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ABSTRACT

Background and objective: Agro—healing activities often present accessibility challenges for people with physical
disabilities (PWPs) and vertical farms may provide a potential solution. However, there are limited empirical data regarding
PWPs’ activities in vertical farms. This study, which comprised two studies, investigated upper limb muscle activation
using electromyography (1) during vertical farming activities and (2) during these activities using universal assistive tools.
Methods: Surface electromyographic activity of the left and right anterior deltoid, biceps brachii, brachioradialis, and flexor
carpi ulnaris was recorded in 22 adults with paraplegia during five vertical farming tasks: sowing seeds, transplanting
seedlings, transplanting developed plants (mature seedlings), harvesting, and selecting and packaging. (2) In a separate
study, the same muscles were measured in 27 adults with paraplegia while performing three tasks—soaking seeding
plates, sowing, and transplanting developed plants —using both traditional methods and task-specific assistive tools.
Results: In all activities, activation of the left and right anterior deltoid was significantly higher than that of all other muscles
(p < .05). During harvesting, activation of the left and right flexor carpi ulnaris was significantly higher compared to other
activities (0{ .05). (2) The use of assistive tools led to significantly higher activation of the right biceps brachii during soaking
seeding plates, the left biceps brachii during sowing, and the right flexor carpi ulnaris during transplanting mature
seedlings, compared to traditional methods (o { .05).

Conclusion: Vertical farming activities predominantly involve movements that require ‘lifting” objects, which caused the use
of the anterior deltoid muscles. The use of the developed assistive tools can promote engagement of a broader range of
upper limb muscles, potentially preventing fatigue and promoting the physical and vocational rehabilitation of people with
paraplegia in the context of vertical smart farming.
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Introduction hampered by physical or mental disability over a long peri-
od of time.” Among this group, those who have major im-

According to the Act on Welfare of Persons with pairments in external physical functions or internal organs
Disabilities, a person with disabilities is defined as “a per- are classified as “persons with physical disabilities (hereinafter
son whose daily life or social activities are substantially ~ referred to as PWPs).” As of 2024, 1.15 million individuals
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aged 15 or older are registered as having physical dis-
abilities, accounting for 44.7% of the total population with
disabilities—the largest proportion among all disability
types. Their employment rate stands at 42.3%, which is
higher than the overall employment rate of persons with
disabilities (33.8%). However, the number of economically
inactive individuals among PWPs remains substantial, at
630,000, representing the largest share across disability cat-
egories (Korea Employment Agency for Persons with Disabilities,
2024). Despite these relatively higher employment levels,
PWPs continue to experience markedly lower labor-market
participation compared with the general population (63.3%),
underscoring the persistent need for comprehensive social
interventions, including expanded vocational training op-
portunities and strengthened employment support services
(Statistics Korea, 2024).

With the growing public interest in green environments,
perceptions of agro-healing (also known as care farming, so-
cial farming, green care farming, or farming for health) have
become increasingly positive (Kim et al., 2022). Numerous
studies have demonstrated the psychophysiological, cogni-
tive, and physical and rehabilitative effects benefits of
agro-healing (Oh et al., 2018; Park et al., 2014a; Park et
al., 2019; Lee and Park et al., 2018). However, these stud-
ies have all been conducted in outdoor agricultural settings.
Agro-healing has inherent limitations in that it requires
participants to travel to farms, adhere to seasonal con-
ditions, and engage in activities that utilize both upper and
lower limb muscles (Lee et al., 2018). For PWPs, particularly
those with impaired lower-limb function who rely on mobility
aids, access to outdoor farm settings and participation in
related activities remain considerably constrained.

In addition to conventional farms, production-focused
vertical farms that integrate modern engineering tech-
nologies are increasingly being utilized. A vertical farm
is a fully controlled, factory-style agricultural system in
which crops are cultivated within a multilayered indoor
structure using ICT technologies such as smart sensors and
LED artificial lighting control, thereby enabling precise
regulation of environmental factors and the continuous
maintenance of optimal crop-growth conditions (Lim et
al., 2020). Although vertical farms were originally devel-

oped for crop production, their controlled artificial envi-

ronments also offer promising potential as agro-healing
settings for PWPs. While some vertical farms have been
employed as a means of job creation, research on their
therapeutic effects within the context of agro-healing re-
mains insufficient.

Vertical farms have the potential to address accessibility
challenges faced by PWPs while simultaneously offering
a novel environment for agro-healing. Within such set-
tings, it is necessary to analyze the physical effects of agri-
cultural activities. When lower limb function is limited
due to physical disabilities, the roles originally performed
by the agonist muscles of the lower limbs tend to be com-
pensated for by the upper limbs through the activation of
compensatory muscles (Slowik et al., 2016). Since this
compensatory strategy often leads to excessive activation
of the trunk and upper limb muscles, as well as alterations
or reorganization of intermuscular coordination patterns,
it is important to understand upper extremity muscle acti-
vation patterns during task performance in PWPs. Previous
studies have also reported that changes in working con-
ditions or tools can influence not only the magnitude of
muscle activation but also its qualitative characteristics,
such as activation patterns, intermuscular distribution, and
co-activation strategies (Kharb et al., 2021). In particular,
the use of assistive devices or adjustments to the working
environment is known to induce a redistribution of phys-
ical workload, a reassignment of specific muscle roles, and
overall alterations in movement strategies.

Therefore, this study was organized into two sub-studies
to identify the basic patterns of upper limb muscle activa-
tion exhibited by PWPs during agricultural tasks in vertical
farms, and to examine how these patterns change depend-
ing on the use of assistive tools. Study 1 characterized the
overall patterns of muscle utilization for each agricultural
task by measuring the upper limb muscle activation of PWPs
while performing major agricultural tasks commonly un-
dertaken in vertical farms. In Study 2, the same agricul-
tural tasks were conducted under conditions involving the
use of assistive tools, thereby enabling a comparative anal-
ysis of how such aids affected the distribution and patterns
of muscle activation. Through this stepwise approach, this
study aimed to elucidate both the fundamental character-

istics of upper limb muscle activation among PWPs in ver-
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tical farm operations and the magnitude and nature of acti-

vation-pattern changes associated with assistive tool use.

Research Methods

Study 1

Participants

A total of 22 adults with physical disabilities, aged be-
tween 20 and 65 years, who used mobility aids due to
conditions such as hemiplegia or gait impairment, were re-
cruited for this study. Recruitment notices describing the
study were distributed to libraries and apartment complexes
in District G, as well as to disability organizations across
Seoul. To exclude potential confounding physical factors,
only individuals who were right-hand dominant, had no
upper limb impairments, and had no diagnosed mental dis-
orders were included. Demographic information including
age, sex, height, weight, and body mass index (measured
using the ioi 353; Jawon Medical, Gyeongsan-si, South
Korea) was collected. Participants received a 100,000 KRW
incentive for their participation. The study was approved
by the Institutional Review Board of Konkuk University
(IRB No. 7001355-202209-HR-586).

<Soaking seeding plate & Sowing seeds>

Experimental Environment

This study was conducted in a greenhouse at Konkuk
University within a designated experimental area measuring
220 x 160 cm. Participants were seated at a desk (180 x
90 x 90 cm) on a height-adjustable chair. For participants
who had difficulty transferring to the chair, the chair was
removed so that they could remain seated in their own mobi-
lity devices. The average temperature in the experimental
space was 24.7 + 3.8°C, and the relative humidity was
58.9 + 4.5%.

Experimental Protocol

At the time of the visit, all participants were provided
with a detailed explanation of the study and voluntarily
signed an informed consent form prior to participation.
Demographic information, including age, sex, height, and
body weight, was collected through a survey. Each partic-
ipant performed five agricultural tasks, with each task re-
peated three times. The five agricultural activities selected
for this study included pre-wetting the medium (soaking
seeding plates) and sowing; transplanting seedlings; trans-
planting developed plants (mature seedlings); harvesting;
and selecting and packaging. Detailed procedures for each
task are illustrated in Fig. 1 The selection of these activ-
ities was based on prior research analyzing agricultural

tasks commonly performed in vertical farming environ-

Grab seeding
plate with
both hands

Dip seeding
plate in water
and place down

Grab seed
container with
right hand and

place on left hand

With right hand, grab
one seed with tweezers
and sow seed in center

of seeding plate

Place down seed
container and
place arms at sides

<Transplanting sprouts>

Grab sprout with Place sprout in center Place arms at sides
right hand of seedling board

<Transplanting developed plants>

with right hand

Grab developed plant H

Place developed plant in
center of transplanting board

H Place arms at sides b

<Harvesting>

on cutting board bottom of lettuce

Grab lettuce with Grab kitchen knife with | | Put down knife and Place lettuce in
right hand and place right hand and cut off remove outer harvesting basket and

leaves of lettuce

place arms at sides

<Selecting & Packaging>

right hand than one’s hand

Grab 5 lettuce Select leaves Place selected
leaves with that are larger leaves in

packaging box

H Place arms at sides h

Fig. 1. Task order of agricultural activities(All activities begin and end with arms down at both sides).
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ments (Yoo et al., 2023), which largely categorized the
activities into six types: sowing, seedling cultivation, trans-
planting seedlings, transplanting developed plants, harvest-
ing and selecting/packaging, and cleaning. Such tasks are
considered to be relatively less burdensome for individuals
with gait disturbances or lower-limb impairments, as verti-
cal farming systems typically employ automated environ-
mental controls that minimize worker movement, enabling
most tasks to be performed at fixed worktables. In partic-
ular, the consistent height of cultivation shelves and workt-
ables allows these tasks to be conducted primarily from
a seated position or within a restricted range of motion,
further supporting accessibility for individuals with low-
er-limb functional limitations (Yoo et al., 2023). Among
the six classified activities, excluding seedling cultivation
and cleaning, four activities were selected for the analysis.
Harvesting and selecting/packaging were further divided,
resulting in five target activities for which upper-limb

muscle activity was assessed.

Measurement tools

A 16-channel surface electromyography (SEMG) system
(Telemyo 2400 MR-XP; Noraxon, Scottsdale, AZ, USA)
was used to measure muscle activity. SEMG electrodes
were attached to eight upper-limb muscles: the left and
right anterior deltoid, biceps brachii, brachioradialis, and
flexor carpi ulnaris (Fig. 2). The muscles included in this
study were selected based on a previous investigation by
Park (2000), which identified the muscles frequently en-
gaged during agricultural tasks. To standardize muscle activ-
ity, maximal voluntary contractions (MVCs) were measured

for each muscle.

Data Analysis

Demographic information was organized using Excel
(Microsoft Office 2016; Microsoft Corp., Redmond, WA,
USA). sSEMG data were processed with MyoResearch 3.16
(Noraxon, Scottsdale, AZ, USA). The recorded signals
were band-pass filtered between 20 and 400 Hz, rectified,
and smoothed to prepare the data for analysis. Subsequently,
the maximal muscle activation derived from the MVC data

was used to normalize the remaining SEMG data collected

Fig. 2. Sites of sEMG electrode attachment for each muscle
(1-Left anterior deltoid, 2- Right anterior deltoid, 3-Left
biceps brachii, 4-Right biceps brachii, 5-Left brachioradialis,
6-Right brachioradialis, 7-Left flexor carpi ulnaris, 8-Right
flexor carpi ulnaris). Electrode placement was visualized
using MyoResearch 3.16.

during agricultural tasks. Statistical analyses of demographic
and sEMG data were performed using SPSS 26.0 (IBM,
Armonk, NY, USA). Comparisons between different agri-
cultural tasks, as well as comparisons among muscles within
each task, were conducted using the Kruskal-Wallis test
(one-way ANOVA on ranks).

Study 2

Participants

An additional 30 individuals with physical disabilities,
aged between 20 and 65 years, who used mobility aids
due to hemiplegia or gait impairment and who did not par-
ticipate in Study 1, were recruited for this study. To mini-
mize potential physical confounders, only right-handed par-
ticipants with no upper-limb dysfunction were included.
Demographic information—including age, sex, height, weight,
and body mass index (BMI)—was collected. Each partic-
ipant received a compensation of 100,000 KRW for their
involvement. The study protocol was approved by the
Institutional Review Board (IRB) of Konkuk University
(IRB No. 7001355-202209-HR-586).

Experiment Environment

The experiment was conducted in the same environment

as in Study 1.
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Experiment Protocol

SEMG was recorded while participants performed three
agricultural activities—soaking seeding plates, sowing, and
transplanting developed plants—under both conventional
and assistive-tool conditions. Each activity was repeated
three times. These three tasks were selected for Study 2
based on findings from Study 1, which identified them
as activities that could be improved through the use of

assistive devices.

Agricultural Activity Assistive Tools

Assistive tools were developed to enable persons with
physical disabilities (PWPs) to perform the three agricultural
activities—soaking seeding plates, sowing, and transplanting
developed plants—more conveniently and accurately. A de-

tailed description of each tool is provided in Table 1.

Measurement tools

The same sEMG system used in Study 1 was employed,

targeting the same muscles and adhering to identical meas-

urement procedures. To identify the movements exhibiting
the highest muscle activation within each activity, five hor-
ticultural therapy experts and one motion-analysis special-
ist were consulted. Each activity was decomposed into a
series of sequential movements, which were visually
marked during measurement to ensure clear differentiation.
Based on these procedures, the conventional soaking seed-
ing-plate activity comprised three movements, whereas the
soaking—seeding plate activity performed with an assistive
tool comprised five movements. The conventional sowing
activity consisted of five movements, while sowing with
an assistive tool involved nine movements. The conven-
tional transplanting activity included five movements, and
the transplanting activity performed with an assistive tool
consisted of eight movements (Table 2). All visual markers
were recorded, and two assistants documented the timing

and revised or supplemented marker positions as necessary.

Data Analysis

Data were analyzed using the same procedures de-
scribed in Study 1.

Table 1. Images and descriptions of assistive tools for each agricultural activity

Assistive tool

Description

A submerged metal frame attached with a roller. The user grabs the handle with their right hand
and pushes the roller across the sponge plate, allowing the sponge to absorb water.

Sowing tool

A plastic plate with several plastic tubes attached to allow simultaneous sowing of seeds. The
user adds seeds to the top plate, detaches it and shakes it gently to ensure a seed fills every hole.
The user reattaches the top plate and presses a button on the left to disperse the seeds to each hole.

N

f

Transplanting tool

Consisted of a red divider and a blue tool to dig the soil, the user pushes the divider into the soil
and digs the soil out of each of the five holes by twisting the blue tool. The user then removes the
divider to make 5 evenly spread holes and places the crop(lettuce) plants into the holes.

Journal of People, Plants, and Environment Vol. 28, No. 6, 2025°899
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Table 2. Sequence of movements of each agricultural activity

Activity Type

Description

. Raise both arms onto soaking
Traditional
. Lower arms to sides

plate

. Press soaking plate into water with both hands

Soaking . Support tool with left hand

Assistance tool

. Lower arms to sides

. Grab the roller handle with right hand
. Push roller into soak plate and roll along to the left
. Pull roller back to original position

Traditional . Place seed into soaking plate

. Lower arms to sides

. Grab seed bowl with right hand
. Place seed bowl onto left hand and pinch one seed with right hand

. Put seed bowl back into original place

Sowi . Place seed bowl onto left hand
owing

Assistance tool
. Reattach top plate to tool

. Lower arms to sides

. Grab seed bowl with right hand

and grab spoon

. Place spoonful of seeds into top plate

. Return seed bowl and spoon into original place
. Remove top plate from tool with both hands
. Tilt top plate from left to right

. Press release button with left hand

. Grab shovel with right hand
. Dig 5 small holes
Traditional
. Transplant 5 lettuce plants
. Lower arms to sides

. Place shovel back to original place

Transplanting

Assistance tool Dig 5 holes with tool
. Remove red divider back and
. Transplant 5 lettuce plants

8. Lower arms to sides

1
2
3
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
6
7
8
9
1
2
3
4
5
1
2
3
4
5
6
7

. Grab red divider with both hands
. Place divider on soil and push into soil
. Grab blue tool with right hand

. Place blue tool into original place

place back in original place

Results and Discussion

Demographic information

In Study 1, a total of 22 participants were recruited,
comprising 16 females and 6 males. The mean age of par-
ticipants was 61.32 + 4.61 years. The average height, body
weight, and body mass index (BMI) were 151.92 + 8.11
cm, 56.60 + 7.76 kg, and 24.48 + 2.50 kg/m?, respectively.
In Study 2, 27 participants were recruited, including 21 fe-

males and 6 males. The mean age was 59.89 + 4.28 years.

Average height, body weight, and BMI were 152.10 +
13.97 cm, 54.78 + 9.71 kg, and 23.84 + 4.03 kg/m? re-
spectively, values that fall within the normal weight range
as defined by the U.S. Centers for Disease Control and
Prevention (Table 3).

Electromyography results

Table 4 presents the mean muscle activation levels by
agricultural task and muscle for Study 1. Across agricul-

tural activities, the bilateral anterior deltoids exhibited sig-
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Table 3. Demographic information

Age Height Weight BMI*
Mean + SD**

Total (N =22) 61.32+4.61 151.92 £8.11 56.60 £7.76 24.48 £2.50

Study 1 Male (n=6) 60.50 +5.24 160.17 £4.07 61.90 +3.68 24.13+1.32
Female (n=16) 61.63 +£4.50 148.83 +£7.01 54.61 +8.02 24.62+2.85

Total (N =27) 59.89 £4.28 152.10+13.97 54.78 £9.71 23.84+4.03

Study 2 Male (n=6) 59.00 +3.10 162.33 +6.28 55.58 £6.05 21.03+0.90
Female (n=21) 60.14 +4.60 149.18 + 14.27 54.55+£10.64 24.64 +4.23

* Body mass index, calculated by kg/m* ** standard differential

nificantly higher activation than all other muscles (p <
0.05), indicating that the anterior deltoid was the most ac-
tively engaged muscle throughout all task types. When
comparing muscle activation across agricultural activities,
the activation levels of the left anterior deltoid and the
biceps brachii differed significantly across the sequence
of tasks—sowing; transplanting seedlings and transplanting
developed plants; harvesting; and selecting and packaging
(p < .05). In addition, the right flexor carpi ulnaris showed
significantly greater activation during the harvesting task
compared with the transplanting seedlings, transplanting
developed plants, and selecting and packaging tasks (p < .05).
This elevated activation is likely attributable to the hand
motion involved in holding a knife and cutting lettuce stems
during harvesting.

The upper limb muscle activation results for Study 2
are presented in Table 5. Consistent with the findings of
Study 1, the bilateral anterior deltoids demonstrated sig-
nificantly higher activation levels than the other muscles
across all agricultural tasks, both under conventional meth-
ods and when assistive tools were used (p < 0.01). However,
significant differences in activation levels were identified
between the conventional and assistive tool methods with-
in each activity.

During the soaking seeding-plate task, muscle activation
on the left side—specifically the anterior deltoid and flexor
carpi ulnaris—was significantly higher with the conven-
tional method compared to the assistive-tool method (p < .05),
Conversely, when using the assistive tool, activation of
the right anterior deltoid, biceps brachii, and brachioradialis
was significantly greater (p < .001). These results are further

supported by the detailed movement comparisons presented

in Table 6. The use of the assistive tool required the oper-
ator to apply uniform pressure to the seeding plate by
pushing a roller with the right hand, thereby engaging the
right-side muscles more intensely. As a result, activation
of the right anterior deltoid and flexor carpi ulnaris was sig-
nificantly higher than that of other muscles during the roll-
er-pushing motion (p < .001) In contrast, in the conven-
tional method, pressure was applied directly by hand, ne-
cessitating activation of the flexor carpi ulnaris muscles
in both arms to maintain the required pressing force.

When comparing traditional sowing with tool-assisted
sowing, the assistive method resulted in significantly greater
activation of the left biceps brachii and all right-side mus-
cles than the conventional method (p < .05). As shown in
the detailed movement comparison in Table 6, these mus-
cles exhibited significantly higher activation during the de-
tachment and reattachment of the top plate of the seeder,
as well as when pressing the seeder's button (p < .05).

Finally, when comparing the conventional method with
the tool-assisted method during the transplanting of devel-
oped plants, activation of the right flexor carpi ulnaris was
significantly higher in the tool-assisted method than in the
conventional method (p < .05). This outcome is also sup-
ported by Table 6, which shows a significant difference
observed during the task of digging five holes (p < .001).
This difference can be attributed to the design principle
of the auxiliary tool, which requires rotational hand move-
ments with applied force, in contrast to the conventional
method that involves scooping soil using a traditional seed-
ling trowel.

According to the results of Study 1, the anterior deltoid

demonstrated the highest activation level across all tasks.
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This result is consistent with previous research showing
that the anterior deltoid is the most actively engaged mus-
cle during agricultural activities, even when performed in
a seated posture (Park et al., 2014b). The muscle is well
known for its substantial involvement in lifting movements
that require transferring objects between different heights
(Park et al., 2014b). In this study, all measured tasks en-
tailed repetitive lifting actions, including holding the seed-
ing plate for pre-wetting, lifting and relocating lettuce seed-
lings, placing harvested lettuce into a basket, and trans-
ferring lettuce leaves into a container. Thus, the significantly
greater activation of the anterior deltoid compared with
other muscles can be attributed to the repeated lifting de-
mands inherent in these agricultural activities.

When comparing muscle activation among different ag-
ricultural tasks, significantly greater activation of the flexor
carpi ulnaris was observed bilaterally during the harvesting
activity. This muscle is known to be highly activated in
tasks involving object gripping (Batzianoulis et al., 2018).
The harvesting task involves holding a knife with the right
hand while firmly stabilizing the lettuce plant on the cut-
ting board with the left hand. Thus, this task likely requires
greater grip strength than the other agricultural activities
examined. Previous studies have reported that individuals
who regularly engage in farming tasks demonstrate better
hand function and cognitive performance than those who
do not. These findings have been attributed to the repetitive
and intensive use of hand muscles during farming, which
may enhance both manual and cognitive functions (Han et
al., 2018). Similarly, the repetitive hand use inherent in
agricultural work may contribute to improved hand dexter-
ity as well as cognitive ability.

In Study 1, the anterior deltoid and flexor carpi ulnaris
were identified as the primary muscles engaged during ag-
ricultural activities. Particular attention should be directed
to the flexor carpi ulnaris, as it is closely associated with
hand function. This muscle showed the most significant
activation during the harvesting task, which involves fre-
quent contact with plants. Such plant interaction has been
suggested to provide psychological benefits by promoting
feelings of stability and pleasure (Rickard and White, 2021).
The anterior deltoid also demonstrated relatively high acti-

vation levels, raising concerns regarding potential muscle

fatigue during repetitive and prolonged operations (Nur et
al., 2015). This pattern was especially notable during the
sowing activity, which requires precise and highly focused
control when placing individual seeds into holes using
tweezers (Szeto et al., 2009). However, it is also plausible
that the elevated anterior deltoid activation observed dur-
ing the sowing task was influenced by the preceding seed-
ing-plate soaking activity rather than the sowing task itself.
To address this possibility, Study 2 was conducted with the
two tasks separated and analyzed independently.

In Study 2, upper-limb muscle activation was compared
between conventional movements and movements assisted
by three types of agricultural support tools. The results
showed that both conventional and tool-assisted tasks acti-
vated the bilateral anterior deltoid muscles the most, con-
sistent with the findings of Study 1. This pattern likely
reflects the repetitive “lifting” motions required to transfer
objects across different heights. These assistive tools were
developed to reduce muscle fatigue during agricultural
work by mitigating the repeated use of the same muscles.
The experimental results indicated that the tool-assisted
methods engaged a broader range of muscles compared
with the conventional methods. In particular, greater acti-
vation was observed in the right biceps brachii when using
the soaking tools for seeding plates, in all left-side muscles
when using the sowing tools, and in the right flexor carpi
ulnaris when using the transplanting tools for developed
plants. Moreover, across all three agricultural tasks, the
tool-assisted methods produced significantly higher activa-
tion in all upper-limb muscles than the conventional methods.
Electromyography (EMG) has been widely used to de-
termine whether rehabilitation exercises effectively acti-
vate their intended target muscles (Bolgla et al., 2005).
In line with this, the findings of this study indicate that
agricultural tasks performed with assistive tools in a verti-
cal farm sufficiently engaged and activated the relevant
upper-limb muscles. Therefore, further research is war-
ranted to investigate the long-term rehabilitative effects
of continuous agricultural activities using such tools.

Willingness to participate in and revisit conventional re-
habilitation programs varies according to participants’
physical conditions, as well as the quality and accessibility

of the training facilities, the outcomes of the training, and
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its costs (Tombak et al., 2023). Agricultural activities in-
herently expose participants to natural elements, such as
plants, which exert psychological stabilizing effects; ac-
cordingly, programs incorporating agricultural activities
have been shown to enhance emotional well-being, includ-
ing reductions in stress and depression (Rosa et al., 2023).
Vertical farms may further increase overall satisfaction
with farm-based rehabilitation programs by addressing the
accessibility limitations of conventional farms while still
providing exposure to natural elements through agricul-
tural activities. Therefore, the potential benefits of vertical

farmrbased rehabilitation programs warrant further investigation.

Conclusion

This study evaluated upper limb muscle activation in
persons with physical disabilities (PWPs) during various
agricultural activities. Among the five assessed agricul-
tural tasks, the bilateral anterior deltoid and flexor carpi
ulnaris exhibited the highest levels of muscle activation.
To facilitate the engagement of a broader range of upper
limb muscles, assistive tools were developed for specific
agricultural tasks, including soaking seeding plates, sowing,
and transplanting mature seedlings. Subsequent measurements
demonstrated that, during certain task-specific movements,
the use of these assistive tools significantly increased acti-
vation of the bilateral biceps brachii and brachioradialis
compared with conventional methods. These findings in-
dicate that the assistive tools promoted more diverse upper
limb muscle engagement during agricultural activities. Overall,
this study provides a foundation for developing agro-heal-
ing-based vocational rehabilitation programs for PWPs
and underscores the need for further research to expand

and validate these findings.
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