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Abstract. Advancements in electronic devices have led to increases in mental stress in
modern adults, and removing this stress is crucial for mental health. The purpose of this
study is to examine the psychophysiological benefits of contact with indoor plants. The
effects of transplanting plants (horticultural activity) and work on a mobile phone
(control activity) were assessed by blood pressure measurement, electroencephalography
(EEG), the semantic differential method (SDM), and the State-Trait Anxiety Inventory
(STAI). The SDM data showed that the subjects felt more relaxed, comfortable and
natural, and experienced lower anxiety after the transplantation of plants than the
control group. Participant’s total alpha and beta wave mean values increased over time
during the transplantation task but decreased at the end of the control task. The mean
meditation score was significantly higher after transplanting plants. Our study results
indicate that contact with plants may minimize mental stress.

The human relationship with nature is
profoundly complex (Heynen et al., 2006;
Jackson, 2003; Kahn, 2005; Kellert, 2004;
Kibert, 1999; Miller, 2005) and therefore
difficult to understand. However, extraordi-
nary psychological, ecological, biological,
and psychiatric research on this relationship
has recently been performed. Many scientists
have concluded that humans depend on
nature for their physical, spiritual, psycho-
logical, and emotional needs (Friedmann and
Thomas, 1995; Frumkin, 2001; Katcher and
Beck, 1987; Roszak et al., 1995; St Leger,
2003; Wilson, 1984). Recent studies have
reported that urban environments are unsuit-
able locations for humans (Bagot, 2005;
Kellert, 1993; van den Berg et al., 2007).
Most importantly, modern social environ-
ments have changed from the outdoors to
indoors. More than 95% of an individual’s
daily activities occur indoors (Lee et al.,
2015). Furthermore, developments in elec-
tronic technology have made it attractive for
people to connect and remain connected to a
machine environment. However, rapid techno-
logical developments have resulted in a new
era with fewer ‘‘green’’ and more artificial
surroundings. The widespread use of technol-
ogy is associated with psychiatric comorbid-
ities including internet addiction, depression,
anxiety, and attention deficit and hyperac-
tivity disorder (ADHD) in humans (Ho et al.,
2014). In addition, the widespread use of
mobile phones among younger generations

has opened the door to new lifestyles and
cultural pride (Reyns et al., 2013). Most
college students spend their time studying
online. Internet or online learning has be-
come an indispensable tool for university
students. The pooled prevalence of internet
addiction among university students is �5
times that in the general population (Zhang
et al., 2017a). Previous studies have reported
that excessive mobile phone usage could
affect the brain and its normal activities
(Imamura et al., 2009) and could increase
the risk of internet addiction (Lai et al.,
2013). Internet addictive behavior is common
among adolescents worldwide. In Asia, the
overall prevalence of smartphone ownership
by adolescents is 62%, ranging from 41% in
China to 84% in South Korea (Mak et al.,
2014b). Participation in online gaming
ranges from 11% in China to 39% in Japan
(Mak et al., 2014b). The prevalence rates of
problematic internet use and internet addic-
tion among adolescents are highest in
Vietnam (21.2%) (Tran et al., 2017b) and
the Philippines (21%) (Mak et al., 2014b).
Excessive smartphone use and internet ad-
diction are associated with poor health out-
comes (Mak et al., 2014a), a lower quality of
life (Tran et al., 2017b), impaired interper-
sonal relationships (Tran et al., 2017a), and
sleep problems (Zhang et al., 2017b). Males
are more affected than females, and�20% to
25%of these cases relate to the excessive use of
mobile phones (World Health Organization,
2004). Indeed, the stressful and fast-paced
modern lifestyle has strengthened the need
for peaceful greener environments for re-
laxation (Stone, 2006). Although rapidly
advancing technology will likely further

contribute to the negative effects of the
modern lifestyle, human development has
experienced few changes during evolution
over the past 10,000 years. For example, our
genetic makeup has changed by only 0.005%
(Williams and Nesse, 1991). Furthermore,
peaceful green environments may represent
part of the solution to this problem (Bird,
2007; Lee et al., 2009; Wendel et al., 2008).
In recent years, the beneficial effect of green
environments has been identified, and further
environmental studies are under way (Kahn
et al., 2009). Physical interactions with plants
represent an emotional and silent act that can
provide mental stability and comfort in dif-
ferent ways. Interaction with plants can also
promote the health of office workers (Dravigne
et al., 2008) byminimizing psychological stress
(Kaplan, 2001), improving mood (Adachi
et al., 2000; Shibata and Suzuki, 2001; Ulrich,
1981; Ulrich et al., 1991), and increasing mental
efficiency (Cimprich, 1993; Hartig et al., 1991;
Tennessen and Cimprich, 1995).

Basic Knowledge of
Electroencephalography and Brainwaves

In recent decades, neuroscience research
has advanced and can presently provide
a more in-depth understanding of brain ac-
tivity. In 1875, Richard Caton discovered the
presence of electrical currents in the human
brain. In 1924, German scientist Hans Berger
recorded electrical activity in the brain using
EEGs (Teplan, 2002). In 1934, Adrian and
Matthews devised the novel concept, of
human brain waves. During the 1950s,
EEG technology was successfully applied
to all fields of cognitive science, neurology,
and neurosurgery (Ali, 2012). Then, in
1964, Dr. Grey Walter connected electrodes
directly to the motor areas of the human
brain to record brainwave activity. An EEG
is a recording of the electrical activity of the
human brain at the scalp level (Stadelmann
et al., 2013). EEG signals are generated
from hyperpolarizing and depolarizing
postsynaptic potentials in populations of
pyramidal neurons (Jackson and Bolger,
2014; Sowndhararajan and Kim, 2016).
Practical applications of EEGs include re-
cordings of structural brain diseases, brain
death, and dementia. In addition, EEGs are
also used to control psychological disorders.
The NeuroSky MindWave EEG headset is an
innovative technique for recording live human
brain activity. A practical application of this
headset was launched in 2009 to control for
ADHD and stress issues in humans, with
86% accurate results (Mostow et al., 2011).
Brainwaves typically appear during both
resting and active states. Our behaviors,
thoughts, and emotions are reflections of
electrical activity inside the brain. An EEG
measures these electrical changes and pres-
ents them as waves. The EEG signals are
divided into different waves, such as alpha,
beta, delta, theta, and gamma waves in the
frequency ranges of 8–13 Hz, 13–30 Hz, 0–4
Hz, 4–8 Hz, and >30 Hz, respectively(Desai
et al., 2015). Research has shown that
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physical activity with plants can be effective
against certain diseases and mental stress
(Lee et al., 2015; Salovey et al., 2000),
although the exact mechanism is unknown.
Furthermore, the therapeutic effects of plants
have not been properly researched, and few
studies have performed physiological and
psychological analysis regarding plants. The
objective of this study is to examine the
physiological and psychological benefits of
contact with plants in modern adults. We
concentrate on brainwave changes when
a subject has contact with plants, and we
record the subject’s electrical brainwave
activity. Furthermore, we also attempt to
investigate the psychological changes during
a subject’s association with plants.

Materials and Methods

Experimental location. This indoor exper-
iment was conducted in a laboratory at
Sichuan Agricultural University in Sept.
2016. One room with white walls was selected
with twowindows on the south side. The room
was ventilated and kept silent to ensure that the
students were free from outside interference.
The room was �8 m long, 5 m wide, and 4 m
high. All of the measuring devices were placed
behind the participants to avoid any distur-
bance during the experiment. The experiment
was performed during the day under the
controlled temperature, humidity, and light—
intensity conditions of 24 �C, 50% relative
humidity, and 500 lx, respectively.

Participants. We enrolled 50 volunteer
male and female university students experi-
encing high academic stress (mean age 19.6 ±
1.42 years; weight 51.7 ± 7.21 kg; height
161.6 ± 4.2 cm) from the horticulture de-
partment of Sichuan Agricultural University,
China. Participants in this experiment were
selected based on availability, and none of
the participants had a history of physical or
mental disorders. Before starting the experi-
ments, a full explanation of the research was
provided and informed consent was obtained
from all participants. This experiment was
arranged with the approval of the local Ethics
Committee for the College of Landscape Archi-
tecture, Sichuan Agricultural University, China.

Materials. A general horticultural prac-
tice (transplanting plants) that uses real soil
and indoor plants for 15 min was selected,
and a game involving downloading a difficult
app, one of the most common mobile phone
tasks that required constant physical activity
similar to the transplanting activity, was used
as a control task for 15 min. Before the start
of the experiments, brief instructions were
presented to the participants. The experimen-
tal method was taught to each subject before
the experiments. Indoor plants of almost
equal size were used for transplantation, with
each volunteer using their hands. Plastic
containers (�3–5 mm in diameter) were used
for the transplanting activity. Both tasks were
performed on a large table in a standing
position for 15 min, against a wall coated
with black paper. The detailed test procedure
is shown in Fig. 1.

Protocol. The subjects were divided into
two groups. On the first day of the experiments,
group A (N = 25) conducted the horticul-
tural task (transplanting plants), whereas
group B (N = 25) performed the control
task. On the second day, the groups switched
tasks.

Measurements. First, the subjects were
administered pretest questionnaires, which
included their age, weight, and height. After
the subjects completed the pretest question-
naires, a Mind Wave EEG headset was
attached to the subjects’ heads and the sub-
jects were then moved to the experimental
room. After resting for 5 min, each subject’s
blood pressure was measured, and they then

performed the given tasks for 15 min. The
subjects’ EEGs were continuously measured
using a NeuroSky Mind Wave EEG headset
for 15 min during each activity. The headset
records brainwaves from the Fp1 position
above the eye. The headset consists of
four essential parts: 1) a headband, 2) an
ear clip, 3) a sensor arm that contains the
EEG electrode, and 4) a Bluetooth device
(Sa1abun, 2014). The headset receives
brainwave signals in the form of attention
and meditation (Crowley et al., 2010; Sa1a-
bun, 2014). Blood pressure data were
obtained before and after the experiment
using a sphygmomanometer (Omron HEM-
7011, Omron, China), and at the end of the

Fig. 1. Photographs of experimental procedures: (A) a subject completing a questionnaire form; (B) pre-
blood pressure measurement; (C) a subject performing the control task; (D) blood pressure
measurement after the control task; (E–G) a subject transplanting indoor plants; (H) blood pressure
measurement after transplanting indoor plants.

Fig. 2. Comparison of blood pressure values after the transplanting and control tasks. N = 50; mean ± SD;
*P < 0.05; paired t test.

HORTSCIENCE VOL. 53(1) JANUARY 2018 105

MISCELLANEOUS
D

ow
nloaded from

 https://prim
e-pdf-w

aterm
ark.prim

e-prod.pubfactory.com
/ at 2025-10-30 via free access



experiment, the subjects completed the psy-
chological questionnaires.

Data analysis. The brainwaves (high al-
pha and high beta) and the meditation scores,
which were collected at 1-min intervals for
each experimental task, were compared based
on an average of 15 min. According to the e-
Sense Metric, the attention and meditation data
were scaled from 1 to 100 (40–60, natural state;
60–80, slightly high; 80–100, very high; 20–40
slightly low; and 0–20, very low) (Sa1abun,
2014; Sezer et al., 2017). The eSense Attention
meter measured the intensity of each partici-
pant’s level of mental ‘‘attention’’ or ‘‘focus’’ to
determine the level of concentration, whereas
the eSense Meditation meter recorded the
active mental processes within the brain and
indicated the intensity of each participant’s

level of mental ‘‘relaxation’’ or ‘‘calmness.’’ The
STAI (Hidanoet al., 2000) and theSDM(Suci and
Tannenbaum, 1957) were both used to control the
psychological responses after each task.

Statistical analysis. Statistical analyses
were performed using SPSS 16.0 (SPSS
Inc., Chicago, IL). A paired t test was used
to analyze the mean values of the physiolog-
ical data, and the threshold for statistical
significance was set at P < 0.05. A Wilcoxon
signed-rank test was used to analyze the
mean values of the psychological data, with
significance set at P < 0.01.

Results

We confirmed that significant differences
in blood pressure occurred between the two

groups. The participants’ systolic and di-
astolic blood pressure values (mmHg) signif-
icantly decreased after the transplanting task
compared with those measured after the
control task. In addition, no significant
changes were observed in the pulse rate
(Fig. 2). The subjects presented greater fluc-
tuations in brainwave patterns (high alpha
and high beta) after the transplanting task
than after the control task. In the 1-min
analysis, most of the alpha (power units)
values increased during the transplanting task
compared with those measured during the
control task (Fig. 3A). The mean alpha
(power units) over the entire transplanting
task significantly increased compared with
that observed during the control task (plant,
28,873.7; mobile, 23,000.4;P < 0.05, Fig. 3B).

Fig. 3. One-minute averages and the overall mean high-alphawave (power units) values during the transplanting and control tasks. (A) Change in each 1-min high-
alpha wave (power units) value; (B) overall mean high-alpha wave (power units) values. N = 50; mean ± SD; *P < 0.05; paired t test.

Fig. 4. One-minute averages and the overall mean high-beta wave (power units) values during the transplanting and control tasks. (A) Change in each 1-min beta
wave (power units) value; (B) overall mean high-beta wave (power units) values. N = 50; mean ± SD; *P < 0.05; paired t test.
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Similarly, in the 1-min analysis, most of the
beta (power units) values increased during
the transplanting task compared with those
measured during the control task (Fig. 4A).
The mean beta (power units) over the entire
transplanting task significantly increased
compared with that of the control task (plant,
21,234.2; mobile, 16,589.7; P < 0.05;
Fig. 4B). The participants’ mean meditation
(relaxation) scores were also different after
the two tasks. The NeuroSky MindWave
EEG headset indicated that the participants’
mean relaxation level significantly increased
after the transplanting task compared with
that after the control task (plant, 50.5 ± 10.12;
control, 38.93 ± 11.68, P < 0.002, Fig. 5).
From Fig. 5, we can see that when the
participants performed the horticultural ac-
tivity, their relaxation level increased, which
suggests that the participants were happy and
relaxed. However, in the control group, the
relaxation level decreased, suggesting that
the participants may have felt bored or
stressed. The SDM and STAI questionnaires,
which were completed after both tasks,
showed differences between the two envi-
ronments. The participants’ mean anxiety
scores significantly decreased after the trans-
planting task compared with those after the
control task (plant, 33.3; control, 38.2; P
< 0.01; Fig. 6). Moreover, the participants
felt more relaxed, comfortable, and natural
after performing the transplanting task than
after the control task (P < 0.01, Fig. 7).

Discussion

We investigated the stress-reducing ef-
fects of 15-min horticultural activity by
analyzing the physiological and psycholog-
ical responses of the participants. Based on
the earlier findings, the blood pressure
measurements of the participants were sig-
nificantly reduced during the transplanting
task compared with those obtained during
the control task. Similar results were ob-
tained from a previous study in which
participants transplanted indoor plants
(Lee et al., 2015). The human brain consists
of the sympathetic and parasympathetic
nervous systems, and both systems control
human activities continuously. The sympa-
thetic nervous system is involved in emo-
tional activities, such as galvanic skin
responses and heart rate, and controls in-
creases in blood pressure, whereas the
parasympathetic nervous system is associ-
ated with decreases in blood pressure (Li
et al., 2012). The EEG scan represents
a new scientific approach for monitoring
human stress and shows variations in stan-
dard brain wave patterns caused by external
environments (Jing and Takigawa, 2000).
The results of the participants’ high-alpha
and high-beta brainwaves indicated a posi-
tive impact of plants on mental stress,
which decreased when a person was exposed
to a stressor. The participants’ higher alpha
waves indicated a stress-reducing effect after
15 min of the transplanting task. Thus, the
increase in alpha waves in the transplantation

Fig. 5. Subjects’ overall mean meditation scores after the transplanting and control tasks. N = 50; mean ±
SD; **P < 0.05; paired t test.

Fig. 6. Comparison of participants’ State-Trait Anxiety Inventory scores between the transplanting and
control tasks. N = 50; mean ± SD; **P < 0.01, Wilcoxon signed-rank test.

Fig. 7. Comparison of subjects’ scores for ‘‘comfortable,’’ ‘‘natural,’’ and ‘‘relaxed’’ between the
transplanting and control tasks according to the semantic differential method. N = 50; mean ± SD;
*P < 0.01, Wilcoxon signed-rank test.
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group indicated that relaxation increased
during this task (Basxar, 2012; Neuper and
Pfurtscheller, 2001), ‘‘whereas’’ the lower
alpha waves in the control group indicated
that the participants experienced stress dur-
ing this task. Alpha waves are associated with
a reduction in stress and an increased ability
to recall memories (Nomura et al., 2006;
Williams, 2001; Williams et al., 2006). An-
tianxiety medication such as benzodiazepine
also reduces alpha activity (Puri et al., 2013).
It is interesting to note that horticultural
activity has demonstrated similar effects as
anxiolytic medications. Previous studies
have reported that alpha waves are linked to
relaxed wakefulness (Klemm, 1966). In ad-
dition, increases in theta and alpha power are
observed in relaxation (Jacobs and Friedman,
2004; Lagopoulos et al., 2009; Stigsby et al.,
1981; Tebetcis, 1975). Studies have reported
that alpha power increases when there is
a feeling of happiness. In contrast, alpha
power decreases when there is a feeling of
sadness (Kostyunina and Kulikov, 1996).
‘‘Interestingly, humans begin producing al-
pha waves immediately before falling asleep
and after waking in the morning’’ (Hobson,
1969). Certain plants, such as cannabis, also
affect alpha brainwaves, which is why can-
nabis users adversely produce alpha waves
(Struve et al., 2003). Similarly, the partici-
pants’ beta wave activity was enhanced after
15 min during the transplanting task. This
finding indicates that relaxation and the
concentration level of the transplantation
group increased, and their mental acuity
was higher than that of the control group.
An increase in beta power during relaxation
has been reported (Vijayalakshmi et al.,
2010). Beta waves are usually associated
with strong emotions, such as excitement,
attention, and concentration (Neuper and
Pfurtscheller, 2001). Heightened mental acu-
ity and concentration have been observed as
cases of higher beta waves (Neuper and
Pfurtscheller, 2001). Moreover, low beta
wave activity can cause considerable emo-
tional swings (insomnia) (Hauri, 1981). Beta
waves dominate when focus is directed to-
ward mental tasks and during an alert. In
contrast, beta waves decrease during drows-
iness (Lee et al., 2014). Beta waves naturally
appear during various tasks, such as engaging
in deep conversations, playing sports, listen-
ing to speeches, and attending lectures in
a classroom (Cavanna and Trimble, 2006).
The participants’ SDM and STAI results also
indicated that their interactions with plants
had positive effects on mental stress and that
the control task had a negative effect on
mental stress.

Conclusion

Our study provides scientific evidence
that contact with plants rather than perform-
ing mental tasks can minimize psychologi-
cal and physiological stress by lowering
blood pressure, increasing comfort, creating
a ‘‘natural environment,’’ and promoting
relaxation, and may also lead to lower

anxiety. However, there are a few limita-
tions of this study; for example, our partic-
ipant group was limited to young male and
female university students; more diversified
groups with different plants, nationalities,
and methodologies should be tested in the
future.
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