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This rescarch deals with a study conducted on the effect of different work postures on the productivity of container
germinant thinning and supplementation. In addition, work strain was also studicd by mcasuring the heart rate of the
test subject and work posturcs were analyscd using the OWAS method (Ovako Working Posture Analysing System).

The work was carricd out at an hourly rate of 65 FIM per hour including social costs. According to different work
methods, the costs of thinning and supplementation varicd from 2.5 p to 3.3 p per sceding. In the test subjects’ opinions

the best work methods were half sitting and standing,

There were no significant differences in working timc between the various work methods. Kncceling was the fastest
work method but it indicated poorly as regards work posture. The test subjects’ average heart rate ranged between 91

and 109 beats per minute,

After thinning and supplementation, 2 % of the containers were empty and 6 % had two scedlings. This result was

partly cxplaincd by late germination,

Keywords: container scedling production, Vapo-containcr, germinant thinning, supplementation, work posture,

crgonomics.
I USD =6.41 FIM =093 €, 1 FIM = 100 p

Introduction

About 150 million seedlings arc produced annu-
ally in Finland of which 85 % are container seedlings
(Finnish Statistical Yearbook of Forestry, 1999). Now-
adays in conifer container seedling production single
seed sowing is almost exclusively employed which
means that container germinant thinning and supple-
mentation are reduced. On the other hand some nurs-
eries have changed from single seed sowing back to
double seed sowing. Birch seedlings are mainly pro-
duced using the pricking-out method.

The initial growing stage for container seedlings
generally takes place in plastic greenhouses. Birch and
pine container scedlings are grown for one growing
season and spruce container seedlings for one to two
growing seasons,

The working conditions in greenhouses differ from
most other working environments. In plastic green-
houses temperatures may rise to over 40 °C on sunny
days. Also the humidity conditions of greenhouses
can be unfavourable for the employee. The thinning
and supplementation as well as pricking out of con-
tainer germinants is generally carried out in plastic
greenhouses. The working postures in greenhouse

work have been studied a little (Nevala-Puranen ct al,
1992), and studies conducted by Nevala-Puranen et al
(1992) and Lundqvist et al (1987) deal only with hor-
ticultural and greenhouse work.

In this study, the effect of different working posi-
tions in container germinant thinning and supplemen-
tation was followed for three years. In addition to nor-
mal work-study the employee’s heart rate was measured
as well as the work posture stress, which was analysed
using the OWAS (Ovako Working Posture Analysing
System) method. The results of the OWAS method can
be used in the designing and purchase of machines and
equipment. Similarly aspects concerning work safety can
be considered and information concerning working
postures and environment required by the occupation-
al health service can be produced for possible improve-
ments {Salonen and Heinsalmi, 1987).

Data and methods

Different work mcthods of container germinant
thinning and supplementation were studied at the Suo-
nenjoki Research Nursery of the Finnish Forest Research
[nstitute for three years. In 1988 (A) and in 1989 (B)
the methods were 1 (standing), 2 (half sitting), 3a (sit-
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ting) and version b (sitting all the time) of method 3. In
1990 (C) the research was supplemented with work
methods 2 and 4 (kneeling). The work-study of differ-
ent work stages was carried out as a normal time study:
fetching the seedling box, thinning and supplementa-
tion, lifting the seedling box from the rack, returning
the seedling box, other work (e.g. moving a pricking-
out rack) and moving the seedling box along the ground
(method 4). In addition to the time study the employ-
ee’s heart rate was measured in different work methods
by work phases using Medinik Biotelemetry 1C-45
equipment, and work movements were analysed on a
video tape by using the OWAS method.

Two professional research nursery workers acted
as test subjects. Thinning were carried out as hourly
paid work, and the data was collected altogether dur-
ing eight working days per test subject. During the
study the greenhouse temperatures varied from +5 °C
in the morning to +28 °C at midday. The heart rate
varies to some extent during a working day despite the
strain remaining constant (Harstela 1979). In this study
the working days were divided into as many periods
as there were methods to be studied and each meth-
od was repeated at different times of the working day.

Before thinning and replenishing, an inventory of
143 Vapo container scedling boxes (13 728 sown plac-
es) was made. After sowing, 17.6 % of the containers
were empty, 48.5 % had one germinant and 32.9 % had
two germinants. A Sator 6 seed drill made by Linnen
Tehtaat Oy was used for sowing. The sowing drum had
two holes per sowing position. The germination rate
of the pine seed was 93 %. The Vapo seedling boxes
on average weighed 10.1 kg in the first year and 9.6
kg in the second year.

Work Methods

The work methods to be studied were the follow-
ing:

Method 1. Standing
The pricking-out rack was adjusted to a suitable
work height, and the work was carried out while stand-

ing.

Method 2. Half sitting

The test subject was in a half sitting work posi-
tion. The height of the chair and the pricking-out rack
were adjusted to a suitable work height according to
the test subject’s measurements. A single legged sad-
dle seat was used as a chair, which when sitting was
tilted forward and at the same time supported by the
feet on the ground. Thus the position was sufficient-
ly steady and the employee was sufficiently close to
the seedling box. When standing free, the seat turned

BALTIC FORESTRY
L TERVO, K KAUTTO [

backwards so that the seedling box could be placed
and removed easily. The seat base was heavy and
because of a low centre of gravity the seat stayed
upright well. On the other hand, the greater weight
made the seat more difficult to move.

Method 3a. Sitting.

The pricking-out rack was adjusted to a suitable
work height, and the work was carried out while sit-
ting. As a seat, a normal chair with a backrest was used.
The test subject himself fetched and returned the seed-
ling boxes.

Method 3b. Sitting all the time.

The pricking-out rack were adjusted to a suitable
work height, and the work was carried out while sit-
ting. As a seat, a normal chair with a backrest was used.
The test subject thinned and replenished all the time
and the boxes were brought to within his reach. Thus,
a method was imitated where the work could be car-
ried cut while sitting and the seedling boxes automat-
ically conveyed to within the employee’s rcach.

Method 4. Kneeling.
The work and moving was carried out in the kneel-
ing position. The knees were protected by kneepads.

OWAS Data

The OWAS system is a method of charting and
classifying work postures, which harmfully load the
locomotor system. It is used in designing and devel-
oping work methods and equipment in order to find
the most favourable work postures as regards work
health.

The OWAS study data were collected by rccord-
ing the test subject’s work on video. The video mate-
rial observation interval was 30 seconds and in the
third year 15 seconds due to the lack of material. The
work posture definition was made as a “blink obscr-
vation”, The videotape was stopped for observation.
Each observation consisted of ten variants. The most
important variants were the posture data of the back,
hands and feet as well as the required force (burden
weight). On the basis of this information, improvement
classes are obtained which express the priority of the
improvement measures. The classification also indi-
cates the work postures, which require no attention.
There are four actual improvement classes (Imp-cl).

Imp-cll. Normal, no action required.

Imp-cl2. Improvement solution required in the near
future.

Imp-cl3. Improvement solution required as soon
as possible.
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Imp-cl4.Improvement solution required immediately.

Back postures were divided into four classes. In
class 1 the back is straight with the weight divided
evenly on the vertebra (80 %) and joints (20 %). There
is no loading on ligaments and the stability of the
posture is good. In a crouched posture (class 2). the
disk pressure increases to 90° and the ligament strain
increases because the joint surfaces separate {from each
other causing the surrounding tissues to stretch.
Muscular strain increases to 45° and the stability of
the position reduces. In a twisted posture (class 3) the
disk pressure increases because the ligaments tight-
en. The joint surfaces press together on one side and
separate on the other causing tissue strain when the
muscles become unevenly loaded and the stability of
the posture is poor. When the back is simultaneously
bent and twisted (class 4) the disks and ligaments load
unevenly and the muscular support for the back is at
its weakest because the muscular strain is uneven and
the stability of the posture is poor.

The hand positions were divided into three classes.
In class | both hands are below the shoulder level. In
class 2 one hand is on or above the shoulder level and
in class 3 both hands are on or above the shoulder
level.

The feet positions were divided into seven classes.
In feet position 1 (sitting) the load is concentrated at
the back muscles and ligaments. The immobility can
reduce circulation and the static posture may become
awkward if sustained. The balance in the sitting pos-
ture is good. In feet position 2 (standing) the weight
is on the ligaments and joints and the pressure on
cartilage surfaces is evenly divided. There is no mus-
cular strain but consistent immobility hinders circula-
tion. The balance of the posture is good. In feet posi-
tion 3 (standing with weight on one straight leg) the
strain on joints and muscles increases because of bad
balance. In feet position 4 (kneeling), pressure on knee
joints increases muscular strain. The strain on joint
surfaces is divided unevenly and the ligament strain
increases as the flexion increases. The strain on thigh,
buttock and calf muscles increases strongly in the
beginning, and the circulation is hindered. In feet
position 5 (standing with weight on one leg bent at
the knee) the strain on ligaments and muscles is even
greater than in feet position 3 because of bad balance.
In addition, the circulation in the feet is hindered. In
feet position 6 (kneeling posture) the strain is concen-
trated at the knee joint when the knee mucous bursa
is irritated and the ligaments become strained. The
posture is stable but if sustained, circulation is hin-
dered. Feet position 7 (walking) is varied but the mo-
tion may make the posture unstable.

Statistical analysis of the OWAS data

The dependency between different work methods
and improvement classes was tested using the X test
and then by calculating, by method, the squares of
both the observed and the expected (according to the
independency hypothesis) frequency correlation fac-
tors (R?) in the different improvement classes. The
factors define, on a scale 0-1, how well the independ-
ency hypothesis explains the variation in the observed
data (Palmgren, 1989).

Results

Use of work time

In the first year (A) the methods 1 (standing), 2
(half sitting) and 3a (sitting) were studied. The test
subject 1’s use of work time in different work meth-
ods was constant. For both test subjects, method 1
was the fastest and for test subject 2, the use of time
was approximately 10 % less than in methods 2 and
3a. In the second year (B), method 3b (sitting all the
time) was studied in addition to the previous year’s
work methods. In method 3b the test subject thinned
and replenished all the time, and the boxes were
brought to within his reach. For test subject I, the use
of time per box was the greatest in method 3a. For test
subject 2, the use of time was least in method 3b. For
the first and second years the order of speed of meth-
ods used was the same for both test subjects. In oth-
er words, method 1 was the quickest. For test subject
2 the beneficial difference of method 1, however, was
not as great as the first year. In the third year (C)
methods 2 and 4 (kneeling) were studied. For both test
subjects the use of time in method 4 was less than in
method 2, more clearly for test subject 2 than for test
subject 1 (Figure 1).

Work strain

The test subject’s average heart rate was calcu-
lated weighed by the duration of different work phas-
es. The weighed heart rate varied in different work
methods 95105 times per minute for test subject 1, and
91109 times per minute for test subject 2 (Figure 2).

Classification of work postures by the
OWAS method

Back postures

Of the studied work over 85 % was actual prick-
ing out work. The fetching and returning of the box
took about 14 % of the work time and the share of other
work (e.g. moving a pricking-out rack) was only about
1 %.
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Figure 1. Usc of work time (cmin/seedling box) by test sub-
jects and methods in the years A, B and C. (100 cmin = | min).

In methods 1-3a, there were no significant differ-
ences in the different back postures (Table 1). An
exception was method | in the first year when one test
subject worked unusually much with the back bent.
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Figure 2. Test subjects’ average heart rate weighted by work
stages (times/min) by work mecthods in the years A, B and C.

The test subject checked the seedling box after prick-
ing out by bending closer to the box to see the germi-
nants better. In the second year, this work approach
was not used. Back bending postures (bent and twist-
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Table 1. Test subject’s OWAS classified back postures in dif-
ferent work incthods. Values are the averages of years A-C

Table 2. OWAS classified foot positions in diffcrent work
methods. Valucs arc the averages of years A-C

Back postures, %
Work method Straight | Bent I'wisted | Bent + twisted
I (standing) 89,1 10,7 0,1 0,0
2 (half standing) 89,9 9,5 0,5 0.2
3a (silting) 89,6 9,3 0,5 0,6
3b (sitting all the time) 93,0 3.2 0,4 3,4
4 (kneeling) 2:2 90,6 0,1 7.1

ed) were mainly caused by fetching and returning the
box. In method 3a (sitting), sctting the box in the rack
and lifting it from the rack demandcd reaching because
the test subjects did not move the chair far enough
from the rack after thinning. In method 3b (sitting all
the time), the lifting and moving of the box from the
side table to the pricking out rack caused twisted back
postures. A side table was used for technical reasons
as it was desired to simulate a situation where the
transport would be carried out by, for instance, a con-
veyor. Thus, the share of thinning and supplementa-
tion would be made to increase, and at the same time
the back straining postures wouid decrease. In the third
year, methods 2 (half sitting) and 4 (kneeling) were
studied. In method 2 (half sitting), the achieved results
were similar to the results of previous years. Instead,
the work positions in method 4 (kneeling) differed
significantly from the corresponding results of other
work methods. When working in the kneeling posture,
the back was in a bent position over 90 % of the whole
work time. Bent and twisted postures were 7 % of the
work time. Therefore the back was straight for only
less than 3 % of the whole work time in the kneeling
method.

Hand positions

The hands were below the shoulder level (class
1) apart from a few exceptions. Only in ten observa-
tions was one hand above the shoulder level (class
2), which means less than 0.1 % of all observations.
The hand positions strain the cervical spine and shoul-
der muscles only in static positions and only when the
upper arm is away from the body. There were no stat-
ic hand positions. Neither did there occur work pos-
tures where both hands were on or above the shoul-
der level (class 3).

Foot positions

In work methods 1, 2 and 3, there were no signif-
icant differences in positions of the feet (Table 2). In
methods 1-3a, the differences in foot positions had
only a minor effect in the improvement classification
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Foot positions, %
Sitting [ Standing | Standing | Crouching | Crouching | Knee | Walking
on (wo on one Jon (wo feet|on one feet
feet feat

I (standing) 0,0 91,2 0,0 2,5 0,0 0,0 6,2
2 (half standing) [ 81,6 8.4 0,0 1.7 0,0 0,0 6,3
Ja (sitling) 84,2 6,3 0,0 3.0 0,0 0,0 6.5
3b (sitting all the| 94,1 5.2 0,1 0,2 0,0 0,0 0,5
time)

} (kneeling) 0.0 0,1 0,0 0,1 0,0 99,1 0,7

between methods (table 3). In work mcthod 3b (sitting
all the time), the crouching postures when fetching and
returning the box were eliminated. As 99 % of the work
time, in method 4 (kneeling), was spent in the kneel-
ing posture, the cmployces used kneepads. Although
the knees are protected from major strain, the dura-
tion of the work strains the joints and ligaments as
well as hinders circulation. In addition, as in 90 % of
the work time the back posture was bent and 7 % bent
and twisted the work postures of the kneeling meth-
od were clearly the most strenuous and wearing of the
five methods studied.

Table 3. Improvement class distribution (Imp-cl) and ob-
served and expected frequencies in different improvement
classes. Values arc the averages of years A-C

Work method Imp-ctt | {mp-ci2 | lmp-c!3 | Tmp-cl4 Total
1 (standing) 89,2 % 8,0 % 2,8 % 0,0 % 100 %
ahserved hequencics 2589 231 Rl 0 2901
expected Trequencics 2246 540 R4 M 2901
2 (half standing) 90,3 % 5,6 % 41 % 0,0 % 100 %
abserved frequencies 3949 243 180 1 4373
expected frequencics 3386 814 126 17 1373
Ja (sitting) 90,1 % 0,5 % 3.4 % 0,0 % 100 %
observed frequencies 2584 186 99 0 2869
expected frequencics 2221 534 83 31 2869
3b (sitting all the time)| 93,4 % 4.3 % 2,3 % 0,0 % 100 %
observed frequencies 1815 83 15 0 1943
expeeted frequencics 1504 362 56 21 1943
¥ (kneeling) 2.3 % 90,3 % 0.2 % 7.2 % 100 %
obscrved frequencies 48 1899 5 151 2103
expected [requencies 1628 392 ol 23 2103

In work methods 1, 2 and 3, differcnt improvement
classes did not significantly differ from each other (R?
= 0.96098). Apart from kneeling, about 90 % of the work
postures belonged to improvement class 1 (no action
required). When using these methods, less than 10 %
of the work postures belonged to improvement class
2 (improvement solution required in the near future).
Improvement class 4 (improvement solution required
immediately) did not occur in any of these methods.
Kneeling (method 4) differed significantly from other
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work methods (R? = 0.02) because less than 3 % of its
work postures belonged to improvement class 1, over
90 % to improvement class 2 and over 7 % to improve-
ment class 4 (table 3),

Quality of work

After the thinning and supplementation an inven-
tory of 51 Vapo seedling boxes was made and on av-
erage about 2 % of the containers were empty, 92 %
had one seedling per place and 6 % had two seedlings
per place.

Costs

Work was carried out at hourly pay. The test sub-
ject’s hourly cost was 65 FIM (incl. social costs) ac-
cording to the wage level in the year 2000. At the
avcrage output of the test subjects the cost of thin-
ning and supplementation is 2.7 p per seedling in
method 1; 2.5 p per seedling in method 2 (owing to
the work time used the cost in the first two ycars was
2.8 p per seedling); 2.8 p per seedling in method 3a;
3.3 p per scedling in method 3b 1) and 2,1 p per sced-
ling in method 4.

1) In mcthod 3b an assistant is rcquircd to bring sced-

ling boxes to the conveyor. The cost docs not include the
capital costs of the conveyor.

LExamination of the results

There was no significant difference between the
standing posture and the different sitting postures as
far as the use of work time was concerned. In the third
year, the test subject’s use of work time in method 2
(half sitting) were about 20 % less than in the previ-
ous years. There were no significant differences in the
heart rate of the test subjects in the different meth-
ods. For test subject 2, the use of work time in the
second year is explained by a low heart rate. The heart
rate corresponded to that of medium heavy work and
was partly caused by temperature stress. Therefore,
there is significance in lowering loading. In the knece
posture (kneeling), the use of work time was thc least
but because of bad work posture, the knee posture can
be recommended only for part-time work in connec-
tion with work rotation.

In this study there were no significant differenc-
es in hand positions between different methods. As
far as the work postures are concerned, kneeling was
the worst of the studied methods. It was essential to
alternate work postures in cach different work meth-
ods. In the test subjects’ own opinions, half sitting
and standing were recommendable work postures.

The quality of work was determined by making an

inventory of the seedlings after thinning and supple-
mentation. Since 2 % of the containers were empty and
6 % of the containers had two secdlings per place, the
result can be considered to be only satisfactory. The
two-seedling figure can partly be explained by late
germination. After Herranen (1988) the single sced
seeding method can theoretically reach a seed and
work cost saving of about 20 000 FIM per million seed-
lings. In the study by Herranen (1988) the seed ger-
mination was 94 % and the share of empty containers
was 4.9 %. After Turunen et al (1987) the supplemen-
tation of empty containers is recommended to be car-
ried out from containers in neighbouring sheets. Trans-
fer supplementation should be carried out within 2—
3.5 weeks from sowing, thus avoiding malformation of
roots which would possibly hinder germinant devel-
opment. In asscssment of thinning and supplementa-
tion, the economic comparison, for instance, with sin-
gle seed sowing is not sufficient. The quality of seed-
lings as a whole, and particularly that of supplement
containers, should be considered.

The costs show that the most expensive method
was 3b (sitting all the timc) and the most economical
was method 4 (kneeling). Between the other methods,
the differences were small, but even small differences
are significant when handling millions of seedlings. It
is not worth “growing” empty containers.
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M3PEXKUBAHHUE U IOMOJHEHUE CEIHIIAMU KOHTEHHEPOB BAIIO

JI. Tepso, K. Kayrro

Peszrone

Lenvlo pannooii paGoTel spistiercst u3ydenne pinsius pabodyeil 1Mo3bl YeioBeKa Ha MPOAYKTHBIIOCTL paboThl 11pH
H3PEKHUBAIIHH H [TONOJICHUN cesiamMil KonTeiinepos. JoronmuTenpsio uydainach HalpsKeniocTs paboTel IyTeM H3MepeHust
putma cepauebuenns, nenonnsys uis atoro OWAS meron (crcrema nsyuennst paboueit 1mospt OBako).

PaGora niposomiiack 1ipu yacoBoii orwrate 65 FIM, BKioyas coumaibiioe cTpaxopaiue. B 3aBHCHMOCTH OT MeToaa
paGoThl, cc6ECTONMOCTD H3PCKHBAIIMS CESIILEB B KOHTCHHEPax W MOMONHCHHS CCSIHLIAMH TTYCTBIX KOHTEHIICPOB COCTABIISICT OT
2,5 o 3,3 uentos 3a ogun cesinierl. Cpey M3ydenipix MeTofoB paboThl Hawryuweii okasaiach pabora cros u nonycud. Ipu
PamINUNLIX MCETOMAaX PaGoTbl HE yCTAIOBICHO MOCTOBEPIBIX Pa3iHuMii BO BPEMCHH TPH BBITOJNHCHHH TEX KC CaMbIX
oriepauHii.

PaGouas mosa na Kosensx 6puta caMniM OBICTPLIM MCTOZOM paGoTBI, OAHAKO 3Ta 11032 GbUla CaMOil MydHTEILHOI.
Cpennsis ckopocth cepaucOuernms cocrapmsia mexay 91 u 109 yiaapos B MumnyTy.

ITociie u3pexuBars 1 1MONoJIHEeNNs cesHuaMHi KoHTeiinepon, 2% KONTEHHEPOB BCC-TAKH OCTAIHCH yCThIMH, @ 6% - ¢
JBYMsI CEANIIAMH. DTO YaCTHYIIO CBSA3AHO C HEPABHOMEPIIBIM BCXOMOM CEMSIII.

Knmiouessie ciioBa: cesnuni B KOllTi‘llle'dX, Baro KOHTCﬁHCp, H3PpCAKHUBANHE, TTOTIOJIHCIHHE, p(lGO‘HlH 11034, 3JPromoMHKa.




