communities in Badaguan Scenic Area were selected and a field experiment was conducted. The 
results showed that compared to the built environment, the natural environment can relieve both physiological 
and psychological stress and the negative emotions while significantly increasing vitality. Different plant com-
munities also have different effects on human health, for example, MC can better relieve the physiological stress 
of the subjects, and MCB has a significant effect on improving emotional state and reducing anxiety. Broad-
leaved forest, mixed forest and coniferous forest significantly affected DBP, activity level and salivary cortisol 
concentration, respectively. The study confirmed the stress-relieving effect of small-scale plant communities 
and highlighted their health benefits. Based on this, the application of various plant species and the combing 
of plant community space may become the foothold and breakthrough of healthy city construction. Renewal 
and improvement of plant community spatial structure and plant allocation in urban green space should also 
become an important means to build a healthy and livable city. On the other hand, the research on the relation-
ship between the composition and spatial structure of the small-scale plant communities and human health is 
limited. More extensive research and repeated experiments are required to provide a more scientific basis for 
plant allocation and the creation of healthy urban green spaces.

Data availability
The original contributions presented in the study are included in the article, further inquiries can be directed 
to the corresponding author.

Received: 16 June 2023; Accepted: 4 March 2024

References
	 1.	 Gruebner, O. et al. Cities and mental health. Dtsch Arztebl. Int. 114, 121–127 (2017).
	 2.	 Moore, M., Gould, P. & Keary, B. S. Global urbanization and impact on health. Int. J. Hyg. Environ. Health 206, 269–278 (2003).
	 3.	 Vlahov, D. & Galea, S. Urbanization, urbanicity, and health. J. Urban. Health 79, S1–S12 (2002).
	 4.	 Barragan-Jason, G., Loreau, M., de Mazancourt, C., Singer, M. C. & Parmesan, C. Psychological and physical connections with 

nature improve both human well-being and nature conservation: A systematic review of meta-analyses. Biol. Conserv. 277, 109842 
(2023).

	 5.	 Simkin, J., Ojala, A. & Tyrväinen, L. Restorative effects of mature and young commercial forests, pristine old-growth forest and 
urban recreation forest—A field experiment. Urban For. Urban Green. 48, 126567 (2020).

	 6.	 Silva, R. A., Rogers, K. & Buckley, T. J. Advancing environmental epidemiology to assess the beneficial influence of the natural 
environment on human health and well-being. Environ. Sci. Technol. 52, 9545–9555 (2018).

	 7.	 Zhang, G., Wu, G. & Yang, J. The restorative effects of short-term exposure to nature in immersive virtual environments (IVEs) 
as evidenced by participants’ brain activities. J. Environ. Manag. 326, 116830 (2023).

	 8.	 Gao, T., Zhang, T., Zhu, L., Gao, Y. & Qiu, L. Exploring psychophysiological restoration and individual preference in the different 
environments based on virtual reality. Int. J. Environ. Res. Public Health 16, 3102 (2019).

	 9.	 Hedblom, M. et al. Reduction of physiological stress by urban green space in a multisensory virtual experiment. Sci. Rep.-UK 
https://​doi.​org/​10.​1038/​s41598-​019-​46099-7 (2019).

	10.	 Hakoköngäs, E. & Puhakka, R. Happiness from nature? Adolescents’ conceptions of the relation between happiness and nature in 
Finland. Leisure Sci. 45(7), 665–683 (2023).

	11.	 Song, C. et al. Effects of viewing forest landscape on middle-aged hypertensive men. Urban For. Urban Green. 21, 247–252 (2017).
	12.	 Tsunetsugu, Y. et al. Physiological and psychological effects of viewing urban forest landscapes assessed by multiple measurements. 

Landscape Urban Plan. 113, 90–93 (2013).
	13.	 Ochiai, H., Song, C., Ikei, H., Imai, M. & Miyazaki, Y. Effects of visual stimulation with bonsai trees on adult male patients with 

spinal cord injury. Int. J. Environ. Res. Public Health 14, 1017 (2017).
	14.	 Yau, K. K. & Loke, A. Y. Effects of forest bathing on pre-hypertensive and hypertensive adults: a review of the literature. Environ. 

Health Prev. Med. 25(1), 1–17 (2020).
	15.	 Yu, C. P., Lin, C. M., Tsai, M. J., Tsai, Y. C. & Chen, C. Y. Effects of short forest bathing program on autonomic nervous system 

activity and mood states in middle-aged and elderly individuals. Int. J. Environ. Res. Public Health 14, 897 (2017).
	16.	 Bielinis, E., Takayama, N., Boiko, S., Omelan, A. & Bielinis, L. The effect of winter forest bathing on psychological relaxation of 

young Polish adults. Urban For. Urban Green. 29, 276–283 (2018).
	17.	 Zhang, X., Zhang, Y., Yun, J. & Yao, W. A systematic review of the anxiety-alleviation benefits of exposure to the natural environ-

ment. Rev. Environ. Health https://​doi.​org/​10.​1515/​reveh-​2021-​0157 (2022).
	18.	 de Keijzer, C. et al. Green and blue spaces and physical functioning in older adults: Longitudinal analyses of the Whitehall II study. 

Environ. Int. 122, 346–356 (2019).
	19.	 Gong, Y., Gallacher, J., Palmer, S. & Fone, D. Neighbourhood green space, physical function and participation in physical activities 

among elderly men: The Caerphilly Prospective study. Int. J. Behav. Nutr. Phys. Act. 11, 40 (2014).

https://doi.org/10.1038/s41598-019-46099-7
https://doi.org/10.1515/reveh-2021-0157


12

Vol:.(1234567890)

Scientific Reports |         (2024) 14:5600  | https://doi.org/10.1038/s41598-024-56243-7

www.nature.com/scientificreports/

	20.	 Furuyashiki, A., Tabuchi, K., Norikoshi, K., Kobayashi, T. & Oriyama, S. A comparative study of the physiological and psychologi-
cal effects of forest bathing (Shinrin-yoku) on working age people with and without depressive tendencies. Environ. Health Prev. 
Med. 24, 46 (2019).

	21.	 Han, J. et al. The effects of forest therapy on coping with chronic widespread pain: Physiological and psychological differences 
between participants in a forest therapy program and a control group. Int. J. Environ. Res. Public Health 13, 255 (2016).

	22.	 Liu, J. & Green, R. J. The effect of exposure to nature on children’s psychological well-being: A systematic review of the literature. 
Urban For. Urban Green. 81, 127846 (2023).

	23.	 Zeng, C. et al. Benefits of a three-day bamboo forest therapy session on the physiological responses of university students. Int. J. 
Environ. Res. Public Health 17, 3238 (2020).

	24.	 Dzhambov, A. M., Markevych, I. & Lercher, P. Greenspace seems protective of both high and low blood pressure among residents 
of an Alpine valley. Environ. Int. 121, 443–452 (2018).

	25.	 Jiang, M., Hassan, A., Chen, Q. & Liu, Y. Effects of different landscape visual stimuli on psychophysiological responses in Chinese 
students. Indoor Built Environ. 29, 1006–1016 (2020).

	26.	 Browning, M. H. et al. Daily exposure to virtual nature reduces symptoms of anxiety in college students. Sci. Rep.-UK 13(1), 1239 
(2023).

	27.	 Ojala, A., Korpela, K., Tyrvainen, L., Tiittanen, P. & Lanki, T. Restorative effects of urban green environments and the role of 
urban-nature orientedness and noise sensitivity: A field experiment. Health Place 55, 59–70 (2019).

	28.	 Sun, Y. et al. Physiological and affective responses to green space virtual reality among pregnant women. Environ. Res. 216, 11449.9 
(2023).

	29.	 Hoyle, H., Hitchmough, J. & Jorgensen, A. All about the ‘wow factor’? The relationships between aesthetics, restorative effect and 
perceived biodiversity in designed urban planting. Landscape Urban Plan. 164, 109–123 (2017).

	30.	 Chiang, Y., Li, D. & Jane, H. Wild or tended nature? The effects of landscape location and vegetation density on physiological and 
psychological responses. Landscape Urban Plan. 167, 72–83 (2017).

	31.	 Elsadek, M., Liu, B., Lian, Z. & Xie, J. The influence of urban roadside trees and their physical environment on stress relief measures: 
A field experiment in Shanghai. Urban For. Urban Green. 42, 51–60 (2019).

	32.	 Takayama, N., Fujiwara, A., Saito, H. & Horiuchi, M. Management effectiveness of a secondary coniferous forest for landscape 
appreciation and psychological restoration. Int. J. Environ. Res. Public Health 14, 800 (2017).

	33.	 Liu, L., Qu, H., Ma, Y., Wang, K. & Qu, H. Restorative benefits of urban green space: Physiological, psychological restoration and 
eye movement analysis. J. Environ. Manag. 301, 113930 (2022).

	34.	 Shu, S. & Ma, H. Restorative effects of urban park soundscapes on children’s psychophysiological stress. Appl. Acoust. 164, 107293 
(2020).

	35.	 Song, X., Li, H., Li, C., Xu, J. & Hu, D. Effects of VOCs from leaves of Acer truncatum Bunge and Cedrus deodara on human 
physiology and psychology. Urban For. Urban Green. 19, 29–34 (2016).

	36.	 Song, C., Ikei, H. & Miyazaki, Y. Physiological effects of forest-related visual, olfactory, and combined stimuli on humans: An 
additive combined effect. Urban For. Urban Green. 44, 126437 (2019).

	37.	 Wu, S., Chen, B., Webster, C., Xu, B. & Gong, P. Improved human greenspace exposure equality during 21st century urbanization. 
Nat. Commun. 14(1), 6460 (2023).

	38.	 Benz, A. B. et al. Nature-based relaxation videos and their effect on heart rate variability. Front. Psychol. 13, 866682 (2022).
	39.	 Jyskä, I. et al. Effects of using guided deep breathing exercises in a virtual natural environment to reduce stress during pediatric 

treatment. Healthcare 11, 3140 (2023).
	40.	 Kaufmann, T., Sutterlin, S., Schulz, S. M. & Vogele, C. ARTiiFACT: A tool for heart rate artifact processing and heart rate variability 

analysis. Behav. Res. Methods 43, 1161–1170 (2011).
	41.	 Tarvainen, M. P., Niskanen, J. P., Lipponen, J. A., Ranta-Aho, P. O. & Karjalainen, P. A. Kubios HRV–heart rate variability analysis 

software. Comput. Methods Programs Biomed. 113, 210–220 (2014).
	42.	 Saito, H., Horiuchi, M., Takayama, N. & Fujiwara, A. Effects of managed forest versus unmanaged forest on physiological restora-

tion from a stress stimulus, and the relationship with individual traits. J. Forest Res.-Jpn. 24, 77–85 (2019).
	43.	 Song, C., Ikei, H. & Miyazaki, Y. Physiological effects of visual stimulation with forest imagery. Int. J. Environ. Res. Public Health 

15, 213 (2018).
	44.	 Song, C., Ikei, H., Igarashi, M., Takagaki, M. & Miyazaki, Y. Physiological and psychological effects of a walk in urban parks in 

fall. Int. J. Environ. Res. Public Health 12, 14216–14228 (2015).
	45.	 Kobayashi, H. et al. Population-based study on the effect of a forest environment on salivary cortisol concentration. Int. J. Environ. 

Res. Public Health 14, 931 (2017).
	46.	 Rofe, N. et al. Salivary cortisol concentration and perceived stress measure in response to acute natural stress: The role of morn-

ingness-eveningness preference. Chronobiol. Int. 40(11), 1515–1521 (2023).
	47.	 Lee, J. et al. Influence of forest therapy on cardiovascular relaxation in young adults. Evid. Based Complement Alternat. Med. 2014, 

834360 (2014).
	48.	 Song, C. et al. Association between the psychological effects of viewing forest landscapes and trait anxiety level. Int. J. Environ. 

Res. Public Health 17, 5479 (2020).
	49.	 Bielinis, E., Jaroszewska, A., Łukowski, A. & Takayama, N. The effects of a forest therapy programme on mental hospital patients 

with affective and psychotic disorders. Int. J. Environ. Res. Public Health 17, 118 (2020).
	50.	 Muro, A. et al. Forest bathing and hiking benefits for mental health during the COVID-19 pandemic in Mediterranean regions. 

Eur. J. Forest Res. 142(2), 415–426 (2023).
	51.	 Janeczko, E. et al. When urban environment is restorative: The effect of walking in suburbs and forests on psychological and physi-

ological relaxation of young polish adults. Forests 11, 591 (2020).
	52.	 Ning, W., Yin, J., Chen, Q. & Sun, X. Effects of brief exposure to campus environment on students’ physiological and psychological 

health. Front. Public Health 11, 1051864 (2023).
	53.	 Janeczko, E., Czyżyk, K., Korcz, N., Woźnicka, M. & Bielinis, E. The psychological effects and benefits of using green spaces in the 

city: A field experiment with young polish adults. Forests 14(3), 497 (2023).
	54.	 Lanki, T. et al. Acute effects of visits to urban green environments on cardiovascular physiology in women: A field experiment. 

Environ. Res. 159, 176–185 (2017).
	55.	 Song, C., Ikei, H. & Miyazaki, Y. Elucidation of a physiological adjustment effect in a forest environment: A pilot study. Int. J. 

Environ. Res. Public Health 12, 4247–4255 (2015).
	56.	 Song, C., Ikei, H., Kagawa, T. & Miyazaki, Y. Physiological and psychological effects of viewing forests on young women. Forests 

10, 635 (2019).
	57.	 Gaertner, R. J. et al. Relaxing effects of virtual environments on the autonomic nervous system indicated by heart rate variability: 

A systematic review. J. Environ. Psychol. 88, 102035 (2023).
	58.	 Ikei, H., Song, C., Kagawa, T. & Miyazaki, Y. Physiological and psychological effects of viewing forest landscapes in a seated posi-

tion in one-day forest therapy experimental model. Nippon Eiseigaku Zasshi 69, 104–110 (2014).
	59.	 Lau, S. S. et al. Brief repeated virtual nature contact for three weeks boosts university students’ nature connectedness and psycho-

logical and physiological health during the COVID-19 pandemic: A pilot study. Front. Public Health 10, 1057020 (2023).



13

Vol.:(0123456789)

Scientific Reports |         (2024) 14:5600  | https://doi.org/10.1038/s41598-024-56243-7

www.nature.com/scientificreports/

	60.	 Kudielka, B. M., Hellhammer, D. H. & Wust, S. Why do we respond so differently? Reviewing determinants of human salivary 
cortisol responses to challenge. Psychoneuroendocrino 34, 2–18 (2009).

	61.	 Niedermeier, M. et al. The role of anthropogenic elements in the environment for affective states and cortisol concentration in 
mountain hiking-A crossover trial. Int. J. Environ. Res. Public Health 16, 290 (2019).

	62.	 Todorova, Y. et al. Additional health benefits observed following a nature walk compared to a green urban walk in healthy females. 
Urban Sci. 7(3), 85 (2023).

	63.	 Park, B. et al. Relationship between psychological responses and physical environments in forest settings. Landscape Urban Plan. 
102, 24–32 (2011).

	64.	 Howes, S. and Warwick, P. Creating equitable and sustainable opportunities for nature immersion to support restoration from 
stress within mental health nursing: A critical interpretive synthesis. Int. J. Ment. Health Nu (2023).

	65.	 Huang, D., Tian, M. & Yuan, L. Do objective and subjective traffic-related pollution, physical activity and nature exposure affect 
mental wellbeing? Evidence from Shenzhen, China. Sci. Total Environ. 869, 161819 (2023).

	66.	 Macaulay, R., Lee, K., Johnson, K. & Williams, K. Mindful engagement, psychological restoration, and connection with nature in 
constrained nature experiences. Landscape Urban Plan. 217, 104263 (2022).

	67.	 Yao, W., Zhang, X. & Gong, Q. The effect of exposure to the natural environment on stress reduction: A meta-analysis. Urban For. 
Urban Green. 57, 126932 (2021).

	68.	 Lawrance, E., Thompson, R., Fontana, G., Jennings, N. The impact of climate change on mental health and emotional wellbeing: 
current evidence and implications for policy and practice. Grantham Institute briefing paper, 36 (2021).

	69.	 Jia, M. Study on Volatile Compounds of Several Aromatic Plants Used in Rehabilitation Landscape and Their Impacts of Human 
Health 178 (Zhejiang A&F University, 2017).

	70.	 Magana-Arachchi, D. N. & Wanigatunge, R. P. Air quality improvement using phytodiversity and plant architecture. In Handbook 
of Ecological and Ecosystem Engineering (ed. Prasad, M. N. V.) 437–449 (Wiley, 2021).

	71.	 Chen, G., Lin, L., Hu, Y., Zhang, Y. & Ma, K. Net particulate matter removal ability and efficiency of ten plant species in Beijing. 
Urban For. Urban Green. 63, 127230 (2021).

	72.	 Hussain, T. et al. Health-promoting properties of Eucommia ulmoides: A review. Evid. Based Complement Alternat. Med. 2016, 
5202908 (2016).

	73.	 An, B. et al. The effect of environmental factors in urban forests on blood pressure and heart rate in university students. J. Forest 
Res.-Jpn. 24, 27–34 (2019).

	74.	 Martens, D., Gutscher, H. & Bauer, N. Walking in “wild” and “tended” urban forests: The impact on psychological well-being. J. 
Environ. Psychol. 31, 36–44 (2011).

	75.	 Van den Berg, A. E., Jorgensen, A. & Wilson, E. R. Evaluating restoration in urban green spaces: Does setting type make a differ-
ence?—ScienceDirect. Landscape Urban Plan. 127, 173–181 (2014).

	76.	 Gatersleben, B. & Andrews, M. When walking in nature is not restorative—The role of prospect and refuge. Health Place 20, 91–101 
(2013).

	77.	 Bratman, G. N. et al. Nature and mental health: An ecosystem service perspective. Sci. Adv. 5(7), eaax0903 (2019).
	78.	 Aerts, R., Honnay, O. & Van Nieuwenhuyse, A. Biodiversity and human health: mechanisms and evidence of the positive health 

effects of diversity in nature and green spaces. Brit. Med. Bull. 127(1), 5–22 (2018).

Acknowledgements
This work was funded by the National Natural Science Foundation of China (No.32001367) and Science and 
Technology Support Plan for Youth Innovation of Colleges and Universities of Shandong Province of China 
(2022KJ161).

Author contributions
All authors contributed to the study conception and idea for the article. Wenfei Yao: conceptualization, validation, 
writing, paper revision; Luo Qingzi: data collection and software processing; Xiaofeng Zhang: data collection 
and software processing; Chen Zhuo: data collection and software processing; Longfei Mi: conceptualization, 
validation and financial support. All authors commented on previous versions of the manuscript. All authors 
read and approved the final manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to W.Y. or L.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2024

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Exploring the effect of different typical plant community on human stress reduction: a field experiment
	Materials and methods
	Experimental sites
	Environments data
	Participants
	Physiological measurement
	Blood pressure and pulse rate
	HR and HRV
	Salivary cortisol

	Psychological measurement
	POMS
	STAI

	Procedure
	Data analysis
	Approval for human experiments

	Results
	Physiological effects of natural environment on human stress
	Blood pressure and pulse rate
	Heart rate
	Heart rate variability
	Salivary cortisol

	Psychological effects of natural environment on human stress
	POMS
	STAI


	Discussion
	Changes in stress state before and after exposure to natural environment
	Effects of different plant communities on human stress state
	Limitations and future development

	Conclusion
	References
	Acknowledgements


