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Abstract. We aimed to determine the energy expenditure, oxygen uptake, and exercise
intensity of 10 care farming activities performed by adults. The study had a crossover
experimental design. Participants performed 10 care farming activities for 5 minutes,
including four plant- and three animal-mediated activities, and three other activities.
Each participant wore a portable telemetric calorimeter during the activities, and ox-
ygen uptake, heart rate, and exercise intensity were measured. Twenty-one adults
(aged 31.5 ± 10.2 years) participated in our study. Energy expenditure, oxygen up-
take, and exercise intensity differed significantly for each activity. The 10 care farm-
ing activities were regarded as light- to moderate-intensity activities. The exercise
intensity, energy expenditure, and oxygen uptake for organizing a garden plot were
significantly higher than those for other care farming activities. Cooking using har-
vests, interacting with dogs, and feeding rabbits had the lowest exercise intensity, en-
ergy expenditure, and oxygen uptake. Other activities, such as transplanting plants,
harvesting, creating art, maintaining a garden, walking with a dog, and cleaning the
farm, had moderate exercise intensity, energy expenditure, and oxygen uptake. En-
ergy expenditure, oxygen uptake, and exercise intensity data could be useful when de-
veloping a care farming program suitable for the physical condition of participants in
care farming interventions.

Physical activity suitable for individual
health and physical fitness provides a safe
and efficient means to maximize the effects
of exercise (Wilmore 1974). Even with
the same exercise intervention, individual
physiological responses depend on differ-
ent genotypes, phenotypes, and training
status (Hecksteden et al. 2015), and exces-
sive exercise that does not consider these
characteristics can increase the risk of in-
jury (Jones et al. 1994). Exercise intensity
is one of the main variables used in exer-
cise interventions to improve individual

health status and physical fitness levels (Blair
1995; Hofmann and Tschakert 2010).

Agriculture, the main purpose of which
used to be production, is now used as a basis
to promote human physical, mental, and so-
cial welfare by using agricultural activities
and environmental resources, such as plants,
farm animals, and landscapes (Relf 2006).
The therapeutic use of agriculture is called
care farming, a type of green care that uses
agricultural farms, such as with animals,
plants, gardens, forests, and landscaping, as a
basis to improve quality of life and human
mental and physical health (Hassink and van
Dijk 2006). According to the Act on Research,
Development, and Promotion of Healing Agri-
culture in South Korea, care farming creates so-
cial or economic value through the utilization
and related activities of various agricultural and
rural resources to recover, maintain, and pro-
mote people’s health. In European countries
such as the Netherlands, France, Italy, and
Belgium, care farming has spread to provide
health benefits through farming activities in a
safe and restorative farm environment (Leck
et al. 2014). Care farming service delivery sys-
tems take different approaches across regions
and countries (Gorman and Cacciatore 2017),
but collectively offer participants a range
of enjoyable and purposeful activities
with the possibility of learning new skills.

Care farming activities that include vari-
ous body movements have the potential to
improve the physical function and health of
participants and, to maximize their effects, it
is necessary to secure quantitative data such
as exercise intensity and energy consumption
of care farming activities. Gardening, a care
farming activity, involves energy expenditure
and consists of weight-bearing movements
that use the entire body (Park et al. 2014a,
2014b). In particular, gardening activities,
such as making and maintaining a garden,
have been observed to be moderate- to
high-intensity physical activities for adults
(Park et al. 2014b). In addition, 15 ses-
sions of gardening interventions (twice a
week, 50 min per session) as low- to mod-
erate-intensity physical activity for women
aged 70 years or older were found to reduce
participant’s blood pressure, blood cholesterol,
and gene expression levels for proinflammatory
proteins (Park et al. 2017). To participate in
care farming to maintain and improve the phys-
ical health of participants, it is necessary to se-
lect farming activities with an exercise intensity
appropriate for the individual's condition and
intervene regularly, and it is important to
increase reporting of individual exercise re-
sponses (Mann et al. 2013). However, the
physical effects of care farming interven-
tions have not been identified using a quan-
titative approach. There are insufficient
data on the energy expenditure, oxygen up-
take, and exercise intensity of agricultural
activities carried out using various farm re-
sources, including animals, crafts, and other
farm work on actual care farms.

We, therefore, aimed to investigate the ex-
ercise intensity and energy expenditure of
plant- and animal-mediated care farming ac-
tivities on a real farm to determine the activi-
ties suitable to improve physical activity in
adults.

Materials and Methods

Research participants. Participants were
recruited by sending leaflets to farms, nearby
churches, and gymnasiums. The inclusion cri-
teria were as follows: no personal history of
metabolic or cardiovascular disease, no mus-
culoskeletal injuries, no pregnancy, and no
use of medications at the time of the study
(Ruiz et al. 2009). Before the experiment, a
comprehensive explanation of the purpose of
the study, specifics of the care farming activi-
ties, and clinical implications of the study
were provided to the participants. Written in-
formed consent was obtained from all the
participants before they participated in the ex-
periment. Participants were required not to
consume alcohol or caffeine, not to overeat,
and not to engage in strenuous physical activ-
ity 12 h before starting the experiment. The
participants answered a questionnaire consist-
ing of questions about age, sex, and use of
medications before starting the experiment.
Height, weight, and body composition of the
participants were measured using an anthropom-
eter (Ok7979; Samhwa, Seoul, South Korea)
and a body mass analyzer (ioi 353; Jawon
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Medical, Gyeongsan, South Korea). On com-
pletion of the study, the participants received
$10 as a reward. This study was approved by
the Institutional Review Board of Konkuk
University (no. 7001355-202106-HR-442).

Experimental conditions. The experiment
was conducted at a P-care farm in Sejong,
South Korea, which has a variety of plant re-
sources, such as vegetable gardens and green-
houses; animal resources, such as chickens,
dogs, peacocks, and rabbits; and facility re-
sources, such as cooking spaces and indoor
classrooms. The average temperature of the
farm area was 23.3 ± 2.5 �C and the average
relative humidity was 81.7% ± 12.3% during
the experiment.

Experimental procedure. In this crossover
study, each participant performed the experi-
mental procedure as shown in Fig. 1. The
participant first sat on a chair, and their rest-
ing metabolic rate was measured for 5 min.
The researchers explained and demonstrated
the care farming activities before the partici-
pants performed each activity. Subsequently,
the participants performed each activity for
5 min and then sat in a chair again and rested
for 5 min without moving or talking. In previ-
ous studies (Park et al. 2014b, 2015), the
activity time was set to 5 min to measure en-
ergy expenditure in horticulture and agricul-
tural activities, and it was judged to be
appropriate for adults to perform the activity
during 5 min at the same intensity and speed
in a preliminary study.

All participants performed 10 care farm-
ing activities, as described in Table 1. The
care farming activities performed in the ex-
periment were selected as those that appropri-
ately used agricultural and rural resources,
such as plants and animals of the P-care
farm, and were used in the care farming pro-
gram actually operated by the farm.

Measurement items. Metabolic parameters
and heart rate during rest were measured
while the participants rested in a chair for
5 min before the experiment using a portable
telemetric calorimeter (K4b2; Cosmed, Rome,

Italy) equipped with a wireless telemetry moni-
tor (Polar T 31; FitMed, Kempele, Finland).
The Cosmed K4b2 analyzer measures meta-
bolic parameters such as energy expenditure,
oxygen uptake, and metabolic equivalents of
task (METs) through breath-by-breath measure-
ments of gas exchange (Pinnington et al. 2001).
One MET is �3.5 mL of oxygen consumed
per kilogram of body weight per minute;
3 METs or less indicates low-intensity physical
activity, 3 to 6 METs indicates moderate-
intensity physical activity, and 6 METs or more
indicates high-intensity physical activity (Pate
et al. 1995). The K4b2 system weighs �3 lb, is
portable, and is worn by participants using a
harness, rubber facemask, and mesh head cap
with adjustable straps. The portable unit con-
tains a galvanic fuel cell for the O2 sensor, a
digital infrared CO2 sensor, a barometer sensor,
a sampling pump, an ultrahigh-frequency trans-
mitter, and electronics. The K4b2 system has
been verified for reliability and validity across
exercise intensities in humans (Duffield et al.
2004), and its accuracy has been validated in
comparison with the Douglas bag method
(Pinnington et al. 2001). The K4b2 system
has also been used in previous studies to
characterize exercise intensity in horticul-
tural activities in different age groups (Park
et al. 2014a, 2014b). Before the experiment,
the K4b2 system was calibrated according to
the manufacturer’s instructions and warmed
for 1 h. The system predicts energy con-
sumption from O2 consumption and CO2

production using the Weir equation (Weir
1949). The average values of the metabolic
parameters extracted for each activity were
calculated. To record heart rate data during
the care farming activities, the participants
wore a heart rate monitor under their chest
via a wireless transmitter and an elastic strap
(Polar T 31).

Data processing and analysis. To compare
the metabolic rate and heart rate data according
to each activity, the Kruskal-Wallis test was
performed using SPSS (version 25 for Win-
dows; IBM, Armonk, NY, USA); P < 0.05

was considered statistically significant. For de-
mographic information, descriptive statistics of
means, standard deviations, and percentages
were obtained using Microsoft Excel (Office
2007; Microsoft Corp., Redmond, WA, USA).

Results

Demographic characteristics. Twenty-one
adults aged 31.52 ± 10.18 years participated
in the experiment, with six men and 15 women
(men, 24.67 ± 3.27 years; women, 33.79 ±
11.01 years) (Table 2). The average body mass in-
dex was 21.59 ± 3.10 kg·m�2, which was within
the range of the criteria for normal.

Metabolic measurements of care farming
activities. The results of oxygen intake were
10.74 ± 3.54 to 19.70 ± 4.65 mL/min/kg during
plant-mediated activities, 6.91 ± 2.84 to 13.44 ±
4.46 mL/min/kg during animal-mediated activi-
ties, and 7.38 ± 1.87 to 12.51 ± 3.50 mL/min/kg
during other activities on the farm. The energy
expenditure results were 75.29 ± 24.86 to
140.28 ± 33.18 kcal/kg/d during plant-mediated
activities, 48.42 ± 19.02 to 93.98 ± 30.89 kcal/kg/d
during animal-mediated activities, and 52.04 ±
12.86 to 87.89 ± 25.01 kcal/kg/d during other
activities. The descending order of exercise in-
tensity, oxygen intake, and energy expenditure
results by activity was as follows: organizing a
garden plot, walking with a dog, creating art
with natural objects, cleaning up the farm, plant-
ing plants, harvesting, maintaining a garden,
feeding rabbits, cooking using harvests, and in-
teracting with a dog. The energy expenditure,
oxygen uptake, and exercise intensity differed
significantly according to activity (P< 0.001).

The metabolic measurements for each
care farming activity are presented in Table 3.
The 10 care farming activities performed by
the participants were determined to be light-
to moderate-intensity physical activities (1.98 ±
0.81 to 5.63 ± 1.33 METs). When exercise
intensities by each activity were analyzed,
plant-mediated activities, such as organizing
a garden plot, transplanting plants, harvest-
ing, and maintaining a garden, were found to

Fig. 1. The experimental protocol of this study.
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be moderate-intensity physical activities (3.07
± 1.01 to 5.63 ± 1.33 METs), animal-mediated
activities, such as interacting with a dog,
walking with a dog, and feeding rabbits, were
determined to be light- to moderate-intensity
physical activities (1.98 ± 0.81 to 3.84 ± 1.27

METs), and other activities, such as cooking
using harvests, creating art with natural ob-
jects, and cleaning up the farm, were deter-
mined to be light- to moderate-intensity
physical activities (2.11 ± 0.53 to 3.58 ±
1.00 METs).

Discussion

The energy expenditure, oxygen uptake,
and exercise intensity were statistically signifi-
cantly different for each activity (Table 3).
The 10 care farming activities in healthy adults

Table 1. Care farming activities performed by the participants.

Activity Description
Organizing a garden plot
Digging 1) Holding the handle of a shovel (1.3 kg) with the right hand and standing with feet shoulder-width apart; 2) stepping,

left foot in front of right foot, and holding the middle part of the shovel with the left hand; 3) inserting the blade into
the designated position with a shovel; 4) digging up the soil and piling it up on the right side; 5) stepping back with
left foot and returning to the standing position and repeating the procedure for 100 s.

Raking 1) Standing with feet shoulder-width apart and holding the tip of the garden rake with the right hand; 2) placing the
left foot in front of the right foot and holding one-third of the tip of the rake (0.9 kg) with the left hand; 3) inserting
the blade of the rake into the designated position; 4) scraping the soil in front of the body; 5) stepping back with left
foot and returning to the standing position and repeating the procedure for 100 s.

Fertilizing 1) Standing with feet shoulder-width apart and holding the basin containing fertilizer (0.5 kg) with the left hand;
2) holding a handful of fertilizer in the right hand; 3) bending forward and extending the right arm forward to
spread fertilizer in the designated area (area of 1.5 × 2.0 m); 4) returning to the standing position and repeating
the procedure for 100 s.

Transplanting plants
Planting 1) Standing with feet shoulder-width apart while holding the handle of the trowel (0.06 kg) with the right hand;

2) squatting down (bending both knees); 3) placing a trowel in the designated position; 4) digging up the soil and
piling it up on the left side; 5) planting plants with both hands; 6) standing up; 7) moving one step to the right
and repeating the procedure for 100 s.

Mulching 1) Standing with feet shoulder-width apart; 2) squatting down (bending both knees); 3) grabbing the rice straw in
the basin with the right hand; 4) covering the straw around the seedlings in front with both hands; 5) standing up;
6) moving one step to the right and repeating the procedure for 100 s.

Setting up plant stakes 1) Standing with feet shoulder-width apart; 2) squatting down (bending both knees); 3) inserting the plant stake
(0.04 kg) into the soil near the base of the plant using both hands; 4) tying the stake and plant stem with a strap
at the midpoint of the plant height using both hands; 5) standing up; 6) moving one step to the right and
repeating the procedure for 100 s.

Harvesting
Harvesting crops 1) Standing with feet shoulder-width apart with a basin (0.1 kg) in the left hand; 2) checking peppers that have

reached the harvest stage and moving; 3) bending the back toward the pepper to be harvested and extending the
right hand; 4) picking up one pepper; 5) bringing the outstretched hand toward the body and putting it in the
basin; 6) straightening the back and repeating the procedure for 100 s.

Washing crops 1) Standing in front of a table with feet shoulder-width apart while holding a basket (0.15 kg) of sesame leaves with
both hands; 2) reaching the right hand to a basket of harvested peppers on the table and picking a pepper;
3) washing the pepper with water with both hands and repeating the procedure for 100 s.

Packing crops 1) Standing in front of a table with feet shoulder-width apart; 2) opening the lid of the packaging container on the
table with both hands; 3) putting the washed pepper into the container with the right hand; 4) sealing the
container using both hands (closing the lid) and repeating the procedure for 100 s.

Cooking using harvests
Cutting crops 1) Standing with feet shoulder-width apart; 2) holding five sesame leaves with both hands; 3) shredding it five times

and repeating the procedure for 100 s.
Trimming crops 1) Standing in front of a table with feet shoulder-width apart; 2) putting the shredded sesame leaves in a mortar on

the table; 3) grasping the pestle with the right hand; 4) pounding the shredded sesame leaves in the mortar and
repeating the procedure for 100 s.

Mixing crops with other ingredients 1) Standing in front of a table with feet shoulder-width apart; 2) putting the crushed sesame leaves in a mortar with
a spoon into a cup with a drink on the table; 3) stirring the inside of the cup with a spoon to mix well and
repeating the procedure for 100 s.

Creating art with natural objects
Collecting natural objects 1) Standing with feet shoulder-width apart and holding a basket (0.15 kg) with the left hand; 2) checking a natural

object on the ground and moving (2.0 m distance); 3) bending the back toward the object and extending the right
hand to pick it up; 4) bringing the outstretched hand toward the body and straightening the back; 5) putting the
object into the basket held in the left hand and repeating the procedure for 150 s.

Decorating an ornament with
natural objects

1) Extending the left hand and picking up a natural object in a basket on the table while sitting on a chair in front
of the table; 2) extending the right hand and grabbing the glue on the table; 3) applying glue to the natural
object; 4) attaching the object to the ornament and repeating the procedure for 150 s.

Interacting with a dog 1) Placing the dog on the lap and holding it with both arms while sitting in a chair; 2) petting the dog with the right
hand; 3) repeating the procedure for 300 s.

Walking with a dog 1) Standing holding the dog leash with the left hand; 2) squatting down; 3) putting the leash on the dog with both
hands; 4) standing up; 5) walking; 6) continuing the procedure for 300 s.

Feeding rabbits 1) Standing with feet shoulder-width apart while holding a basket (0.15 kg) of clover with the left hand; 2) bending
the back and holding clover in the basket with the right hand; 3) extending the right hand holding the clover to
feed the rabbit; 4) straightening the back and repeating the procedure for 300 s.

Cleaning up the farm 1) Standing with feet shoulder-width apart while holding a broom (0.3 kg) with the right hand and a dustpan (0.2 kg)
with the left hand; 2) bending the back to sweep the floor; 3) sweeping up the waste with the broom and putting it
in the dustpan and continuing the procedure for 300 s.

Maintaining a garden 1) Standing with feet shoulder-width apart with a basket (0.15 kg) in the left hand; 2) checking withered leaves and
moving; 3) bending the back toward the withered leaves and extending the right hand; 4) cutting the stalk of the
withered leaves; 5) bringing the outstretched hand toward the body and putting it in the basket; 6) straightening
the back and repeating the procedure for 300 s.
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were light- to moderate-intensity physical ac-
tivities (1.98 ± 0.81 to 5.63 ± 1.33 METs).
The exercise intensity, energy expenditure,
and oxygen uptake for organizing a garden
plot was found to be significantly higher than
those for other care farming activities (5.63 ±
1.33 METs). The activities with the lowest exer-
cise intensity, energy expenditure, and oxygen
uptake were cooking using harvests, interacting
with dogs, and feeding rabbits (1.98 ± 0.81 to
2.48 ± 0.84 METs). Other activities, such as
transplanting plants, harvesting, creating art,
maintaining a garden, walking with a dog, and
cleaning the farm, were found to have moderate
exercise intensity, energy expenditure, and oxy-
gen uptake.

Exercise intensity is determined by the
body’s ability to generate energy through the
uptake and utilization of oxygen (Costill and
Fox 1969). The MET is an objective measure

of the ratio of a person’s energy expenditure
to their mass while performing physical ac-
tivity (Ainsworth et al. 2000). One MET is
�3.5 mL of oxygen consumed per kilogram
of body weight per min.

The results of this study showed that care
farming activities performed by adults were
light to moderately intense. First, for plant-
mediated activities, such as organizing a gar-
den plot, transplanting plants, harvesting, and
maintaining a garden, the exercise intensities
were identified as moderate for all partici-
pants. In previous studies, gardening and hor-
ticultural activities performed by adults were
identified as physical activities with light- to
vigorous-intensity exercise. In the ascending
order of exercise intensity, they are as follows:
walking and applying fertilizer (2.5 METs),
watering plants (2.5 METs), planting trans-
plants (3.5 METs), mixing growing medium

(3.6 METs), raking a lawn or leaves (3.6 METs),
watering using a hose (3.9 METs), garden main-
tenance (3.9 METs), harvesting (4.2 METs),
sowing (4.3 METs), hoeing (4.4 METs),
mulching (4.5 METs), making a vegetable
bed (5.0 METs), weeding (5.0 METs), raking
(5.4 METs), digging the soil (6.3 METs)
(Aguilar-Farias et al. 2019; Ainsworth et al.
2000; Park et al. 2014b, 2015). Gardening
activities, such as digging holes, pushing a
mower, and carrying soil or other gardening
items, involve weight-bearing motions (Turner
et al. 2002). Kinematic and kinetic analyses
have shown that gardening activities comprise
complex tasks that involve various motions
(Lee et al. 2016). Participation in plant-mediated
activities for 50 min twice a week has been
shown to increase the participants’ muscle
mass and aerobic endurance and had a positive
effect on oxidative stress, blood lipid profiles,
and levels of inflammatory markers in the
blood (Park et al. 2016, 2017). These activities
are helpful in maintaining and promoting the
health of participants because, as confirmed in
our study, plant- and animal-mediated activi-
ties are low- to moderate-intensity physical
activities.

For animal-mediated activities, such as in-
teracting with a dog, walking with a dog, and
feeding rabbits, exercise intensities were iden-
tified as light- to moderate-intensity for all par-
ticipants, regardless of sex. Ainsworth et al.
(2000) also reported that the exercise intensi-
ties of activities with animals were light- to
moderate-intensity; in the ascending order of
exercise intensity, they were as follows: feed-
ing animals (2.5 METs), playing with animals
in a sitting position (2.5 METs), and walking
the dog (3.0 METs). As the animal-mediated
activities performed in this study consisted of
sitting, standing, and walking lightly while
caring for farm animals, the exercise intensity
was considered to be less than moderate. Previ-
ous research has suggested that animal-assisted
activities may improve cardiovascular health,
including increased moderate-intensity physical
activity and reduced systolic blood pressure
and plasma triglycerides; however, no definitive
scientific basis has been provided (Anderson
et al. 1992; Reeves et al. 2011; Temple et al.
2011; Wright et al. 2007). Animal interventions
have focused on improving human health and
well-being through interventions involving do-
mestic animals. Previous studies on animal-
mediated interventions have mainly focused
on pets, especially dogs; however, farm ani-
mals are becoming more important with the
increased interest in care-related activities in
green care using farm animals (Berget and
Grepperud 2011; Haubenhofer et al. 2010).
Olsen et al. (2016) reported that animal-mediated
activity could be effective in improving a pa-
tient’s physical health, such as improving bal-
ance and preventing falls but noted that few
studies exist on the physical effects of animal-
mediated interventions. Therefore, to improve
our understanding of the therapeutic value of
green care, it is necessary to obtain statistically
significant findings using quantitative data on
the various effects of care farming activities us-
ing farm animals (Haubenhofer et al. 2010).

Table 3. Metabolic measurements of adults during 10 care farming activities to determine exercise
intensities (N 5 21).

Variable METi
VO2

(mL/min/kg)ii
Heart rate
(beats/min)

Energy
expenditure
(kcal/kg/d)

HRmax
(%)iii

Mean ± SD
Organizing a garden

plot
5.63 ± 1.33 19.70 ± 4.65 106.28 ± 21.23 140.28 ± 33.18 56.14 ± 11.15

Transplanting plants 3.38 ± 0.77 11.84 ± 2.68 95.54 ± 11.65 83.65 ± 18.99 50.43 ± 5.53
Harvesting 3.12 ± 0.69 10.93 ± 2.41 96.57 ± 13.24 76.91 ± 17.05 51.02 ± 6.86
Cooking using harvests 2.11 ± 0.53 7.38 ± 1.87 90.10 ± 11.37 52.04 ± 12.86 47.59 ± 5.78
Creating art with natural

objects
3.58 ± 1.00 12.51 ± 3.50 94.12 ± 8.83 87.89 ± 25.01 49.86 ± 5.88

Interacting with a dog 1.98 ± 0.81 6.91 ± 2.84 83.07 ± 12.00 48.42 ± 19.02 43.86 ± 6.16
Walking with a dog 3.84 ± 1.27 13.44 ± 4.46 102.88 ± 25.67 93.98 ± 30.89 54.20 ± 12.46
Feeding rabbits 2.48 ± 0.84 8.69 ± 2.94 87.48 ± 11.05 61.32 ± 20.30 46.21 ± 5.64
Cleaning up the farm 3.40 ± 0.98 11.89 ± 3.43 91.81 ± 15.08 84.10 ± 24.00 48.54 ± 8.03
Maintaining a garden 3.07 ± 1.01 10.74 ± 3.54 93.94 ± 15.52 75.29 ± 24.86 49.60 ± 8.08
Significance 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
i 1 metabolic equivalent (MET) 5 3.5 mL·kg�1 (0.0969 inch3/lb) oxygen per minute (Norton et al. 2010).
ii Oxygen uptake; 1 mL·kg�1 5 0.0277 inch3/lb.
iii Maximum heart rate (HRmax) 5 208–0.7 × age (Tanaka et al. 2001).
***Significant at P < 0.001 using Kruskal-Wallis test.

Table 2. Descriptive information of participants who participated in the study.

Variable Mean ± SD
Age (y) 31.52 ± 10.18
Heighti (cm) 166.56 ± 8.85
Body weightii (kg) 60.20 ± 11.41
Body mass indexiii (kg·m�2) 21.59 ± 3.10
Body composition
Fat (kg) 15.28 ± 7.02
Lean (kg) 43.12 ± 8.48

Resting metabolic rateiv

VO2 (mL/min/kg)v 5.48 ± 1.55
Energy expenditure (Kcal/kg/d) 38.79 ± 10.72
Resting METvi 1.57 ± 0.44
Resting heart rate (beats/min)vii 76.76 ± 14.93
Age-adjusted HRmax (beats/min)viii 189.48 ± 10.34

i Height was measured using an anthropometer (Ok7979; Samhwa, Seoul, South Korea) without wearing
shoes.
ii Body weight was measured using a body fat analyzer (ioi 353; Jawon Medical, South Korea).
iii Body mass index was calculated using the formula [weight (kg)]/[height (m)2].
iv Measured by a portable calorimetric instrument (K4b2; Cosmed, Rome, Italy) while the participant
sat on a chair for 5 min.
v Oxygen uptake; 1 mL·kg�1 5 0.0277 inch3/lb.
vi 1 metabolic equivalent (MET) 5 3.5 mL·kg�1 (0.0969 inch3/lb) oxygen per minute (Norton et al. 2010).
vii Heart rate by a radiotelemetry monitor (Polar T 31; FitMed, Kempele, Finland) while the partici-
pant sat on a chair for a 5-min rest.
viii Age-adjusted maximum HR (HRmax) 5 208–0.7 × age (Tanaka et al. 2001).
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For other farm activities, such as cooking
using harvests, creating art with natural ob-
jects, and cleaning up the farm, exercise in-
tensities were identified as light- to moderate-
intensity for all participants. Similar activities
were identified as light- to moderate-intensity
physical activity in the study by Ainsworth
et al. (2000), which were as follows in the as-
cending order of exercise intensity: arts and
crafts while sitting (light effort: 1.5 METs,
moderate effort: 2.0 METs), baking (2.5 METs),
and general cleaning (3.5 METs). The activities
were identified as light to moderate in intensity
because the other farm activities performed in
this study consisted of standing or light walking
activities. Care farming activities are provided
within farming production and care activities,
and can be divided into various forms depend-
ing on the participants and context (Hine et al.
2008). Most care farming activities are based on
agricultural activities, such as growing crops,
gardening, and caring for livestock, and include
other activities on farms, such as cooking,
crafts, and maintenance of care farming facili-
ties (Hine et al. 2008). Because the inclusion of
off-farm activities within the category of care
farming activities is essential, it is necessary to
continuously classify the types of off-farm ac-
tivities and identify their therapeutic effects.

According to the American College of
Sports Medicine exercise guidelines (Garber
et al. 2011), a regular exercise program is es-
sential for adults to improve and maintain fit-
ness and health, and encourages them to
engage in exercise to achieve a total energy
expenditure of 500 MET/min/week or more.
Therefore, according to the results of this
study, it is recommended to conduct care
farming activities two to three times a week
for 1 h per session, including organizing a
garden plot activity, which is a high-intensity
exercise. For individualized exercise prescrip-
tion, moderate- to vigorous-intensity exercise is
recommended for most adults, and light- to
moderate-intensity exercise may benefit decon-
ditioned individuals (Garber et al. 2011). In this
study, care farming activities were identified as
physical activities of various exercise intensities
of light- to moderate-intensity or higher; there-
fore, with care farming activities it may be pos-
sible to adjust the exercise intensity to suit each
participant in terms of exercise prescription.

Care farming activities are physical activi-
ties of light to moderate intensity, which are
body movements generated by skeletal muscles
that result in higher energy consumption than
at the resting level (US Department of Health
and Human Services 1999). Participation in
planned, structured, and repetitive care farming
activities, that is, participation in the care farm-
ing program, could be an “exercise” (Caspersen
et al. 1985). Performing physical activities in a
natural environment, such as a farm, is called
“green exercise” (Pretty et al. 2003), which not
only has physical health benefits but also
greater health benefits, such as psychological
effects resulting from exposure to the natural
environment (Gladwell et al. 2013). Accord-
ingly, continuous participation in care farming
programs could have a long-term positive effect

on mental health and improve individual physi-
cal function and fitness.

To do so, the goals of the care farming
program should be developed with goals set
according to the participants’ physical func-
tion, daily physical activity, health status, and
preference in terms of exercise prescription.
This is because when prescribing exercise, it
is important not only to consider the amount
and intensity of exercise, but also to maximize
the efficiency of the exercise intervention
by considering interindividual heterogene-
ity (Gronwald et al. 2020; Lehtonen et al.
2022). In particular, in the case of general ex-
ercise prescriptions, it is very important to
encourage unmotivated clients to maintain
exercise participation because lack of per-
sonal motivation leads to lack of participation
in exercise intervention (Lucini and Pagani
2021; Wackerhage and Schoenfeld 2021). In
this respect, farming activities can provide
constant motivation by allowing participants
to be in constant contact with nature and in-
teract with various living things. In addition,
“caring” for organisms such as plants and an-
imals can provide participants with additional
benefits, such as psychological stability and a
sense of accomplishment, as well as physical
effects.

This study could be used to support ther-
apeutic mechanism of physical aspects of
care farming interventions and fills this gap
in knowledge. However, the limitation of
this study is that it is difficult to generalize
the results because of the small sample size.
Follow-up study should be conducted with a
larger number of participants to ensure that the
results of this study can be applied to a broader
population.

In conclusion, we evaluated the exercise
intensity of the activities in a program oper-
ated in an actual care farm and collected the
basic data necessary for the development of a
care farm program for the improvement of
physical function in adults. Because we at-
tempted a field study to measure energy me-
tabolism when activities on the actual farm
were performed, the results of this study can
be practically used to develop a care farming
program at various farm sites in the future. In
the future, it will be necessary to organize
various physical effects of care farming activ-
ities using measurements of physical effects
as well as exercise intensity and to develop
and disseminate care farming programs to
improve physical health suitable for the par-
ticipants’ goals of care.
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