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Tli is research tlcals with a study cotitluctccl on l l lc effect o f  diffcrctlt  work postures on tlic productivity o f  co~itait lcr 
gcr~ni l iant  t l l i ~ i ~ i i ~ i g  and supp lcu ic t~ ta t io~~.  111 addi t iot~,  work strain was also stutlicd by  t l icasuri~ig tlic llcart ratc o f  (lie 
tcsl subjccl arid work postures wcrc arialyscd using tllc OWAS ~ ~ i c t l i o i l  (Ovako Working Posturc Arialysitig Syslcnl). 

Tlic work was carried out at an I iourly ratc o f  65 1:Ibf per hour i~ lc ludir ig social costs. Accord i~ ig  to tlifferctit work 
tiictllotls, tllc costs o f  tliitlriing atid supplcnic~itation varied fro111 2.5 p to 3.3 p per seeding. 111 the tcst subjects' opinio~is 
the best work riiclllods wcrc l la l f  sitt ing and statiditlg. 

Tl icrc wcrc no s ig~i i f icat i t  differcticcs i n  working titnc bctwccti tile various work ~ i~e thods.  Kr icc l i t~g  was l l ic fastcst 
work tnethod bu l  i t  i~ id ica tc t l  poorly as regards work posture. Tlie tcst subjccls' avcragc hcart ratc ranged betwcctl 91 
atid 109 beats per r n i t l ~ ~ t c .  

Aflcr t l i i t l~ i i r ig atld srillplctiic~ilatioti, 2 % o f  tllc co~ i ta i~ ic rs  wcrc ctnpty atltl 6 O/o liad two sccdlirlgs. Tli is result was 
partly cxplait lct l  by latc gcrt l i i~ iat ion.  

Kcywul.tls: co~ l ta incr  sccdlit ig production, Vapo-co~i ta i~icr ,  g c r m i ~ l a ~ l t  t l i i l i~ i i t lg.  s ~ i j > ~ ~ I c ~ ~ ~ c ~ l t a t i o ~ ~ ,  work posturc, 
ergonotnics. 

I USD = 6.41 I;lM = 0.93 f ,  I I:lM = 100 1) 

About 150 million scedlings arc producerl annu- 
ally in Finland of  which 85 % are container scedlings 
(Fitinisli Statistical Yearbook of Forestry, 1999). Now- 
adays in conifer container sccdling production single 
sced sowing is almost cxclr~sivcly etnploycd which 
means that container germinant thinning and supple- 
mcntatioti are reduced. On the otlier hand some nurs- 
eries have changed from single seed sowing back to 
double seed sowing. Uircli seedlings are mainly pro- 
duced ~tsitig the pricking-out method. 

Tlie initial growing stage for container seedlings 
generally takes place in plastic greenliouses. Birch and 
pitie container scedlings are grown for one growing 
season and spruce co~itainer seedlings for one to two 
growing seasons. 

The working conditions in greenhouses differ from 
ti~ost  otlier working cnvironmcnts. 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 etnployee. The thinning 
and suppleti~entatiori as well as pricking out of  con- 
tainer germiriants is gc~lerally carried out in plastic 
grcenhouscs. The working postures in grccnliouse 

work have becn studied a little (Nevala-Pumncn ct al, 
1992), atid studies conducted by Ncvala-Puranen et a1 
(1992) and Lundclvist et al (1987) deal only with Iior- 
t i cu l t~~ra l  and grecnliousc work. 

In this study, the effect of different working posi- 
tions in container germinant thinning and sup l~ lcn~cn-  
tation was rollowcd for three years. In addition to nor- 
nial work-study the employee's heart ratc was measured 
as wcll as the work posture stress, wliicli was analysed 
itsing the OWAS (Ovako Working Posture Atialysing 
System) method. Tlie results of the OWAS method can 
be used in the designing and purcliasc of machines and 
equiptilent. Similarly aspects concen~ing work safety can 
bc considered and information concerning working 
postures and environment required by the occupation- 
al health service can bc produced for possible improve- 
ments (Saloncn and IIeinsalmi, 1987). 

Data and methocls 

Diffcrcnt work mcthods of  coritainer gertiiinant 
thinni~ig and supplementation were studied at the Suo- 
nenjoki Research Nursery of tlic Finnish Forest Rescarcli 
Iristit~tte for three years. In 1988 (A) and in 1989 (13) 
the metllods were I (standing), 2 (half sitting), 3a (sit- 
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ting) and version b (sitting all tlie titlie) of nlethod 3. I n  
1990 (C) the research was supplemented with work 
metliods 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 tlie seetlling box froin the rack, returning 
the seedling box, other work (e.g. moving a pricking- 
out rack) and moving tlie seedling box along tlie ground 
(method 4). In addition to the time study the employ- 
ee's heart rate was nieasured in different work methods 
by work phases using Medinik Biotelemetry IC-45 
equipment, and work move~nents were analysed on a 
video tape by using the OWAS method. 

Two professional research nursery workers acted 
as test subjects. Thinning werc 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 tlie morning to +28 "C at midday. The heart rate 
varies to some extent during a working day despite the 
strain reniaining constant (I-Iarstela 1979). In this study 
the working days were divided into as many periods 
as there werc methods to be studied and each tneth- 
od was repeated at different times of the working day. 

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

Work Methods 
The work methods to be studied were the follow- 

ing: 

Metlrod I .  Starrdirrg 
Tlie pricking-out rack was adjusted to a suitable 

work height, and the work was carried out while stand- 
ing. 

A.letlrod 2. Hrrlf sittirig 
The test subject was in a half sitting work posi- 

tion. The height of the chair and the pricking-out rack 
werc 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 tlie same tirne supported by tlie 
feet on the ground. Thus the position was sufficient- 
ly steady and the employee was sufficiently close to 
tlie seedling box. When standing free, the seat turned 

backwards so  that the seedling box co i~ ld  be placed 
and re~noved  easily. The scat  base was heavy and 
because of a low centre of  gravity the seat stayed 
upright well. On the other hand, the greater weight 
made tlie seat more difficult to move. 

Methorl 3u. Sitting. 
Tlle pricking-out rack was adjusted to a suitable 

work height, and tlie 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 tlie seed- 
ling boxes. 

A.letlrod 3b. Sittirrg nll the tirtre. 
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 tlle time 
and the boxes \yere brougl~t to witliin liis reach. Thus, 
a ~i ic t l~ot l  was imitated where the work could be car- 
ried cut  while sitting and the seedling boxes automat- 
ically conveyed to witliin the employee's reach. 

hfctlrod 4.  K~reclirrg. 
Tlie work and moving was carried out in the kneel- 

ing position. The knees were protected by kneepads. 

0 CUS Data 
The OWAS system is a niethod of charting and 

classifying work postures, which harmfully load tlie 
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 tlie test subject's work on video. Tlie 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 niade 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 inforination, i~nprovenicnt 
classes are obtained which express the priority of  tlic 
itnprove~ilent measures. The classification also indi- 
cates the work postures, which require no attention. 
There are four actual improvcmcnt 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-cl4.1mprove1nent 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 ligalnerlts 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 caus ing the  surrounding t issues to stretch.  
Muscular strain increases to 45O and the stability of 
the position reduces. I n  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 
n~uscles  become unevenly loaded and the stability of 
the posture is poor. When tlle back is simultaneously 
bent and twisted (class 4) the disks and liganients load 
unevenly and the lnuscular support for the back is at 
its weakest because the niuscular strain is uneven and 
the stability of the posture is poor. 

The hand positions were divided into three classes. 
In class 1 both hands are below tlle 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 lnuscles and ligaments. The in~mobili ty can 
reduce circulation and the static posture nlay become 
awkward if sustained. The balance in the sitting pos- 
t ~ t r e  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 niuscles 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 atid calf  muscles increases strongly in the 
beginning, and the circulation is hindered. In fect 
position 5 (standing with weight on one leg bent at 
the knee) the strain on ligaments and liiuscles 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 lnay make the posture unstable. 

Statistical allalysis of the OIVAS data 
The dependency between different work methods 

and improvenient classes was tested i~sit ig the XZ 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 (R2) in the different improve~~ien t  classes. The 
factors define, on a scale 0-1, how well the indepcnd- 
ency hypothesis explains the variation in the observed 
data (Palmgren, 1989). 

Results  

Use of #~orlc titrre 
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, riiethod 1 
was the fastest and for test subject 2, the use of time 
was approxi~nately 10 "/o less than in  neth hods 2 and 
3a. In the second year (B), method 3b (sitting all the 
time) was studied in addition to the previous year's 
work niethods. I11 niethod 3b the test subject thinned 
and replenished all the t ime, and the boxes were 
brought to within his reach. For test subject 1, the use 
of time per box was the greatest in method 3a. For test 
subject 2, the use of tinie was least in metliod 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 I ,  however, was 
not as great as the first year. In the third year (C) 
 neth hods 2 and 4 (kneeling) were studied. For both test 
subjects thc use of time in metliod 4 was less than in 
tnethod 2, more clearly for test subject 2 than for test 
subject 1 (Figure I). 

I.lTorlc strain 
The test subject's average heart rate was calcu- 

lated weighed by the duration of diffcrent work phas- 
es. The weighed heart rate varied in different work 
methods 95 105 times per minute for test subject 1, and 
91 109 times per tninute for test subject 2 (Figure 2). 

Classification of work postures by the 
OWAS ~net l iod 

Back poshres  
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 (c~ninlsccdling box) by test sub- Figure 2. Test subjects' nvcragc heart ratc wcightcd by work 
jccts and methods in tlic ycars A, I3 and C. (100 cmin = I min). stages (t imesl~nin) by work mcthods in tlic ycars A, U and C. 

In methods 1-3a, there were no significant differ- The test subject checked the secdling box after prick- 
ences in the different back postures (Table 1). An ing out by bending closer to tlic box to see the germi- 
exception was t~iethod I in the first year when one test nants better. In the second year, this work approach 
subject worked unusually much with the back bent. was not used. Back bending postures (bent and twist- 
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Table 1. TCS~ subject's OWAS classified back postt~rcs in dif- Table 2. OLVAS c l a s s i f i c t l  foot positions i n  diffcrcllt work 
fcrclit work ~nctllotls. Values arc tlic avcragcs of ycars A-C Inctllods. values arc tllc avcragcs of A-C 

ed) werc mainly caused by fetching ant1 returning thc 
box. In mctliod 3a (sitting), scttitig tlie box in the rack 
and lifting i t  from tlie rack demandcd reaching bccausc 
tlic tcst subjects did not move tlic chair far cnoug l~  
from tlie rack after thinning. In methoti 3b (sitting all 
tlie time), the lifting and moving of tlic box from tlic 
side tablc to tlie pricking out rack causecl twisted back 
postures. A side tablc was used for technical reasons 
as it was desired to simulate a situation where the 
transport would be carricd out by, for instance, a con- 
veyor. Thus, the share of thinning anrl supplementa- 
tion would be made to increase, and at the same time 
the back straining postures wor~ld dccrease. In tlie third 
year, ~netl iods 2 (half sitting) and 4 (kneeling) wcrc 
studied. 111 method 2 (half sitting), tlic acliievcd rcsults 
were similar to the results of previous years. Instead, 
the work positions in method 4 (kneeling) differctl 
significantly from the correspontling results of other 
work methods. When working in the kneeling posture, 
the back was in :I bent position over 90 74, of thc wllole 
work time. Bent and twisted postures wcrc 7 % of tlic 
work time. Therefore the back was straight for only 
lcss tlian 3 % of  tlic whole work time in the kneeling 
method. 

IJand positiorrs 
The hands were bclow the shoulder level (class 

1) apart from a few exceptions. Olily in ten obscrva- 
tions was one hand above the shoulder level (class 
2), which means less tlian 0.1 O/o of all observations. 
The harid positions strain the cervical spine and shoul- 
der muscles only in static positions and only when the 
ilppcr arm is away from the body. There were no stat- 
ic hand positions. Neither did there occur work pos- 
tures where both liands wcrc on or above the slioul- 
dcr level (class 3). 

Foot positiorls 
In work methods 1, 2 and 3, tlierc were no signif- 

icant diffcrences in positions of  tlie feet (Tablc 2). I n  
methods 1-3a, the diffcrences in foot positions had 
only a ~i i inor  effect in the i~iiprovelnelit classification 

betwcen ~netliods (tablc 3). I n  work mctliod 3b (sitting 
all tlie t i~nc),  the crouching postures when fetching and 
rcturning thc box wcre eliminated. As 99 % of the work 
timc, in method 4 (kneeling), was spent in tlie kneel- 
ing posture, the employees used kneepads. Although 
the knees are protected from major strain, the dura- 
tion of the work strains tlic joints and ligaments as 
well as hinders circulation. In  addition, as in 90  % of 
tlie work time the back posture was bent and 7 "A bent 
and twistcd the work postures of  tlie kneeling meth- 
od were clearly the most strcriuous and wearing of tlic 
five mctliods studied. 

Table 3. Iniprovcrncl~t class distribr~tioli (Irnp-el) ant1 ob- 
scrvcd and cxpcctcd frcqt~cncics il l  tliffcrcnt i~nprovcmcnt 
classcs. Valucs arc thc avcragcs of ycars A-C 

I n  work methods 1, 2 and 3 ,  diffcrcnt improvcmcnt 
classes did not significantly differ fro111 each other (RZ 
= 0.96098). Apart from kneeling, about 90 O/o of the work 
postures belonged to improvcnient class I (no action 
required). When usirig these ~ncthotls ,  less than 10 O/o 
of tlie work posturcs belongcd to improvement class 
2 (improvement solution requiretl in tlie near future). 
Improve~ncnt class 4 (itiiprovement solution required 
ilnmcdiately) did not occur in any of these methods. 
Kneeling (nlethod 4) differed significantly fro111 other 

Work ~iic!l id 

1 (sli~iidi~ig) 

rlhvn.rd Rr~p~cwics 
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work tnethotls (R2 = 0.02) because less tlian 3 O/a of its 
work postures belonged to improvcmcnt class I ,  over 
90 % to improvetilent class 2 and over 7 % to improve- 
nient class 4 (table 3). 

Qrralify of ~ t ~ o r k  
After the thinning and supplementation an inven- 

tory of 51 Vapo seedling boxes was tnade ant1 on av- 
erage about 2 % of  the containers were empty, 92 O/o 
had one seedling per place ant1 G % had two seedlings 
per place. 

Cosfs 
Work was carried out at hourly pay. The test sub- 

ject's l~our ly  cost was 65 FIM (incl. social costs) ac- 
cording to the wage level in tlie year 2000. At tlic 
average output of the test subjects the cost of tliin- 
ning and supplementation is 2.7 p per sectllitlg in 
method I ;  2.5 p per seedling in method 2 (owing to 
tlie work time used the cost in the first two ycars was 
2.8 p per seedling); 2.8 p per seedling in methoti 32; 
3.3 p per seedling in method 3b I )  and 2 , l  p per seed- 
ling in tnethod 4. 

I)  In mctliod 3b an assistant is rcquircd lo bring sccd- 
ling boxcs to tlic convcyor. Tlic cost docs not iricludc tlic 
capilal cosls o f  tlic convcyor. 

Exa~rrirrnfiorr of tire re~111f.v 
There was no significant difference between the 

standing posture and the different sitting postures as 
far as the use of work time was concernetl. 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. Tliere were no significant differences in tlie 
heart rate of the test subjects in tlie different meth- 
ods. For test subject 2, the use of work time in the 
second year is explained by a low heart rate. The licart 
rate corresponded to that of  medium heavy work and 
was partly caused by te~nperaturc stress. Therefore, 
there is significance in lowering loading. In the knee 
posture (kneeling), the use of work time was tlic least 
but because of bad work posture, the knee postitre can 
be recommended only for part-time work in connec- 
tion wit11 work rot a t '  ton. 

I n  this study there were no significant differcnc- 
es in hand positions between different tnethods. As 
far as the work postures are concerned, kneeling was 
the worst of the stitdied ~nethods .  It was essential to 
alternate work postures in each diffcrcnt work metli- 
ods. In the test subjects'  own opinions, half sitting 
and standing were recomn~endable work postures. 

The quality of work was determined by making an 

inventory of the seedlitigs after thinning and supple- 
mentation. Since 2 % of the containers were etnpty and 
G D/o of tlie containcl-s had two secdlitigs per place, the 
result can be considered to be only satisfactory. The 
two-seedling figure can partly be explained by late 
geminat ion.  After Ilerranen (1988) the single seed 
seeding method can theoretically reach a seed and 
work cost saving of about 20 000 FIM per tnillion seed- 
lings. In the study by Iferranen (1988) the seed ger- 
mination was 94 % ant1 the share of  empty contaitlers 
was 4.9 %. After Turunen et a1 (1987) the supplemen- 
tation of empty containers is reco~ntiiended to be car- 
ried out from containers in neighbouring sheets. Trans- 
fer suppletnentation should be carried out within 2- 
3.5 wecks from sowing, thus avoiding malformatio~i of 
roots which would possibly hinder germinant tlevcl- 
opment. In assessment of thinning and supplementa- 
tion, the economic komparison, for instance, with sin- 
gle seed sowing is not sufficient. The quality of seed- 
lings a s  a whole, and particularly that of supplement 
containers, should be considered. 

The costs show that tlie most expensive method 
was 3b (sitting all the time) and the most economical 
was method 4 (kneeling). Between the other methods, 
the differences were small, but even small differences 
are significant whcn handling millions of seedlings. I t  
is not worth "growing" empty containers. 
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