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Abstract. The objective of this study was to determine the exercise intensities of 15
gardening tasks in older adults using a portable indirect calorimeter. Twenty older
Korean adults (16 females, four males) older than 65 years of age (average 67.3 ± 2.7
years) were recruited from the community of Gwangjin-gu, Seoul, South Korea. The
subjects visited a garden created for the study at Konkuk University, Seoul, South
Korea, three times and performed a total 15 gardening tasks. Subjects wore a portable
calorimetric monitoring system (Cosmed K4b2) with telemetry that allowed measure-
ment of oxygen consumption as they conducted each gardening task over a 5-min
period and during a subsequent 5-min rest period while seated on a chair between each
task. Their heart rate was also continuously measured using radiotelemetry (Polar T
31) during the test. The gardening tasks performed were of low to moderate intensity
physical activities [1.7–4.5 metabolic equivalents (METs)]. Tasks using both upper and
lower body (e.g., digging, fertilizing, weeding, raking, tying plants to stakes) required
moderate-intensity physical activity (3–4.5 METs); those using the upper body while
standing or squatting (e.g., pruning, mixing soil, planting seedlings, sowing, watering
using a watering can or hose, harvesting) were low-intensity physical activities (1.7–2.9
METs); and tasks requiring limited use of the upper body while standing (e.g., filling
containers with soil, washing harvested produce) were the least demanding physical
activities of the gardening tasks tested. The results will allow more precise tailoring
of gardening activities of older individuals to achieve appropriate levels of activity
for good health.

Physical activity is any bodily movement
produced by the contraction of skeletal mus-
cle that results in energy expenditure and in-
cludes a broad range of daily activities such
as housework and walking for transportation
(Caspersen et al., 1985). The health benefits
of physical activities in older adults are sig-
nificant and have been reported to prevent or
reduce chronic diseases such as hypertension,

coronary heart disease, Type 2 diabetes, oste-
oporosis, ischemic stroke, cancers, anxiety,
and depression [American College of Sports
Medicine (ACSM), 1993, 1998, 2004; Galloway
and Jokl, 2000; Hui and Rubenstein, 2006;
Lee et al., 1991; Powell et al., 1987]. Physical
activity also contributes to the ability of
older adults live independently by increas-
ing or maintaining their fitness level, muscle
strength, aerobic capacity, balance, and bone
mineral density (ACSM, 1998; DiPietro,
2001; U.S. Department of Health and Human
Services, 1996). The Centers for Disease Con-
trol and Prevention and the ACSM recom-
mend a program for maintaining the health
of older adults that involves at least 30 min
of moderate-intensity physical activity during
most days of the week (Nelson et al., 2007;
Pate et al., 1995).

The term MET is a physiological mea-
sure for expressing the energy expenditure

of physical activities in relation to the resting
metabolic rate (Ainsworth et al., 2000). METs
are expressed in terms of oxygen consump-
tion per unit body mass (1 MET equals to
3.5 ml O2/kg/min) and a resting metabolic
rate such as when lying down or sitting qui-
etly represents 1 MET (Norton et al., 2010).
Physical activities are categorized as light
(less than 3 METs), moderate (3 to 6 METs),
and vigorous (greater than 6 METs) in
itensity (Pate et al., 1995). For example,
Ainsworth et al. (2011) classified walking
for pleasure as a moderate-intensity physical
activity (3.5 METs) and tennis as a vigorous-
intensity physical activity (7.3 METs) in
adults. Fifty-three common lawn and garden
tasks were found to be low- to moderate-
intensity physical activities in adults ranging
in age from 25 to 65 years based on pub-
lished sources or estimates by experts on
physical activity (Ainsworth et al., 2011).
The compendium of physical activities by
Ainsworth et al. (2011), however, does not
include a number of common gardening tasks
and is limited to adults 65 years of age or
younger.

Park et al. (2008b) determined that nine
gardening tasks were low- to moderate-
intensity physical activity (1.6–3.6 METs)
in older American adults older than 65 years
in age (mean age, 77 years). Gardening tasks
that used both the upper and lower body such
as digging were moderate-intensity physical
activities (3.6 ± 0.8 METs), whereas tasks
that primarily used the upper body such as
mixing soil were found to be low-intensity
physical activities (2.2 ± 0.6 METs).

To determine the METs values of a phys-
ical activity, the amount of oxygen (VO2) used
during the activity is measured. Either direct
or indirect calorimetry can be used to measure
oxygen intake, although indirect calorimetry
is more commonly used in that it is simpler
and less expensive (McArdle et al., 2007). The
‘‘Douglas bag method’’ is generally consid-
ered to be the most accurate means of indirect
calorimetry; however, it is impractical outside
a clinical or research laboratory setting. There-
fore, a multistepped approach was used to de-
termine the exercise intensities of gardening
tasks in previous studies (Park et al., 2008a,
2008b, 2008c). The Cosmed K4b2 (COSMED,
Rome, Italy) is a portable system used to mea-
sure the energy cost of free movements that
is convenient to use outdoors for measuring
gardening tasks and it has the validity and
accuracy equal to the Douglas bag method
(Kawakami et al., 1992). Doyon et al. (2001)
and McLaughlin et al. (2001) demonstrated
that the Cosmed K4b2 was acceptable for
measuring oxygen uptake over a fairly wide
range of exercise intensities.

The objective of this study was to deter-
mine the exercise intensities of adults (65 years
of age or older) doing 15 common gardening
tasks by using a portable system (Cosmed
K4b2) to measure the energy cost that has
high validity and accuracy. The results will
facilitate tailoring garden activities of older
Koreans to achieve appropriate levels of phys-
ical activity for good health.
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Materials and Methods

Subjects. Koreans older than 65 years of
age were recruited from the community of
Gwangjin-gu in Seoul, South Korea, using
a flyer with a description of the study and
registration forms that were distributed at
senior centers and directly to individuals.
Criteria for participation were older than 65
years in age, the absence of an uncontrolled
chronic disease, heart, or lung diseases and
a pacemaker, and they did not smoke. A total
of 20 adults older than 65 years in age were
selected based on the inclusion criteria.
During orientation, a written informed con-
sent form was obtained after the experimen-
tal procedures and schedules were provided.
Subjects were required to not consume caf-
feine or alcohol, eat a heavy meal, and do
physical activity at least 12 h before the test.
The subjects were also required to wear clothes
and shoes appropriate for gardening. At the
completion of the study, each subject re-
ceived U.S. $60 as an incentive.

The following descriptive information
was obtained for each of the subjects: height,
weight, body composition [body mass index,
fat (g), lean (g), and percent fat (%)], resting
metabolic rate, resting heart rate, and age-

adjusted maximum heart rate. Height and
weight were measured using an electronic
instrument (Model GL-150; G-Tech Inter-
national, Uijeongbu-si, Gyeonggi-do, South
Korea) and body mass index was calculated
as: body mass index = weight (kg)/[height
(m)]2. Fat (g), lean (g), and percent fat (%) were
measured using dual-energy x-ray absorption-
metry (Model Discovery-W; Hologic, Bedford,
MA) by a trained specialist at Konkuk Univer-
sity Medical Center. Resting metabolic rate
and resting heart rate were measured after the
subjects sat in a chair for 5 min before starting
the first of 15 gardening tasks.

Procedures. Forty garden plots (each 1 m ·
1.8 m) at Konkuk University, Seoul, South
Korea, were created for the study with two
plots for each subject. A 5 m · 9 m garden plot
with ripe vegetables was also prepared. In ad-
dition, a grassy area with weeds for weeding
and shrubs for pruning were located near the
garden plots.

Fifteen gardening tasks were performed by
the subjects during June 2011. The mean out-
side temperature was 30 ± 4 �C during the
test determined using a temperature probe
(HR-TEMP) that is part of the Cosmed K4b2

instrument. Descriptions of the 15 gardening
tasks performed by the subjects are in Table 1.

The subjects visited the garden three times to
complete the study and performed five gar-
dening tasks for each time (Fig. 1). During
the first visit, the tasks were hand weed-
ing, digging, pruning, mixing soil, and filling
containers with soil. Tasks during the second
visit tasks were fertilizing, raking, planting
transplants, tying plants to stakes, and water-
ing (using a watering can) and for the third
visit, sowing, mulching, watering (using a
hose), harvesting, and washing the harvested
produce.

Subjects did each gardening task for 5 min
followed by a 5-min rest period sitting in a
chair between each task. In our preliminary
study, 5 min was found to be sufficient for
determining the exercise intensity of garden-
ing tasks and a subsequent 5 min for the heart
to return to its resting rate between tasks. The
garden plots were the appropriate size to allow
completion of each task within 5 min. During
the 5-min rest period between tasks, the sub-
jects were asked to not speak or move and the
researcher demonstrated the next task. The
order of the tasks was the same for all subjects
and was designed to reflect typical home gar-
dening activities and to combine moderate-
and low-intensity gardening tasks based on
preliminary research (Park et al., 2008b).

Table 1. Descriptions of gardening tasks performed to determine the exercise intensities for each older Korean adult.

Gardening tasks Description

Hand weeding Bending or squatting in a grassy area and weeding using a hand fork (0. 3 kg); some movement required
when they finished an area

Digging Digging a 1 m · 1.8 m garden plot with a shovel (1.3 kg)
Pruning Pruning shrubs with hand pruning shears (0.2 kg); some movement required when they finished a shrub
Mixing soil Mixing soil in a bucket (diameter 66 cm, height 20 cm) by hand with water added from a watering can (3 kg),

performed while the bucket was standing on a 1.8 m · 0.6 m · 0.8 m table
Filling containers with soil Filling 10-cm pots with soil from a bucket (diameter 66 cm, height 20 cm) by hand, performed while the bucket

was standing on a 1.8 m · 0.6 m · 0.8 m table
Fertilizing Spreading fertilizer from a bucket with a shovel (1.3 kg) on a 1 m · 1.8 m garden plot and mixing it into the soil

using a shovel
Raking Raking a 1 m · 1.8 m garden plot with a hand rake (0.9 kg)
Planting transplants Transplanting tomato and lettuce plants into a 1 m · 1.8 m garden plot using a hand trowel (0.1 kg)
Tying plants to stakes Tying tomato plants to stakes (0.5 kg) for support
Sowing seed Digging a row with a hand trowel (0.1 kg), sowing seed and covering them with soil
Mulching Applying mulch around tomato and lettuce plants in a 1 m · 1.8 m garden plot
Watering (watering can) Watering garden plots (4 m · 7.2 m) using a watering can with 6 kg of water
Watering (hose) Watering the garden plots (4 m · 7.2 m) using a hose
Harvesting produce Harvesting produce (lettuce, tomatoes, peppers, and eggplants) from a garden plot (5 m · 9 m)
Washing produce Squatting near the garden and washing harvested produce using a small bucket (diameter 30 cm, height 15 cm)

and a water hose.

Fig. 1. Sequence of gardening tasks performed by older Korean adults to determine the exercise intensity required. Subjects did each task for 5 min and then spent
5 min resting while sitting in a chair between tasks. The order of the gardening tasks was the same for all subjects. Based on preliminary work (Park et al.,
2008b), the sequence combined moderate and low intensity tasks.
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Metabolic measurement. Each subject
wore a portable Cosmed K4b2 during the
gardening tasks that included a portable tele-
metric transmitter, facemask, flow meter, gas
analyzer, receiver, and temperature probe
(HR-TEMP). The instrument weighed 1.5 kg
with the battery and specially designed har-
ness. Each subject continuously respired into
the facemask, which allowed measuring their
VO2 during the active and rest periods.

Before starting the tests, oxygen and car-
bon dioxide analyzers were calibrated with
room air and with a reference gas containing
15.93% oxygen and 4.92% carbon dioxide.
The flow turbine was then calibrated using
a 3.0-L syringe followed by a delay calibration
to adjust for the lag time between the expira-
tory flow measurement and the gas analysis.

The subject’s heart rate was continuously
monitored throughout their test period using
a monitor on the skin under the breast and
registered in the Cosmed K4b2 using radio-
telemetry (Polar T 31; FitMed, Kempele,
Finland).

Data analysis. Descriptive information
was handled using Excel (Microsoft Office
2002; Microsoft Corp., Redmond, WA). Each
subject’s physiological data were collected
continually using the Cosmed K4b2 with in-
dividual points representing averaged 3-s in-
tervals. For each gardening task, data for the
first and last 10 s were deleted to compensate
for the time required to walk to their garden
plot before starting a task or returned to the
chair for the rest period. Duncan’s multiple
range test at P < 0.05 was used to compare
means of metabolic rates for the 15 gardening
tasks calculated using the Statistical Analysis
System (SAS Version 9 for Windows; SAS
Institute Inc., Cary, NC).

Results

Characteristics of the subjects. The de-
scriptive characteristics of the subjects par-
ticipating in the study are presented in Table 2.
The mean age of the 20 subjects (16 female,
four male) was 67.3 ± 2.7 years. The average
body mass index of the subjects was normal

to overweight (body mass index 26.4 ± 3.6
kg/m2).

Exercise intensity of gardening tasks.
Subjects’ heart rate and VO2 were signifi-
cantly increased during the each garden task
(Table 3). The garden tasks also induced
energy expenditure of older participants.

The 15 gardening tasks performed by the
participants represented low- to moderate-
intensity physical activities (Table 3). Dig-
ging (mean 4.5 ± 1.2), fertilizing (4.0 ± 0.9),
raking (3.4 ± 0.8), weeding (3.4 ± 0.6),
mulching (3.3 ± 0.8), and tying plants to
stakes (3.0 ± 1.0) were moderate-intensity
physical activity (i.e., 3–4.5 METs). Planting
seedlings (mean 2.9 ± 0.9), watering using
a watering can (2.8 ± 0.9), sowing (2.7 ± 0.6),
harvesting (2.7 ± 0.6), mixing soil (2.4 ± 0.7),
pruning (2.5 ± 0.7), watering using a hose
(2.4 ± 0.8), and washing harvested produce
(mean 1.7 ± 0.4) were low-intensity physical
activities (i.e., 1.7–2.9 METs). Digging and
fertilizing were more intense than the other
gardening tasks (P < 0.05). Filling containers
with soil and washing harvested produce
were lower intense tasks than the 15 garden-
ing tasks (P < 0.05).

Discussion

The 15 gardening tasks performed by
adults older than 65 years in age (mean age,
67.3 ± 2.7 years; mean body mass index, 26.4 ±
3.6 kg/m2) were determined to be low- to
moderate-intensity physical activities (1.7 ±
4.5 METs).

The gardening tasks that used both upper
and lower body such as digging, fertilizing,
weeding, raking, and tying plants to stakes
were moderate-intensity physical activity (3–
4.5 METs). The gardening tasks that used
actively upper body while standing (sometimes
slight walking for moving when they finished
an area) or squatting such as pruning, mixing
soil, planting seedlings, sowing, watering (by
watering can or hose), and harvesting were
low-intensity physical activity (1.7–2.9 METs).
Meanwhile, the tasks such as filling a container
with soil and washing harvests slightly used the

Table 3. Metabolic assessment of older Korean
adults (n = 20) while performing 15 gardening
tasks to determine the exercise intensity
involved.

Gardening tasks Meanz
SD

Weeding
METs 3.4bc 0.6
VO2 (mL�kg–1�min–1) 11.8bc 2.2
kj�kg–1�h–1 9.0abc 2.5
HR (beats/min) 104.7b 13.9

Digging
METs 4.5a 1.2
VO2 (mL�kg–1�min–1) 15.6a 4.0
kj�kg–1�h–1 10.7a 3.6
HR (beats/min) 120.3a 18.3

Pruning
METs 2.5ef 0.7
VO2 (mL�kg–1�min–1) 8.7ef 2.3
kj�kg–1�h–1 7.2de 2.4
HR (beats/min) 99.9bc 13.8

Mixing soil
METs 2.4f 0.7
VO2 (mL�kg–1�min–1) 8.4f 2.3
kj�kg–1�h–1 6.7def 2.3
HR (beats/min) 103.3b 16.6

Filling containers with soil
METs 1.8g 0.5
VO2 (mL�kg–1�min–1) 6.1g 1.8
kj�kg–1�h–1 5.4f 1.7
HR (beats/min) 94.6bcd 13.9

Fertilizing
METs 4.0a 0.9
VO2 (mL�kg–1�min–1) 14.1a 3.3
kj�kg–1�h–1 7.2a 2.4
HR (beats/min) 104.8b 15.1

Raking
METs 3.4b 0.8
VO2 (mL�kg–1�min–1) 12.0b 2.9
kj�kg–1�h–1 9.8ab 3.6
HR (beats/min) 99.6bc 16.4

Planting transplants
METs 2.9cdef 0.9
VO2 (mL�kg–1�min–1) 10.0cdef 3.3
kj�kg–1�h–1 8.1bcd 2.3
HR (beats/min) 96.9bc 14.8

Tying plants to stakes
METs 3.0bcde 1.0
VO2 (mL�kg–1�min–1) 10.5bcde 3.4
kj�kg–1�h–1 8.3bcd 2.2
HR (beats/min) 97.9bc 13.6

Sowing seed
METs 2.7ef 0.6
VO2 (mL�kg–1�min–1) 9.4ef 2.1
kj�kg–1�h–1 8.1bcd 1.9
HR (beats/min) 99.1cde 12.5

Mulching
METs 3.3bcd 0.8
VO2 (mL�kg–1�min–1) 11.5bcd 2.8
kj�kg–1�h–1 9.4abc 2.2
HR (beats/min) 95.7bcd 9.3

Watering using a watering can
METs 2.8def 0.9
VO2 (mL�kg–1�min–1) 9.8def 3.3
kj�kg–1�h–1 7.9cd 2.3
HR (beats/min) 99.1bc 12.5

Watering using a hose
METs 2.4f 0.8
VO2 (mL�kg–1�min–1) 8.4f 2.8
kj�kg–1�h–1 7.7cd 2.3
HR (beats/min) 86.5de 11.1

Harvesting produce
METs 2.7ef 0.6
VO2 (mL�kg–1�min–1) 9.3ef 1.9
kj�kg–1�h–1 8.1bcd 1.7
HR (beats/min) 90.8cde 10.6

(Continued on next page)

Table 2. Descriptive information for older Koreans (n = 20) participating in the study to determine the
exercise intensity of gardening tasks.

Variable Mean SD

Age (years) 67.3 2.7
Height (cm) 154.2 6.4
Body weight (kg) 62.9 9.9
Body composition

Body mass index (kg�m–2) 26.4 3.6
Fat (g)z 19,739.5 7,621.6
Lean (g)z 37,939.2 9,855.1
Percent fat (%)z 32.2 7.4

Resting metabolic ratey

VO2 (mL�kg–1�min–1) 3.8 0.9
kj�kg–1�h–1 4.1 1.5
Resting metabolic equivalents (METs) 1.1 0.3
Resting HR (beats/min) 79.6 9.8
Age-adjusted HRmax (beats/min)x 152.7 2.7

zMeasured by dual-energy x-ray absorptionmetry.
yMeasured when the subjects were sitting in a chair for a 5-min.
xAge-adjusted maximum heart rate: HRmax = 220 – age in years.
VO2 = oxygen consumption; HR = heart rate.
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upper body while standing and had lower
intensity than the other gardening tasks.

The MET values for some of the garden-
ing tasks in this study corresponded to those
previous reported for Americans (Park et al.,
2008b) and the MET values for some gar-
dening tasks performed by the older Korean
adults were determined. Park et al. (2008b)
determined that the exercise intensities of
nine gardening tasks such as digging, turning
compost, raking, transplanting plants, mulch-
ing, hand weeding, mixing soil, filling con-
tainers with soil, and transplanting seedlings
for American adults (mean age, 77.4 ± 4.1
years; mean body mass index, 29.2 ± 5.4 kg/
m2) were low- to moderate-intensity physical
activity (1.6–3.6 METs).

Most of the exercise intensities for various
gardening tasks in this and the previous study
were similar, although tasks such as raking
(2.7 ± 1.0 METs), mulching (2.5 ± 0.5 METs),
and hand weeding (2.3 ± 0.9 METs) by older
Americans (mean age, 77.4 ± 4.1 years) dis-
played a lower intensity than the same tasks
performed by older Koreans (mean age, 67.3 ±
2.7 years) in this study (Table 3). A gardening
task can be performed with different tools
(e.g., type, weight), methods, or under different
conditions (e.g., compactness of soil, garden
size). The variables for gardening methods,
environment, and subject characteristics (e.g.,
age, subject physical fitness) can affect to the
exercise intensities of gardening tasks (Gunn
et al., 2004, 2005).

Measuring heart rate during steady-state
conditions is an indirect way to estimate ex-
ercise intensity (Åstrand and Rodahl, 1986).
The indirect method is based on a linear rela-
tionship between heart rate and VO2 during
daily activities, work, or sports. The relation-
ships between the heart rate and VO2 may be
different for exercises that engage a large
muscle mass compared with exercises using
smaller muscle masses (Eston and Brodie,
1986; Vokac et al., 1975) and the kind of ex-
ercise (Bhambhami et al., 1997; Collins et al.,
1991; Kilbom and Persson, 1981). Many
studies have shown that the heart rate and
VO2 relationship was modified when using
different muscle masses or different modes
of exercise (Maas et al., 1989; Rayson et al.,
1995; Vokac et al., 1975).

Moderate-intensity gardening tasks in-
cluded weightbearing motions and used
both the upper and lower body. For example,

spreading fertilizer on the garden plot (1 m ·
1.8 m) from a bucket using a shovel followed
by mixing it into the soil with a shovel (1.3 kg)
(Table 1) used weightbearing motions and re-
quired upper and lower body muscle strength
(Restuccio, 1992). A garden exercise program
can be developed for physical health ben-
efits that improves muscle strength, flexi-
bility, balance, physical function ability, or
bone mineral density. Park et al. (2009) found
that active gardeners older than 65 years (mean
age, 73 years) who worked in their home gar-
den using moderate-intensity activities for
more than 150 min per week had better self-
reported physical health than those who were
also active but did less gardening. Moreover,
daily gardening by Americans (mean age,
72 years) involved moderate-intensity phys-
ical activities (3.8 ± 1.4 METs), which they
performed for an average of 33 h during
a typical week in May and �15 h a week in
June and July (Park et al., 2008c). The older
gardeners met the physical activity recom-
mendation of at least 30 min of moderate-
intensity physical activity on most days of
the week through gardening. Thus, gardening
may offer the same physical and psycholog-
ical benefits (e.g., lower total cholesterol,
lower blood pressure, lower mortality, hand
function ability, bone mineral density, psy-
chological well-being, and social integration)
as non-gardening forms of physical activ-
ities (Armstrong, 2000; Park et al., 2009;
Reynolds, 1999, 2002; Turner et al., 2002;
Walsh et al., 2001).

In conclusion, the MET values of gar-
dening tasks measured in a practical setting
should be invaluable when designing garden
exercise programs that meet the physical ac-
tivity requirements for improving or main-
taining physical health conditions of older
adults. Furthermore, a horticultural therapy
program for improving physical functional
health conditions in such adults with low
levels of physical ability can be designed
using gardening tasks of low to moderate
intensity.
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