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Abstract

The current study evaluated the therapeutic effects of horticultural activities on psychological, physiological, and functional out-
comes across from diferent populations. In this experiment, participants performing horticultural activities with natural ornamental plants 

2; p<0.01) and beta wave activity (artificial, 
19093.08 uV2; natural, 28962.9 uV2; p<0.01), indicating improved relaxation and decreased stress levels compared to those using artificial 
plants. Systolic and diastolic blood pressure decreased significantly. Significant differences were observed in post systolic (artificial, 122.7 
mm Hg; natural, 117.4mm Hg; p<0.05) and diastolic blood pressure (artificial, 80.39 mm Hg; natural, 78.83 mm Hg; p<0.05) between con-
ditions after the session. Anxiety levels, assessed by the State-Trait Anxiety Inventory (STAI) showed that participants who interacted with 
natural plants demonstrated a substantial decrease in State-Trait Anxiety Inventory (STAI) following the activity (artificial, 45.16; natural, 
40.24; p<0.05). It can be concluded from present study that horticultural therapy has shown consistent positive effects on psychological, 
physiological, and functional outcomes, making it a simple and accessible complement to conventional healthcare.

Keywords: Horticultural therapy, Nature-based intervention, Mental health, Stress management, Anxiety reduction, Cardiovascular re-
sponses

Introduction
Horticultural therapy is the practice of engaging in horticultural activities while being supervised by a qualified horticulture 

therapist to achieve certain goals as part of a predefined treatment, rehabilitation, or career plan (Guglielmetti and Menicucci, 2021). 
Horticulture therapy engages several senses via the appearance, color, posture, and aroma of plants. Observing plants and/or nature 
has been found to be a tremendously enjoyable distraction that may boost positive feelings, block or reduce anxious thoughts, provide 
enough involuntary attention, and assist in stress recovery. Self-esteem is enhanced through the repetition of these interactions, which 
is achieved through the acquisition of additional knowledge and skills (Kang and Kang, 2021).

Additionally, plant observation can facilitate creative expression and exhibit emotional effects (Whear, et al. 2014, Kang and 
Kang, 2021). Providing students with opportunities for social interaction may help them develop the ability to effectively communicate, 
divide tasks, and coordinate. Interventions in horticulture that are established on plants can enhance cognitive, psychological, emo-
tional, and physical well-being (Park, et al. 2020).

demonstrated a significant increase in high alpha (artificial, 25572.02 uV; natural, 33273.85 uV2
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Horticultural therapy is being implemented on a global scale. It integrates approaches derived from the fields of psychology, 
education, vocational rehabilitation, therapeutic recreation, and social work (Sarancha, et al. 2022). Anxiety is more prevalent among 
patients with mental illnesses. Horticultural treatment was compared to standard care in a four-week randomized trial for anxiety 
assessment in adult mental inpatients (Joubert, et al. 2024). Two groups experimental and control were randomly assigned to six units 
of 211 patients. Horticulture therapy significantly reduced anxiety in comparison to the standard treatment over a four-week period 
(Tao, 2020). It has been demonstrated to benefit males with chronic depression through the following mechanisms: enhancement of 
organizational function, amelioration of mental symptoms, and improvement of memory (Najjar, et al. 2018).

Spending leisure time among real, eye-catching plants can have calming psychophysiological benefits. A study was performed 
on two groups of participants, one working with artificial ornamental plants and another performing horticultural tasks with decora-
tive plants. Fifty Chinese ladies too part in this study. Blood pressure and Electroencephalogram (EEG) were utilized to identify phys-
iological reactions (Müller-Putz, 2015), while State-Trait Anxiety Inventory (STAI) was employed to evaluate psychological responses. 
The State-Trait Anxiety Inventory (STAI) results showed that after the horticultural exercise, respondents felt less anxious than after the 
control activity (Hassan, et al. 2019). In another study the effects of horticulture activities and cell phone were assessed. Results showed 
that individuals experienced a greater sense of comfort and ease after plant transplantation. The mean values of total alpha and beta 
waves in the participants increased during the transplantation task; however, they decreased after using mobile phone (Hassan, et al. 
2018).

Diverse hypotheses have been proposed to elucidate the effect of horticultural procedure on cognitive functioning. As per the 
attention restoration theory (Moore, 2007), individuals can de-stress and rapidly regain their ability to concentrate by observing natu-
ral environments and vegetation. Horticultural treatment has been found to foster feelings of empowerment, control, and cooperation 
in patients who are undergoing cognitive stress, as supported by the trauma recovery theory (Kenmochi, et al. 2019). Horticultural 
intervention enhances cognitive abilities and memory retrieval through the stimulation of the gustatory and olfactory systems (Lee, 
et al. 2018). As stated previously, horticultural therapy enhances cognitive function, memory, concentration, and a sense of agency.

Materials and Methods

Sample selection criteria

Participants were recruited into the study after meeting the inclusion and exclusion criteria.

Inclusion criteria: (1) Both male and female participants; (2) School going children (aged 11-15); (3) College teenagers (aged 16-19); 
(4) University students (aged 20-24); (5) Uneducated individuals (aged 20-24); (6) Ability to perform horticultural activities

Exclusion criteria: (1) Unable to perform horticulture activities; (2) Any other systemic illness; (3) Not willing to participate in 
the study

Experiment: Cognitive and physiological responses to horticultural activities with real and artificial ornamental plants

Sixty male and female participants took part in this study which will be divided into three categories of twenty individuals each: 
(1) College teenagers (aged 16-19); (2) University students (aged 20-24) from the University of Agriculture, Faisalabad (UAF); (3) Unedu-
cated individuals (aged 20-24)

The experiments were performed in Pro Health Rehab and Medical Center. Prior to the experiments, the participants were fully 
informed of the methods of this study, and written informed consent will be obtained. All the participants were randomly divided 
into two groups, balancing the three categories within each group. Group A performed horticultural activity using fresh flower ar-
rangements (Chrysanthemum, Gerbera, Gladiolus, sunflower, roses, asparagus fern), aroma therapy (tuberose, roses, essential oil diffuser 
using jasmine and rosemary oil), transplanting real ornamental plants (money plant, snake plant, Syngonium, Excoeria) and group B 
performed the control activity using artificial flower arrangement. Both activities will be performed three times in a seated position 
for 20 min after one week interval.

Measurements

An Electroencephalogram (EEG) was attached to each participant’s head. Each participant rested for 5 min, then completed 
their assigned task for 20 min. Electroencephalogram (EEG) data was recorded continuously at 2-min intervals, and 20 min averages 
of high alpha and high beta waves (uV2) used to assess attention and relaxation levels. Blood pressure (mmHg) and Pulse rate (bpm) 
were recorded both before and after the tasks using a digital blood pressure device. Psychological responses were assessed using the 
State-Trait Anxiety Inventory (STAI), which evaluates transient anxiety states (Tab. 1).
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Table 1. Structure of State-Trait Anxiety Inventory (STAI) questionnaire used for psychological assessment

Statement Not at all Somewhat Moderately so Very much so

I feel calm 1 2 3 4

I feel secure 1 2 3 4

I am tense 1 2 3 4

I feel strained 1 2 3 4

I feel at ease 1 2 3 4

I feel upset 1 2 3 4

I am presently worrying 
over possible misfortunes 1 2 3 4

I feel satisfied 1 2 3 4

I feel frightened 1 2 3 4

I feel comfortable 1 2 3 4

I feel self-confident 1 2 3 4

I feel nervous 1 2 3 4

I feel frightened 1 2 3 4

I feel comfortable 1 2 3 4

I feel self-confident 1 2 3 4

I feel nervous 1 2 3 4

I am jittery 1 2 3 4

I feel indecisive 1 2 3 4

I am relaxed 1 2 3 4

I feel content 1 2 3 4

I am worried. 1 2 3 4

I feel confused 1 2 3 4

I feel steady 1 2 3 4

I feel pleasant 1 2 3 4

Statistical analysis

Data was analyzed using independent and paired-sample t-tests to evaluate between and between-group differences across 
time. Statistical significance was set at p<0.05 (Emerson, 2017).
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Results

Physiological responses (Blood pressure)

 Blood pressure of the participants was measured before and after the horticulture therapy. Systolic and diastolic blood pres-
sure showed non-significant differences before flower basket-making activity using real or artificial ornamental flowering plants. As 
presented in Fig. 1, p value was 0.234 which is above the standard cutoff (0.05), meaning there is no statistically significant difference 
in pre-systolic Blood Pressure (BP) between natural vs. artificial flower conditions (artificial, 121.38; natural, 121.38; P>0.05). Fig. 2 is 
showing distribution of Pre-Systolic BP Difference. The distribution is centered near zero but skewed slightly to the right (some people 
had notably higher Blood Pressure (BP) in group A which were exposed to natural flowers. Similar trend was observed for pre-diastolic 
Blood Pressure (BP) (artificial, 79.10; natural, 78.80; P>0.05) as presented in Figs. 3 and 4. Thus, most participants showed small but 
non-significant differences in Blood Pressure (BP) between natural and artificial conditions. Some people had slightly lower BP with 
natural flowers, others had slightly higher, but overall, the average effect was very close to zero.

Figure 1. Comparison of pre intervention systolic blood pressure between participants exposed to natural plants and those exposed to artificial 
plants. Pre-intervention values showed statistically non-significant difference (p>0.05).

Figure 2. Histogram shows the distribution of within-subject differences (natural-artificial). X-axis represents the difference in pre intervention 
systolic BP (mmHg) while y-axis shows the frequency of participants with that difference.
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Figure 3. Comparison of pre intervention diastolic blood pressure between participants exposed to natural plants and those exposed to artificial 
plants. Pre-intervention values showed statistically non-significant difference (p>0.05).

Figure 4. Histogram showing the distribution of within-subject differences (natural-artificial). X-axis represents the difference in pre intervention 
diastolic BP (mmHg) while y-axis shows frequency of participants with that difference.

Participants who engaged in horticultural activities demonstrated a noticeable improvement in physiological indicators, par-
ticularly in terms of blood pressure. Specifically, individuals in Group A (exposed to real ornamental plants) exhibited a significant 
reduction in both systolic and diastolic blood pressure after completing the horticultural session (post systolic, -3.86; post diastolic, 
-2.98). In contrast, Group B participants, who interacted with artificial plants, displayed only marginal or negligible changes in their 
blood pressure readings (post systolic, 1.39; post diastolic, 1.3). In some cases, slight increases in post-activity readings were also noted, 
suggesting the artificial plants did not evoke the same calming physiological effects.

As shown in Figs. 5 and 7, p-value < 0.001, indicating a statistically significant difference in post systolic (artificial, 122.7; nat-
ural, 117.4; P<0.05) and diastolic BP (artificial, 80.39; natural, 78.83; P<0.05) between conditions after the session. Most lines slope 
downward from artificial to natural, showing that most individuals had lower post BP with natural activities. The clustered bar charts 
illustrate that the HT group began with values resembling those of the artificial plant group yet showed a much larger decrease after 
exposure to real plants (Figs. 6 and 8). In group A, post-intervention systolic values were substantially lower than baseline levels and di-
astolic reading that the same slope downward. For Group B, the pre- and post-intervention bars are virtually indistinguishable. Statis-
tical evidence is reinforced by the visual delineation of groups which make it apparent that the blood pressure reduction is attributable 
to real plant exposure and not simply passage of time or engagement in a task.
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Figure 5. Comparison of post intervention systolic blood pressure between participants exposed to natural plants and those exposed to artifi-
cial plants. Post-intervention values showed statistically significant difference (p<0.001).

Figure 6. Histogram showing the distribution of within-subject differences (natural-artificial). X-axis represents the difference in post interven-
tion systolic BP (mmHg) while y-axis shows frequency of participants with that difference.

Figure 7. Comparison of post intervention diastolic blood pressure between participants exposed to natural plants and those exposed to artifi-
cial plants. Post-intervention values showed statistically significant difference (p<0.001).
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Figure 8. Histogram showing the distribution of within-subject differences (natural-artificial). X-axis represents the difference in post interven-
tion diastolic BP (mmHg) while y-axis is showing frequency of participants with that difference.

The two groups are also specifically separated by the way their post-intervention values differ, with a large gap for both systolic and 
diastolic effects. The HT group consistently progressed towards healthier ranges, illustrating enhanced autonomic regulation; the ar-
tificial plant group maintained higher post-session blood pressure with some individuals exhibiting a slight increase. The significant 
discrepancy between groups demonstrates that interaction with real plants gives restorative input other than typical stimulus and 
boons of psychosomatic reaction in form of parasympathetic nervous system responses including cardiovascular recovery. These find-
ings are compounded with statistical testing (p<0.001) making them compelling evidence that horticultural therapy through natural 
plants helps decrease physiological stress markers.

Cognitive responses (Electroencephalogram (EEG) alpha and beta wave activity)

Electroencephalogram (EEG) analysis focused on high alpha and high beta wave activity recorded during the task revealed 
marked differences between the two groups. In Group A, high-alpha wave activity showed a general increase over the 20-minute ses-
sion, as shown in Figs. 9 to 18. The progressive enhancement implies that extended interaction with natural plants produced a state of 
calm alertness and attentional preparedness, congruent with neural indicators of relaxation and mindfulness.

Figure 9. EEG high-alpha activity (Mean ± SE) at minute 2 during horticultural therapy with natural versus artificial plants. Note: G high-alpha 
activity (Mean ± SE) at minute 2 during horticultural therapy with natural versus artificial plants.
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Figure 10. EEG high-alpha activity (Mean ± SE) at minute 4 during horticultural therapy with natural versus artificial plants.

Figure 11. EEG high-alpha activity (Mean ± SE) at minute 6 during horticultural therapy with natural versus artificial plants.

Figure 12. EEG high-alpha activity (Mean ± SE) at minute 2 during horticultural therapy with natural versus artificial plants. Note: G high-alpha 
activity (Mean ± SE) at minute 2 during horticultural therapy with natural versus artificial plants.
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Figure 13. EEG high-alpha activity (Mean ± SE) at minute 10 during horticultural therapy with natural versus artificial plants.

Figure 14. EEG high-alpha activity (Mean ± SE) at minute 12 during horticultural therapy with natural versus artificial plants.

Figure 15. EEG high-alpha activity (Mean ± SE) at minute 14 during horticultural therapy with natural versus artificial plants.
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Figure 16. EEG high-alpha activity (Mean ± SE) at minute 16 during horticultural therapy with natural versus artificial plants.

Figure 17. EEG high-alpha activity (Mean ± SE) at minute 18 during horticultural therapy with natural versus artificial plants.

Figure 18. EEG high-alpha activity (Mean ± SE) at minute 20 during horticultural therapy with natural versus artificial plants.
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Figure 19. Overall mean high-alpha wave (power units) values during artificial versus natural tasks N=60.

Group B, on the other hand, showed relatively smaller alpha amplitudes throughout the session, with little variation and no 
clear temporal pattern. The overall average high-alpha activity also supported this differentiation, with Group A showing significantly 
higher mean values than Group B (artificial, 25572.02; natural, 33273.85; P<0.05). These results suggest that exposure to natural plants 
may facilitate and enhance restorative neurophysiological processes, whereas artificial plants do not produce comparable neurophys-
iological benefits.

High alpha wave activity recorded during last one minute of task showed significant differences between the two groups (Fig. 
18). Participants who participated in real horticultural activity (Group A) had significantly higher high alpha wave activity (artificial, 
25572.02; natural, 33273.85; P<0.05). This readout suggests a mental state that is dispassionate, yet attentive, a normal condition of 
diminished stress and increased awareness. In contrast, the beta waves of the Group B participants who worked with artificial plants 
were either inconsistent or minimally fluctuating, and they showed less alpha activity. These patterns indicate that the cognitive arous-
al or mental calmness evoked by artificial plants may not be the same.

It was seen in high-beta activity shown in Figs. 20-29 that showed complementary patterns. Finally, Group A participants 
showed moderate-to-high beta activity, peaking at 10-16 minutes in the middle of the session, followed by stabilization at high levels. 
This trajectory reflects sustained attentional engagement and cognitive arousal as participants interacted with the plants through 
tactile, visual and sensory cues. In contrast, Group B displayed reduced and unstable beta amplitudes that decreased in some individ-
uals toward the end of the session. These irregular patterns indicate worse attentional control and less cognitive stimulation for the 
artificial plant condition. Average beta activity was significantly higher in Group A, underscoring the cognitive richness of natural mul-
tisensory engagement versus the limited stimulation of artificial alternatives (artificial, 19093.08; natural, 28962.9; P<0.05) (Fig. 30).

Figure 20. EEG beta-alpha activity (Mean ± SE) at minute 2 during horticultural therapy with natural versus artificial plants.
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Figure 21. Electroencephalography (EEG) high-beta activity (Mean ± SE) at minute 2 during horticultural therapy with natural versus artificial 
plants.

Figure 22. Electroencephalography (EEG) beta-alpha activity (Mean ± SE) at minute 6 during horticultural therapy with natural versus artificial 
plants.

Figure 23. Electroencephalography (EEG) beta-alpha activity (Mean ± SE) at minute 8 during horticultural therapy with natural versus artificial 
plants.
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Figure 24. EEG beta-alpha activity (Mean ± SE) at minute 10 during horticultural therapy with natural versus artificial plants.

Figure 25. EEG beta-alpha activity (Mean ± SE) at minute 12 during horticultural therapy with natural versus artificial plants.

Figure 26. EEG beta-alpha activity (Mean ± SE) at minute 14 during horticultural therapy with natural versus artificial plants.
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Figure 27. EEG beta-alpha activity (Mean ± SE) at minute 16 during horticultural therapy with natural versus artificial plants.

Figure 28. EEG beta-alpha activity (Mean ± SE) at minute 18 during horticultural therapy with natural versus artificial plants.

Figure 28. Overall mean high-beta wave (power units) values during natural versus artificial tasks N=60.
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Figure 29. Overall mean high-beta wave (power units) values during natural versus artificial tasks N=60.

Figure 30. Overall mean high-beta wave (power units) values during natural versus artificial tasks N=60.

The increase in both high-alpha and high-beta activities collectively in Group A suggests the unique neurophysiological effects 
of horticultural therapy with real plants.

Psychological responses (State-Trait Anxiety Inventory-STAI scores)

The psychological impact of horticultural activities was first assessed using the State-Trait Anxiety Inventory (STAI). Partici-
pants who interacted with real plants (Group A) demonstrated a substantial decrease in state anxiety following the activity as presented 
in Fig. 31 (artificial, 45.16; natural, 40.24; P<0.05). Conversely, Group B participants who were exposed to artificial plants showed small 
improvements in STAI scores, often remaining in the 45 to 48 range, indicating limited psychological benefits. The difference between 
the two groups in reduction of anxiety highlights the psychological benefits of interacting with living plant material. The decrease in 
anxiety in Group A may have been due to the sensory rich and calming effects of real plants, offering a meditative and grounding expe-
rience during the task. Artificial plants did not have such multisensory cues and did not produce a similar response.
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Figure 31. Comparison of the participants’ State-Trait Anxiety Inventory (STAI) scores between the horticultural and control activities. N=60.

In addition to these findings, Fig. 32 shows the scores for meditation (natural 55; artificial 38; P<0.05). The scores for partic-
ipants in Group A were higher and more constant throughout the 15-minute activity period with minimal fluctuation between the 
scores, demonstrating that participants in this group were psychologically immersed in the activity throughout the session and were 
in a calm, mindful state. The scores for participants in Group B were lower and varied greatly throughout the session, often dropping to 
scores that indicated that the participants had become distracted from the activity. The average scores for the two groups also demon-
strated that scores for participants who had experienced real plants were higher than for those who experienced artificial plants. This, 
in conjunction with the decline in STAI anxiety scores and the increase in scores for the state of psychological immersion/meditation 
for participants in the natural plant group, provide further evidence that horticultural activities can reduce stress and promote psycho-
logical states that are conducive to feelings of well-being and recovery.

Figure 32. Meditation scores (Mean ± SE) averaged across the session for natural versus artificial plant conditions. Natural plant exposure 

resulted in higher and more stable meditation scores, reflecting deeper psychological immersion and mindfulness.

Though modest in scope, experiment reveals a clear pattern: Contact with live ornamental plants during gardening tasks sup-
ports better bodily control, sharper thinking, and less emotional strain. Lower blood pressure emerged among individuals tending 
actual greenery, along with stronger Electroencephalogram (EEG) signals tied to alertness and calm-alpha and beta rhythms rose 
noticeably. Meanwhile, reports of nervous tension dropped quite sharply for this group. On the flip side, people handling synthetic 
versions saw only minor shifts, if any, on these measures. Not one indicator showed equal strength in the faux-plant condition. Taken 
together, the data point toward something subtle yet meaningful-the presence of living vegetation may uniquely aid health. Real plants 
appear to matter, not just activity alone. This evidence backs including authentic botanical experiences in approaches designed to ease 
stress and improve daily functioning.
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Discussion

Stress-related conditions are becoming more common in today's world, pushing researchers to explore drug-free ways to boost 
both mental and physical health. Plant-focused activities designed with clear goals-known as horticultural therapy-are gaining recog-
nition through scientific study, fitting within broader findings about nature’s healing role (Boyd, et al. 2024). Evidence shows contact 
with live plants may calm the nervous system, lower levels of cortisol, even stabilize heart rate and blood pressure (Khurana, 2025. Xie, 
et al. 2025).

Results from the study show clear support for health gains when people work directly with live decorative plants during garden-
ing tasks-effects that fit well with ideas behind biophilic architecture and therapy rooted in nature contact (Tutova, et al. 2025). It turns 
out those around living greenery had notably lower systolic and diastolic readings, a sign the body shifts toward rest mode, calming 
heart activity. Earlier studies back this up: Being near natural elements, even indoors, helps balance automatic bodily functions while 
reducing stress signals (Scott, et al. 2021, Brown, et al. 2013). What sets real plants apart might lie in how they engage multiple senses 
at once-something fake versions fail to deliver, possibly explaining stronger outcomes in Group A. Not every look-alike tricks the body 
into calming down. Earlier studies found nature-like inputs-especially those hitting sight, sound, or touch-tend to deepen recovery 
while lowering physical signs of stress (Hao, 2025, Yin, et al. 2020). Group B, exposed to fake greenery, showed no such shifts, hinting 
that mere visual mimicry fails to spark real bodily response.

Alpha and beta brainwave shifts emerged more clearly when people interacted with live greenery, according to Electroenceph-
alogram (EEG) results. A rise in high-alpha waves-often seen during calm wakefulness-points toward a mind at ease yet ready to re-
spond. Beta wave increases happened at the same time, signaling sharper focus and active thinking. This mix hints that nature doesn’t 
just soothe-it also keeps the brain involved. From an emotional standpoint, being around actual plants is linked strongly to lower 
momentary stress levels. These drops were captured using standard anxiety questionnaires designed to measure temporary nervous 
states. Lower scores in Group A align with prior findings-natural environments help reduce sudden mental strain while lifting mood 
(Donelli, et al. 2023, Hassan and Deshun, 2023). Artificial greenery brought no such benefit, indicating sight alone falls short of deliv-
ering what real plants offer. Though present visually, fake plants lack the qualities needed to trigger comparable emotional recovery.

Conclusion

The study assessed the therapeutic effects of horticultural activities through this controlled experiment with varied populations. 
Participants using natural ornamental plants experienced increased high alpha and beta wave activity, indicating improved relaxation. 
Significant reductions in systolic blood pressure and diastolic blood pressure were observed in the natural group compared to arti-
ficial plants. Anxiety levels, measured by the State-Trait Anxiety Inventory (STAI), decreased notably in the natural plants group. The 
findings support horticultural therapy as a beneficial, accessible complement to conventional healthcare for enhancing psychological, 
physiological, and functional outcomes.
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