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ABSTRACT

This report summarises findings of an ergonomic evalu-
ation of manual planting under three different site condi-
tions. Heart rate data were collected and analysed using
several heart rate indices. The three sites did not differ
greatly, producing mean working heart rates that ranged
from 132.7 bt.min" (+ 16.2) to 134.9 bt.min" (+ 13.8).
Results indicate that manually planting Pinus radiata seed-
lings on all three sites can be classified as “hard continu-
ous work” or “very heavy work”. Planters maintained simi-
lar mean working heart rates for all three sites by decreas-
ing productivity as planting conditions became more diffi-
cult. Body part discomfort was only experienced when
planting on pasture, where slight to severe discomfort was
reported 48% of the time. Hazard occurrence was low for
all three site conditions.

Keywords: Planting, workload, forestry, ergonomics,
heart rate.

INTRODUCTION

The majority of New Zealand’s 1.3 million hectares of
- production forests are planted manually. Manual planting
is an extremely important task, as the quality of the plant-
ers’ work will affect the growth of the tree over the next
20 to 30 years and the trees eventual economic return.
Accordingly, we would expect that planters would have
been an intensively studied group. This, however, has not
been the case.

An earlier pilot study investigating the physiological
workloads of New Zealand planters [18] found that plant-
ing flat, ripped and mounded cutover imposed the highest
workload, resulting in a mean working heart rate (HR )
of 153.1 beats per minute (bt. min?). Contour planting
induced a mean HR  of 129.6 bt. min" and uphill planting
144.1 bt. min". According to the classification of work-
load [4], the findings of the pilot study [18], placed con-
tour and uphill planting in the “Very heavy work” cat-
egory, while planting on flat, ripped and mounded cutover
was classified as “Extremely heavy”.

The authors are Faculty members at Massey University.

However, the pilot study also found that the productiv-
ity differed significantly between the three conditions [18].
Planting productivity on the flat, ripped and mounded site
was almost 40% higher than on the other two sites. Thus,
it would appear that the increase in physical workload was
mainly due to an increase in productivity. This was sup-
ported by research conducted in Chile [2], which found
that when planters were able to plant at a faster rate, they
produced more and hence had a higher physical work-
load.

A Norwegian study, comparing planting on ordinary ter-
rain and steep terrain, found that the physical workload
was nearly the same under both conditions [20]. This re-
search also found that the work output was nearly dou-
bled when the work was performed on ordinary terrain.
Therefore, in order to cope with the increased workload
imposed on the planter by the steep terrain, the planter
reduced his workpace. This phenomena has been termed
constant strain behaviour [25, 17].

A Canadian study [19] investigating cardio-vascular and
muscular strain among seedling planters, found a group
mean heart rate of 116.5 bt. min". This placed planting in
the “Heavy work” category.

This paper describes the first comprehensive ergonomic
assessment of manual planting to be carried out in New
Zealand.

METHOD
Subjects

Participation of subjects in the project was voluntary,
with each subject being provided with adequate and ap-
propriate information about what their participation in-
volved. Each subject had the right to decline to partici-
pate in the project, or withdraw from participation at
anytime, without penalty of any kind and without provid-
ing reasons.

The study group consisted of six male subjects, with an
average age of 23 (range 19-27). All subjects were well
conditioned to the job, having on average 1 years experi-
ence (range 2 months to 4 years). The subjects normal
working day consisted of working from 0700 hrs to 1600,
with one rest break 1100 hrs until 1200 hrs. All subjects
were paid on a contract piece rate basis. Therefore, pay-
ment depended on the number of seedlings each individual
planted each day.
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Table 1 shows the number of planters measured and the
sites on which they were measured. Each planter was ob-
served for one complete working day on each site they
worked at.

Table 1. Planters and conditions.

planted in. The seedling was then placed roots first into
the hole. The soil around the seedling was firmed slightly
with the foot and the seedling was pulled up to correctly
orient the roots. The soil around the seedling was then
firmed in properly with the foot.

The spot mounded area required the planter to firstly

Site Condition Planter 1  Planter 2 Planter 3 Planter 4 Planter 5 Planter 6
Pasture yes yes yes yes yes no
Spot-mounded yes no yes yes yes yes
Untreated Cutover no no no no yes yes

Physiological Workload

Each subject’s heart rate was recorded at | minute in-
tervals using a PolarElectro 3000 portable heart rate moni-
tor. Heart rate was recorded for the entire working day,
including during the rest break.

Logistical difficulties prevented the measurement of true
resting heart rates. Therefore, as soon as the crew vehicle
completed the 40 - 90 minute journey to the planting site,
the subjects were taken aside and the heart rate monitor
was fitted to their chest. The subjects were then asked to
sit down for 10 minutes. At the end of this period, the
subject’s heart rate was recorded as their pre-work rest-
ing heart rate. Although this is not the prescribed method
for determining a subject’s resting heart rate, the payment
system used by this crew imposed severe time restrictions
on the amount of time the subjects were willing to remain
immobile. The use of pre-work resting heart rates has been
found to be an acceptable compromise between scientific
and production requirements [8, 22].

The heart rate and work task were merged using a 586
personal computer and Microsoft Excel. Analysis was
undertaken using Statistics, resulting in the calculation of
mean heart rates for each element of the work task. Mean
working heart rates (HR ) contained the sum of the entire
working day’s heart rate recordings, including those taken
during the one hour rest break. Mean working heart rates
were converted into three relative measures of strain, the
percentage of heart rate range, ratio of heart rate work to
heart rate sleep and the 50% level of heart rate reserve.

Planting Techniques

The planting technique varied between the three sites.
The pasture and the untreated cutover sites required the
three horizontal spade cut method, while the spot mounded
cutover required a one spade cut method. The three spade
cut method involved making two cuts approximately one
spade length apart and then one in the middle. Within the
middie cut, the spade was pushed forwards and then pulled
backwards to make a bigger hole for the seedling to be

firm the mound with their foot, then the spade was placed
into the mound to create a hole for the seedling. The soil
around the seedling was then firmed slightly, again with
the foot and the seedling was pulled up to correctly orient
the roots. The soil around the seedling was then firmed in
properly with the foot.

Study Location

The study was undertaken at three sites within the cen-
tral North Island of New Zealand. The pasture compo-
nent was undertaken on a recently purchased farm block
near Te Harotau. The spot mounded and untreated cutover
sites were located within Kaingaroa Forest. Kaingaroa is
New Zealand’s largest plantation forest and covers an area
of over 149,000 ha.

Productivity

The activities involved in planting were separated into
eight different tasks, and recorded on a Husky Hunter
field computer.

The eight work elements were:

Walk in: Walk from the rest area to the area where work

began.

Walk out: Walk from the area of work to the rest area.

Plant: Prepare the ground with the spade, planting the

seedling, firming in the seedling and walking be-
tween seedlings.

Get box: Get a new box of seedlings, change box and re-

turn with the box.

Repairs & Maintenance: Repairing or maintaining the
spade or other equipment nec-
essary for planting.

Operational delay: Delays caused by work-related con-

cerns.

Personal delay: Delays caused by the workers personal
requirements, such as drinking and toilet
breaks.

Researcher delay. Delays caused by the researcher, or the

researchers equipment.
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The time spent undertaking each activity was recorded
using the continuous time study programme Siwork 3 [16).
Task-dependant factors such as the number of seedlings
planted, and the weight of planting boxes were also col-
lected by the researchers. Box weight was measured us-
ing electronic scales.

Hazards

Potentially hazardous situations were defined prior to
data collection by a team consisting of experienced plant-
ers, ergonomics researchers, and planting researchers. The
subjects were closely followed (within 5 metres) by the
authors throughout the work day and hazards were noted,
using the Siwork 3 programme, as they occurred. Both
researchers were experienced in undertaking this type of
research.

Body Part Discomfort

Body part discomfort was measured hourly using the
modified Nordic method [6]. The planters were shown
the body part diagram and asked to indicate where (if at
all) they felt discomfort as a resuit of work. They were
then asked to rate how severe the discomfort was on a
five point scale, with 1 being “none” and 5 being “unbear-
able”.

Environmental Conditions

Measurement of wet and dry bulb temperatures were
taken at 15 minute intervals during the day, using a whirl-
ing hygrometer. Measurement was undertaken as close as
possibie to the area where the subjects were working. The
thermal index used was the Oxford Index (WD), where

180 +

160 1

i

Y

140 ~' I Eﬂ/’M i

120 + ui

WD =0.85t , +0.15t,. (t , = aspirated wet bulb tempera-
ture and t, = dry bulb temperature [15]. An inclinometer
was used to measure the ground slope along the direction
of planting. Soil shear strength was measured, in
megapascals (MPa), using a shear vane.

RESULTS
Physical Workload

The heart rate results are summarised in Table 2. The
average work heart rate for pasture was 134.8 bt. min" (+
14.7), spot mounded was 132.7 bt. min* (+ 16.2), and the
untreated cutover was 134.9 bt. min! (+ 13.8). ANOVA
revealed there was a significant difference (P < 0.01) be-
tween the mean working heart rates. A pairwise compari-
son of the means indicated that mounded was significantly
different (P < 0.05) from both pasture and cutover. Pas-
ture and cutover were not significantly different. The pre-
work resting heart rates ranged from 55 to 65 bt. min.
The average relative heart rate at work was 53.0% (+3.7)
for pasture, 51.0% (+ 7.8) for mounded and 55.0% (+
5.5) for cutover. The average ratio of HR  to HR was 2.2
(+ 0.2) for pasture, 2.1 (+ 0.2) for mounded and 2.2 (+
0.1) for cutover. The average ratio of HR  to 50% level
was 1.03 (+ 0.04) for pasture, 1.01 (+ 0.08) for mounded
and 1.06 (+ 0.06) for cutover.

The heart rate trace for Subject 1, planting on the pas-
ture, is shown in Figure 1. The trace shows the subjects
heart rate from the start of the working day until its com-
pletion, including a 40 minute lunch break. The trace is
reasonably representative of the five remaining subjects
and three planting conditions.
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Figure 1. Subject 1 working heart rate (complete day).
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Table 2. Mean heart rate indices/subject.

Site Subject Age n HR  (+SD) HR, %HRR Ratio 50% HR, 50%

Level Level

Pasture 1 20 496 133 (+24.5) 65 504 2.05 133 1.00
2 27 434 128 (+ 19.0) 55 529 233 124 1.03

3 21 509 140 (+ 12.6) 60 57.6 233 130 1.08

4 19 420 138(+ 15.4) 60 553 2.29 131 1.05

5 21 432 128 (+ 15.9) 65 47.0 1.97 132 097

Mean 22 458 134.8 61 53 22 130 1.03

(+2.8) (+42.8)  (+14.7) (+37) (37 (+02) (+32)  (+0.04)

Mounded 1 20 240# 127 (+13.0) 65 459 1.95 133 0.95
3 21 232¥ 136 (+ 18.8) 60 54.7 227 130 1.05
4 19 207%¥ 133 (+9.4) 60 51.8 221 131 1.02
5 21 254Q) 120 (+ 11.2) 65 41.0 1.85 132 0.91
6 25 2430 147 (£ 12.1) 62 63.9 2.37 129 1.14
Mean 21 235 132.7 62 51 21 131 1.01
(+20)  (+158)  (+162)  (322)  (£7.8) (:02) (+14)  (:0.08)
Cutover 5 21 240Q2 132(+ 14.4) 65 50.0 2.03 132 1.00
6 25 7904 143 (+ 6.9) 62 60.9 2.31 129 1.11
Mean 23 160 1349 64 55 2.2 131 1.06
(+20)  (#81)  (£138)  (x15)  (#55) (0.1) (15  (+0.06)

# Half a days data lost due to equipment failure
¥ Worked half day due to heavy rain and strong winds
Q Spent half a day planting on mounded and half a day planting on cutover

Discomfort Rating

(1) None

(2) Slight
(3) Moderate
(4) Severe

Mid Back (3) (10%) (5) Unbearable

Discomfort Rating Right Elbow (3) (20%)

Hips (4) (3%)

% Occurence during the study Lower Legs (3) (6%)

/ Ankles (2) (3%)

Figure 2. Body part discomtort on the pasture (all subjects combined).

Bottom of Feet (3) (6%)



Hazards

The number of hazards per 100 seedlings planted and
per hour are shown in Table 3. On the pasture, the number
of hazards per 100 seedlings planted was 0.71, meaning
that on average one hazard was recorded every 141 seed-
lings planted. On the mounded site the researchers recorded
0.29 hazards per 100, meaning that on average the re-
searchers noted one hazard per 345 seedlings planted. On
the cutover site 0.12 hazards were recorded per 100 seed-
lings, meaning that on average one hazard was recorded
every 834 seedlings planted. The hourly hazard rate was
1.09/hr on the pasture, 0.56/hr on the mounded site and
0.25/hour on the untreated cutover. There were only three
types of hazards recorded during the study. Slips accounted
for 76% of all hazards, with hitting a solid object (with the
spade) or hitting the boot with the spade accounting for
the remainder.

Table 3. Hazards by site.

Site Hazards per Hazards
100 Seedlings per Hour
Pasture 0.71 1.09
Spot Mounded 0.29 0.56
Untreated Cutover  0.12 0.25
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Work Activity

The subjects’ working day was broken down into pri-
mary activities. The average time spent undertaking each
activity, together with the average heart rate for that ac-
tivity, are shown in Tables 4-6. On the cutover the major-
ity of the time was spent planting (74%), followed by get-
ting a box and walking in (Table 4). There was no time for
lunch breaks on the cutover due to the fact that the plant-
ers worked the first half of the day on the mounded site,
had their lunch break and then travelled to the cutover
site, where they worked for the rest of the day. Table 5
shows that on the mounded site, the majority of the time
(72%) was spent planting, followed by getting boxes and
lunch breaks. Table 6 shows that on the pasture, the ma-
jority of the time (72%) was spent planting. The lunch
break was the second largest percentage of time, followed
by getting boxes.

Productivity

The number of seedlings planted per hour was significantly
different for the three sites (P < 0.05). A pairwise com-
parison indicated that pasture was significantly lower than
mounded and cutover, but mounded and cutover were not
significantly different (Table 7). In terms of box weight, a
pairwise comparison indicated that pasture and cutover
were statistically different (P < 0.05), but neither of the
other two comparisons were significantly different. On the
pasture the number of seedlings per box was significantly
different (P < 0.01) from both mounded and cutover, but
mounded and cutover were not significantly different. The
planting methods differed between sites, with the pasture
and cutover sites requiring three spade cuts and the
mounded only one.

Table 4. Work activity, average heart rate and task duration -- Cutover.

n Average HR + SD % Time
Plant 237 1394+ 10.8 74
Get Box 37 1259+120 12
Walk in 20 111.5+ 11.5 6
Walk out 7 126.5+17.1 2
Personal delay 16 119.3+8.6 5
Researcher delay 2 115.5+0.7 1

n = number of observations
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Table 5. Work activity, average heart rate and task duration --Mounded.

n Average HR + SD % Time
Plant 851 137.2+14.1 72
Get Box 126 1240+ 16.3 11
Walk in 15 1195+ 124 1
Walk out 16 113.1 + 149 1
Operational delay 38 111.6 + 10.5 3
Personal delay 53 114.0 + 8.8 5
Researcher delay 8 1227 +5.1 0.5
Lunch break 69 98.4+17.1 6.5
n = number of observations
Table 6. Work activity, average heart rate and task duration -- Pasture.
n Average HR + SD % Time
Plant 1919 1388 +11.7 72
Get Box 151 1264+ 172 6
Walk in 27 130.4 +13.6 1
Walk out 62 1319+ 199 2
Operational delay 45 1055+ 164 1.5
Personal delay 145 112.1+9.0 6
Researcher delay 15 121.2+75 05
Lunch break 300 1004+ 11.0 11
n = number of observations
Table 7. Productivity.
Site Seedlings per Hour Weight (Kg) No. Per Box No. spade cuts
Pasture 154.0 (+ 42.4) 6.9(+19) 147.9 (+ 10.3) 3
Spot Mounded 193.7 (+ 118.2) 6.4 (+09) 952 (+7.0) 1
Untreated Cutover 202.1 (+ 78.8) 54(+04) 95.2(+4.2) 3
Table 8. Environmental conditions.
Site Slope Soil Strength (Mpa) Oxford index
Pasture 22.8 (+ 13.0) 1.53 (+0.45) 8.1(+1.2)
Spot Mounded 1.6 (+ 1.4) 0.29 (+ 0.04) 9.6 (+2.3)
Untreated Cutover 7.9 (+ 48) 0.65 (+0.18) 10.8 (+ 0.5)
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Environmental Conditions

A pairwise comparison indicated that the slope on the
pasture was significantly different to both mounded and
cutover (P < 0.01), but mounded and cutover were not
significantly different (Table 8). In terms of soil strength,
all three means were significantly different (P <0.01), with
pasture clearly the strongest soil, followed by cutover. The
average Oxford index ranged from 8.1°C (+1.2) t0 10.8°C
(+0.5). A pairwise comparison indicated that pasture was
significantly lower than mounded and cutover (P <0.01),
although mounded and cutover were not significantly dif-
ferent.

DISCUSSION

Since oxygen uptake during work could not be recorded,
metabolic rates at work and energy expenditure could not
be estimated. Although measuring oxygen uptake at work
would have been preferable, the use of heart rate indices
to measure the cost of work has been well established [8,
14, 22, 23]. In fact, relative heart rate at work has been
shown to be “an analogous [to VO,] heart rate index of
the cost of work™ [14]. Therefore, several heart rate indi-
ces were used to estimate the degree of strain experienced
while planting on the three sites. These indices could then
be compared to those recorded by other studies to obtain
some understanding of the severity of the task on the three
sites. The indices used were the relative heart rate at work
[8, 21}, ratio of working heart rate to resting heart rate [8,
22] and the 50% level [8, 12, 22].

The mean working heart rates for the three sites ranged
from 132.7 bt.min* (+ 16.2) to 134.9 bt.min" (+ 13.9).
The mean heart rates calculated in the current study place
manual planting in the “Very heavy work™ category (Ta-
ble 9).

Table 9. Classification of workload [4].

Light work up to 90 bt. min™
Moderate work 90-110 bt. min™

Heavy work 110-130 bt. min!
Very heavy work 130-150 bt. min™!
Extremely heavy work 150-170 bt. min™!

Compared with other occupations within the New Zea-
land forest industry, the mean working heart rates recorded
here were higher than breakingout 106 + 6.9 bt.min"' [9],
motor-manual tree felling 107 + 5.5 bt.min* [11], first lift
pruning of Douglas fir 112 + 10.4 bt.min"' [8], second lift
pruning of Douglas fir 126 + 8.4 bt.min"' [7], manual con-
tour planting 129 bt.min* [18], but was not as high as
uphill planting 144 bt.min" and planting on a flat ripped

and mounded site 153 bt.min' [18].

The reasons for the recorded mean working heart rates
being lower than those recorded by the pilot research [18]
were firstly that the individual in the pilot study was the
contractor (owner of the planting crew) who wanted to
encourage his men to work fast and impress upon the for-
est company how difficult planting was. Secondly, in the
pilot study the crew went home after they had planted the
required number of seedlings. This meant the faster the
planters worked, the earlier they would get home. This is
in contrast to the present study where the planters would
finish work after a set time period.

In the pilot study the planter was monitored for 8 hours
contour planting, 6.5 hours planting on the ripped and
mounded site and 3 hours while planting uphill. There-
fore, classifying uphill planting as “very heavy work’” may
be a mis-classification, as the categories were designed
based upon an eight hour day. The ripped and mounded
site was close to 8 hours and contour planting was 8 hours,
therefore these two were correctly classified, at least for
that subject in that particular situation.

The recommended index level for continuous physical
work over an eight hour period is 40% of estimated aero-
bic capacity levels [8]. This level of estimated aerobic ca-
pacity is particularly important, as it is at this level, or
below that a person can work continuously for an eight
hour period without becoming fatigued [1, 4, 5, 13].

In the present study the mean relative heart rate (%
HRR) for the pasture was 53% + (3.7), for mounded it
was 51% (+ 7.8), and for the cutover it was 55% (+5.5).
These figures fall outside the recommended limits previ-
ously outlined, showing that the subjects were working at
an unsustainably high rate and would be expected to be
experiencing significant levels of residual fatigue. Since
the task of planting is self-paced, with the incentive of
high production rates equalling high financial reward, one
could safely assume that the planters in this study exceeded
their sustainable pace in order to obtain higher financial
rewards.

In terms of tasks within the New Zealand forest indus-
try, the mean relative heart rates were higher than first lift
manual pruning Douglas Fir 29 + 7% [8], motor-manual
tree falling 32 + 4.4% [11], breakingout 36 + 3.1% [11],
and second lift manual pruning Pinus radiata 39% [6].

As the % HRR is calculated for an eight hour day, meas-
uring a shorter day will result in an over-estimate. As the
planters, for the most part, worked a seven to eight hour
day (plus one lunch break consisting of between 30 to 60
minutes), the % HRR’s calculated here are not over-esti-
mates.
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The average ratio of working heart rate to resting heart
rate was 2.2 (+ 0.2) for pasture, 2.1 (+ 0.2) for mounded
and 2.2 (+ 0.1) for cutover. This ratio is higher than all
tasks previously measured in the New Zealand forest in-
dustry, including first lift pruning of Douglas Fir 1.45 +
0.08 [8], motor-manual tree falling 1.58 + 0.1 [11], and
breakingout 1.84 +0.11 [9].

It should be noted that the maximum heart rate was
estimated by subtracting the subjects age from 220 [4].
Although this method contains some degree of error, the
method has generally been accepted by researchers as a
valid method, which can be easily used [4, 8, 22].

The use of the HR /50% level has been accepted as a
simple and efficient way of estimating physical strain [8,
12]. If the resulting number is 1 or above, the work being
monitored can be classified as hard continuous work [12].
In the current research, the means for all three sites ex-
ceeded 1 (pasture - 1.03, mounded - 1.01 and cutover -
1.06). Therefore, planting on all three sites can be classi-
fied as hard continuous work. This is higher than any other
tasks measured in the New Zealand forest industry, in-
cluding first lift pruning of Douglas Fir 0.82 [8], motor-
manual tree falling 0.83 {11], and breakingout 0.85 [9].

The finding that the productivity was lowest on the site
with the least favourable conditions (largest slope, strong-
est soil, heaviest boxes), and yet the mean heart rate was
remarkably similar to the other two conditions, is in agree-
ment with the Norwegian research [20], but disagrees with
the Chilean research [2] and the pilot study [18]. Unfortu-
nately, the Canadian study {19] did not separate terrain
types. In the present study the planters compensated for
the increased demands of planting on the pasture (steeper
slopes, stronger soil and heavier boxes), by planting sig-
nificantly less seedlings per hour. However, despite the
mean HR  for mounded being statistically (P <0.05) lower
than both pasture and cutover, the mean heart rates were
approximately the same, as in the Norwegian research,
and heart rate indices were all similar.

Therefore, the results of the pilot study [18] and the
Chilean study [2] do not agree with the constant strain
behaviour, while the Norwegian study and the present study
support this phenomena. Consequently, further research
is needed to clarify this issue and determine what has caused
these divergent results.

The difference in the number of seedlings per box be-
tween the pasture site and the other two sites was stipu-
lated by the forest company. The forest company requested
that the planting boxes contained approximately 150 seed-
lings on the pasture site and 100 on the cutover and spot
mounded sites. This difference was due mainly to the in-

creased cost of transporting pods (crates containing ap-
proximately 60 planting boxes) to the pasture site, which
did not have a developed forest road network. Therefore
the number of seedlings per box was higher than on the
two sites with an established forest road infrastructure.

Work activity

Across all three sites the majority of the day was spent
planting, with one main rest break at the middle of the
working day. Tables 4, 5 and 6 show that the rest breaks
accounted for 11% on the pasture and 6.5% on the
mounded site. There was no rest break recorded on the
untreated cutover, due to the fact that the subjects worked
the morning on the mounded site, had their lunch break
and travelled to the cutover site, where they planted for
the remainder of the day. This meant only two subjects
could be studied for half a day each planting on the un-
treated cutover site. This decreases the confidence we have
that the data collected at this site is indeed representative
of planting on untreated cutover. The shift to the untreated
cutover site was not planned by the researchers and is one
of the problems associated with studying planters under
standard production forestry conditions.

Hazards

The number of hazards per 100 seedlings planted was
very low compared to other tasks measured within the
New Zealand forest industry. The number of hazards re-
corded while felling under standard production forestry
conditions was 15 hazards per 100 trees felled [11]. Fell-
ing wind damaged trees resulted in up to 83 hazards per
100 trees felied [10]. Both of these figures are substan-
tially higher than the number of hazards recorded in the
present study. However, planters can plant 100 seedlings
in 30-45 minutes, while a faller would normally fell less
than 100 trees in an 8 hour day. Therefore, using an hourly
rate would allow a more valid comparison. In the current
study the hourly hazard rate were 1.09/hr on the pasture,
0.56/hr on the mounded site and 0.25/hour on the untreated
cutover. Unfortunately, neither of the other two studies
provided enough data to convert their reported hazard rates
into an hourly rate.

Body Part Discomfort

Planters did not report any discomfort while planting
on mounded or cutover sites. On the pasture, discomfort
was mentioned in 48% of all cases. The right (planting)
elbow was the most frequently reported area of discom-
fort, followed by the mid-back. Possible reasons for dis-
comfort only being found on the pasture include; the soil
was significantly stronger (right elbow), the boxes were
significantly heavier (mid back and hips) and the terrain
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was significantly steeper (feet, ankles, lower leg). This
graphically illustrates that planting under more difficult
conditions (pasture) has a negative impact upon the plant-
ers body.

CONCLUSIONS

The various heart rate indices used during this study
indicate that planting on all three sites can be classified as
“hard continuous work” to “very heavy work”. The three
sites did not differ greatly, producing average working heart
rates (+ Standard Deviation) ranging from 132.7 bt.min"
1(+16.2) to 134.9 bt.min"' (+ 13.8), a mean relative heart
rate ranging from 51% (+ 7.8) to 55% (+ 5.5), a mean
ratio of working heart rate to sleeping heart rate ranging
from 2.1 (+ 0.2) to 2.2 (+ 0.2) and a mean 50% working
heart rate level ranging from 1.01 (+ 0.08) to 1.06 (+0.06).
Planters maintained similar mean working heart rates, for
all three sites, by decreasing productivity as planting con-
ditions became more difficult. Productivity on the untreated
pasture was significantly lower than on the other two sites.
To some extent, this was a result of the steeper slopes,
heavier boxes and stronger soil. Body part discomfort was
only experienced when planting on pasture, where slight
to severe discomfort was reported 48% of the time. Haz-
ard occurrence was low for all three site conditions, rang-
ing from one hazard per hour (pasture) to one every four
hours (untreated cutover). Slips accounted for 76% of all
hazards, with hitting a solid object or the boot with the
spade accounting for the rest.
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