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SUMMARY. The objective of this study was to investigate if older gardeners meet the
Centers for Disease Control and Prevention and American College of Sports
Medicine physical activity (PA) recommendation of at least 30 minutes of moderate
intensity PA on most days of the week through gardening. The heart rate of 14
gardeners (five women, nine men) aged 63 to 86 years was continuously measured
through radiotelemetry, during gardening. Oxygen uptake and energy expenditure
were measured through indirect calorimetry using a submaximal graded exercise test
in a laboratory. To determine how long the subjects gardened and the kinds of
gardening tasks performed, an observational study was conducted by two trained
observers, and weekly logs were completed by the subjects. To investigate the subjects
physical and mental health conditions, the Short-Form 36 Health Survey (SF-36)
was used. Gardening was determined to be moderate intensity (3.8 ± 1.4 metabolic
equivalents) PA. The subjects’ average gardening time during the observational study
was 53 minutes. The subjects reported gardening an average of 33 hours in a typical
week in May and almost 15 hours in a typical week in June and July. Results from the
SF-36 indicated that the subjects were physically and mentally healthy. In conclusion,
healthy older gardeners can meet the PA recommendation from their daily gardening
and it may be a factor leading to good physical and mental health.

A
bout 90% of adults over 65
years of age have at least one
chronic health problem (Fed-

eral Interagency Forum on Aging
Related Statistics, 2000; Hoffman
et al., 1996). Biological changes,
chronic diseases, functional disability,
and psychological problems are com-
mon phenomena among the elderly
(Dustman et al., 1994; Katz, 1983).
Participation in regular physical activity
(PA) may reduce and prevent many
chronic diseases associated with aging
and help maintain independent living
(American College of Sports Medicine,
1998; Galloway and Jokl, 2000). The
Centers for Disease Control and Pre-
vention and the American College of
Sports Medicine recommend at least
30 min of moderate intensity PA on
most days of the week to maintain or
improve health (Nelson et al., 2007;
Pate et al., 1995). Moderate intensity
PA, such as brisk walking, swimming,
cycling, or dancing, causes some in-
crease in breathing or heart rate (HR)
(Marcus and Forsyth, 2003).

Gardening is a popular leisure-
time activity (men 45%, women 35%)
of adults aged 65 years or older in the
United States (Yusuf et al., 1996).
Gardening has the possibility of offer-
ing the health benefits from PA for
older adults. Reynolds (1999) reported
that gardening improved the grip
strength of participants in a 6-month
program, and cardiovascular fitness was
expected because gardening activities
elevated HR. In another study, Rey-
nolds (2002) reported that participants
in a 3-month gardening program
showed improvement in mental health
and depression. Gardening is expected
to influence whole body bone mineral
density because it includes weight-bear-
ing motions such as pushing a mower,
digging holes, pulling weeds, carrying
soil and other gardening items, and
because it uses the whole body (Turner
et al., 2002). Turner et al. (2002)
reported that jogging, swimming, and

calisthenics were weak predictors for
high bone density, while bicycling,
aerobic exercise, walking, and dancing
were moderate predictors, and yard
work and weight training were strong
and positive predictors. Although there
is some evidence as to the positive
health benefits from gardening, there
is limited reported research on garden-
ing for health in older populations.

Given the many health benefits
of regular PA and that gardening is a
major leisure-time activity of older
adults, can gardening provide the
health benefits of regular PA? In
preliminary research, we determined
that nine common gardening tasks
were low to moderate intensity PA
in older adults (S. Park, C. Shoemaker,
and M. Haub, unpublished data).
The HR of older adults, during nine
common gardening tasks, was direc-
tly measured through radiotelemetry.
After completion of the HR measure-
ments, the subjects’ oxygen uptake
(VO2) was measured through indirect
calorimetry using a submaximal graded
exercise test (GXT) in a laboratory.
Based on the values of HR and VO2

from the gardening tasks, metabolic
equivalents (METs) were calculated.
METs are a common measure of ex-
ercise intensity—low intensity activities
have a MET value of less than 3.0,
moderate intensity have MET values
of 3.0 to 6.0, and vigorous intensity
activity values are greater than 6.0
(Pate et al., 1995). Garden tasks that
use the upper and lower body (digging,
turning compost, raking, transplant-
ing plants, and mulching) offered
moderate intensity PA (2.5 ± 0.5 to
3.6 ± 0.8 METs) and tasks primarily
using the upper body in a standing or
squatting postures (hand weeding,
mixing soil, filling containers with soil,
and transplanting seedlings) were
forms of low intensity PA (1.6 ± 0.5
to 2.3 ± 0.9 METs). Therefore, our
hypothesis for this study was that older
adults who describe themselves as gar-
deners meet the PA recommendation
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(exercise intensity and time spent
gardening) through their daily gar-
dening. The hypothesis was tested
using nonexperimental, descriptive
methods of correlation, observation,
and survey. This study is part of a
larger investigation characterizing
gardening activities to preserve phys-
ical function in older adults.

Materials and methods
SUBJECTS. The list of volunteers

that serve the Kansas State University
Gardens was used to recruit partici-
pants by phone. Recruitment was also
done in person at locations known
to be frequented by older adults in
Manhattan, KS, such as a senior center
and coffee shops. Inclusion criteria
were participants with no uncontrolled
chronic diseases, no heart and lung
diseases, no pacemaker, nonsmokers,
and gardeners over 60 years old (while
specific chronological markers for old
age are arbitrary, gerontologists focus
on aged 60 years and older, which is
what we used in defining an older
adult). Forty subjects were recruited
and 14 met the criteria and obtained
their physician’s approval to partici-
pate. The 14 subjects were 63 to 86
years old, with five women and nine
men. In an orientation session,
informed written consent was obtained
after the subjects were briefed on the
experimental procedures and sched-
ules. The study consisted of observing
the subjects and measuring HR while
they were gardening in their own
garden, collecting metabolic measure-
ments based on gardening HR in a
laboratory, and completion of a sur-
vey and gardening logs. At the con-
clusion of the study, subjects received
a $10 gift card to a local market.

OBSERVATION. This study was
conducted in Manhattan, KS, at each
subject’s garden in June and July 2006
in the morning or evening to avoid the
hottest part of the day. Pretesting of
the observational data sheet and train-
ing of the observers were done in
Spring 2006. Two observers (a grad-
uate student and an undergraduate
student in the Department of Horti-
culture, Forestry, and Recreation
Resources, Kansas State University)
visited the subject’s garden twice.
The observational data sheet allowed
the observers to easily record the gar-
dening tasks observed and, using a
stop watch, the time spent on each
gardening task (Table 1). The data

sheet also included a section for the
observers to record the body positions
used and the tools used during each
gardening task (data not shown). The
total amount of time spent gardening
each time was recorded and there was
no limitation by the observers on how
long the subjects gardened or what
gardening tasks they performed. The
subjects performed their garden tasks
freely without any limitation or inter-
ference from the observers. All sub-
jects gardened no more than 2 h
during the observations. The average
temperature was 24.1 �C ± 3.3 �C and
the relative humidity was 67.1% ±
21.8% during gardening.

METABOLIC MEASUREMENTS.
During the gardening observation, each
subject’s HR was continuously meas-
ured by radiotelemetry (Polar S 610i
heart rate monitor; FitMed, Kempele,
Finland). Each subject wore an HR
monitor under their breast on the
skin and had a wireless HR storage
device on their wrist. The HR data

were continuously recorded in the
wireless storage from the start to the
end of their gardening. After the two
observational periods, each subject’s
VO2 was measured using a GXT in a
laboratory setting. Each subject wore
a mask over their mouth with their
nose plugged and a HR monitor
(Polar S 610i) under their breast
while walking on a treadmill (model
964i; Precor, Woodinville, WA) at
different speeds and elevations until
reaching the highest HR that had
been measured while they gardened
(Gardening HRmax). Expired gases
were directed to a metabolic cart
(ParvoMedics, Provo, UT) through
a nonrebreathing mouthpiece (Hans-
Rudolph, KS City). The flow meter
and gas analyzers were calibrated
before testing. Laboratory tempera-
ture and relative humidity were 26 �C
and 30% to 60%, respectively.

The HR and VO2 measurements
were used to calculate METs to deter-
mine the exercise intensity of garden-
ing. One MET is a resting metabolic
rate of 3.5 mL�kg–1�min–1 oxygen.
Energy expenditure (EE) and percent-
age of Gardening HRmax were calcu-
lated using the following equations:

EE in kilojoules per kilogram per hour

= caloric expenditure in kilocalories

per minute 3 ð4:186 3 60Þ
4kilograms of body weight

Gardening HRmax in percent

=
Gardening HRAVG � Resting HR
� �

Gardening HRmax� Resting HRð Þ
3 100

Descriptive information on the
subjects included height, weight, body
mass index (BMI), resting HR, and
age-adjusted HRmax (age-adjusted
HRmax = 220 – age in years). Height
and weight were measured with a wall
stadiometer (model 216 stadiometer;
Seca, Brooklyn, NY) and electronic
balance (model ES200L; Ohaus Cor-
poration, Pine Brook, NJ), and BMI
was calculated [BMI = weight in kilo-
grams O (height in meters)2]. Sub-
jects sat on a chair before starting the
GXT test and their resting HR data
for 10 min was recorded.

SURVEY INSTRUMENT. To deter-
mine the physical and mental health
conditions of the subjects, the Short-
Form 36 Health Survey (SF-36) was
used. The SF-36 is a 36-item self-rated

Table 1. Recording sheet used by
trained observers when observing
older adults gardening in a study to
determine if older gardeners meet
the physical activity
recommendation of 30 min of
moderate intensity physical activity
most days of the week through their
gardening activity. The
observational data sheet allowed the
observers to easily record the
gardening tasks observed and, using
a stop watch, the time spent on each
gardening task. This data sheet also
included a section for the observers
to record the body position
performed and tools used during
each gardening task (data not
shown). In the example below, the
person weeded for 30 min, rested for
5 min, and deadheaded for 10 min.
Instructions: Using the following
table, write down each activity the
gardener is performing and for how
long throughout the entire
observation time. Please explain
how, as well as what, they are doing.

Gardening
activity

How
long
(min) Motion

Tool
used

Weeding 30:00
Resting 5:00
Deadheading 10:00

Total:
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survey that measures eight domains of
health: physical functioning, role lim-
itations due to physical health, bodily
pain, general health perceptions,
vitality, social functioning, role limi-
tations due to emotional problems,
and mental health. It yields scale
scores for each of these eight health
domains, and two summary measures
of physical and mental health: the
physical component summary and
mental component summary. The
SF-36 has proven useful in surveys
of general and specific populations
and in differentiating the health ben-
efits produced by a wide range of
different treatments. The reliability
of the eight scales and two summary
measures has been estimated using
internal consistency and test-retest
methods. Published reliability statis-
tics have exceeded the minimum
standard of the 0.70 recommended
for measures used in group compar-
isons in more than 25 studies (Tsai
et al., 1997); most have exceeded
0.80 (McHorney et al., 1994; Ware
et al., 1993). Reliability estimates for
physical and mental summary scores
usually exceed 0.90 (Ware et al.,
1994). Studies to date have reported
content, concurrent, criterion, con-
struct, and predictive evidence of
validity (Ware, 2000).

At an orientation meeting, sub-
jects completed the SF-36 survey and a
questionnaire written by the research-
ers with demographic questions and
questions on amount of time and
frequency of each gardening task and
the kinds of gardening they performed
in May. Subjects were also given
weekly logs to be completed twice,
once during a typical week in June and
again during a typical gardening week
in July. The subjects were asked to
record their gardening activities, time
spent gardening, and the frequency of
each task in their weekly logs. Time
and frequency were used to calculate
average gardening time.

DATA ANALYSIS. SF-36 data were
scored using SF-36 Scoring Software
(Quality Metric, Lincoln, RI). This
software also performs norm-based
scoring, through linear transforma-
tions of scores to a mean of 50 and
standard deviations of 10, in the gen-
eral U.S. population. This transfor-
mation achieves the same mean and
standard deviation for all eight scales
and for the physical and mental sum-
mary measures. A norm-based score

below 50 indicates that health-status
is below average and above 50 indicates
above average health status. With norm-
based scoring, differences in scale scores
is more clearly reflected (Ware, 2000).
Summary statistics were calculated
using Excel (Microsoft Office 2002;
Microsoft Corp., Redmond, WA).

Results
CH A R A C T E R I S T I C S O F T H E

SUBJECTS. The mean age of the sub-
jects was 72 ± 8 years (Table 2). Fifty-
seven percent of the subjects had
home gardens, 29% had a plot in a
community garden, 7% had a garden
at a space remote from their home,
and 7% had a community garden and
other space remote from their home.

SF-36 data indicated the subjects
in this study were healthy. A compar-
ison of SF-36 health determinates of
the subjects and their age cohort from
the general population based on the
norm-based scoring indicated that the
health conditions of the older garden-
ers in this study were above average,
while that of their norm-based age
cohort was below average (Table 3)
(Ware, 2000; Ware et al., 2002).

OBSERVATION OF GARDENING.
The gardeners in this study were
found to be performing moderate
intensity (3.8 ± 1.4 METs) PA and
gardened on average 60 ± 25 min

during a gardening observation (Table
4). The gardening tasks performed by
more than 50% of the subjects are
shown in Fig. 1.

SELF-REPORTED TIME SPENT AND

TASKS PERFORMED WHILE GARDENING.
The gardeners reported they spent an
average of 33 h per week gardening in
May. The garden tasks performed by
more than 50% of older gardeners in
May are shown in Fig. 2. The average
time gardening in June and July was
15 h in 1 week. The garden tasks
performed by more than 50% of the
subjects during June and July are
presented in Fig. 3.

Discussion
Can older gardeners meet the

Centers for Disease Control and Pre-
vention and the American College of
Sports Medicine PA recommendation
of at least 30 min of moderate inten-
sity PA on most days of the week
through gardening? Self-reported
time spent gardening and metabolic
measurements taken while gardening
show that subjects performed at the
intensity and time to meet the recom-
mendation. The data from this study
suggest that for 63 to 86-year-olds

Table 2. Descriptive characteristics
of the subjects participating in the
study to determine if older
gardeners meet the physical activity
recommendation of 30 min of
moderate intensity physical activity
most days of the week through their
gardening activities.

Measurement

Subject
(n = 14)

Mean SD

Age (years) 72 8
Race White
Height (cm)z 168.9 7.0
Body wt (kg)z 80.1 14.0
Body mass

index (kg�m–2)z 28.1 5
Resting heart

rate (beats/min) 76 9
Resting metabolic

equivalents (METs) 1 0.1
Age-adjusted HRmax

(beats/min)y 148 8
z1 cm = 0.3937 inch, 1 kg = 2.2046 lb, 1 kg�m–2 =
0.2048 lb/ft2.
yAge-adjusted maximum heart rate (HRmax) = 220 –
age in years.

Table 3. Average Short-Form 36
Health Survey (SF-36) scores for
older adult subjects in a study to
determine if older gardeners meet
the physical activity
recommendation of 30 min of
moderate intensity physical activity
most days of the week through their
gardening activity.

SF-36z Avgy Standardx

Physical functioning 51.90 44.87
Usual role: physical 50.69 45.28
Bodily pain 53.05 47.97
General health 54.83 46.72
Vitality 54.41 50.10
Social functioning 55.59 50.27
Usual role:

emotional 53.84 48.34
Mental health 56.93 52.60
Physical health

summary 51.04 43.93
Mental health

summary 56.68 51.57
zSF-36 consists of eight scales and two summary
component measures (Ware et al., 1993).
yNorm-based scoring transformed to have a mean of
50 and an SD of 10 from the 1998 U.S. general
population. Health status is so it reads: A scale score
below 50 means health status is below average (Ware,
2000).
xThe values are norms for the general population aged
65 to 74 years old (Ware et al., 2002).
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that identify themselves as gardeners,
gardening can contribute to the 30
min per day of moderate intensity
activity required to confer health ben-
efits during the months of May, June,
and July in middle America.

In this study, the gardening tasks
performed by more than 50% of the
older gardeners while being observed
gardening and reported in their gar-
dening logs overlapped considerably.
Even though the subjects HR was
measured while gardening only on 2 d,
this considerable overlap in observed
and self-reported garden tasks suggests
that the exercise intensity of their daily
gardening activities can be considered
as a moderate intensity PA.

Gardening in May included two
different tasks, trimming and planting
seedlings or shrubs, compared with
gardening tasks performed in June
and July. This variation of tasks indi-
cates that gardening is a dynamic
activity because the garden tasks
change with the seasons and the var-
ious plant growth cycles. Boredom
during exercise is commonly cited as a
reason for not exercising (Restuccio,
1992); however, because gardening
tasks provide interest and change
throughout the seasons, it may foster

PA. A sedentary lifestyle is one of the
factors for increased risk in the de-
cline of functional status of muscular
strength and endurance, flexibility,

balance, and cardiopulmonary capac-
ity, particularly in older adults (Burbank
and Riebe, 2002). Gardening encour-
ages activity, thus helping to avoid a

Table 4. Metabolic measurements of
older adults from their gardening
activities in a study to determine if
older gardeners meet the physical
activity recommendation of 30 min
of moderate intensity physical
activity most days of the week
through their gardening activity.

Measurement

Subject
(n = 14)

Mean SD

Gardening HRAVG
z 98 18

VO2 (mL�kg–1�min–1)y 13.5 5.0
% Gardening HRmaxx 49 21.9
Gardening HRmaxw 119 20
Metabolic equivalentsv 3.8 1.4
Caloric expenditure

(kJ�kg�h–1)u 17.1 9.3
Gardening time (min) 60 25
zGardening HRAVG = average heart rate measured
continuously while gardening.
yVO2 = average oxygen uptake measured using a
submaximal graded exercise test in a laboratory based
on gardening heart rate, 1 mL�kg–1�min–1 = 0.0153 fl
oz/lb per minute.
xPercentage gardening HRmax = percentage of the
highest gardening heart rate.
wGardening HRmax = highest heart rate measured
while gardening.
vCalculated using gardening heart rate and VO2.
u1 kJ�kg�h–1 = 0.1083 calorie/lb per hour.

Fig. 1. Gardening tasks performed by more than 50% of subjects that were observed
gardening in June and July in a study to determine if older gardeners meet the
physical activity recommendation of 30 min of moderate intensity physical activity
most days of the week through their gardening activity. zAverage time of the
gardening task reported in parentheses.

Fig. 2. Gardening tasks performed by more than 50% of subjects in May from a
written questionnaire in a study to determine if older gardeners meet the physical
activity recommendation of 30 min of moderate intensity physical activity most days
of the week through their gardening activity. zAverage time of the gardening task
reported in parentheses.
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sedentary lifestyle. On the other
hand, the seasonality of gardening
can be a limiting factor or limitation
for regular PA. Mobily et al. (1995)
reported that gardening and yard
work activities were restricted to sea-
sonal variations. For example, older
adults in two medium-sized midwest-
ern U.S. communities spent�57 min
gardening and 506 min in yard work
in the winter season.

Results from this study support
the need for a larger similar study that
would encompass all the regions of
the United States. Continued re-
search in this area should investigate
the specific effects of gardening on
health issues in older adults.
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