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Ovcr fivc million hcctarcs of forcst il l  1;inland havc bccn rcgcncratcd through cultivation. This rcprcscnts a quartcr of thc 
total arca of conimcrcial tbrcst. Annual rcgcncratio~l arcns havc varicd bctwcc~i 110,000 and 150,000 hcctarcs ovcr thc last 30 
ycars. Thc proportion of arcas with sccd dcrivcd trccs has rcduccd from ovcr a half ill  thc carly 1960's to a quartcr of thc total 
rcgcncratiotl arca. 

Tllc total nunibcr of sccdlings produccd was largcst approxin~atcly 250 million sccdli~igs pcr ycar. Thc nunlbcr of sccdlings 
dclivcrcd for forcstation has rcduccd, and in 1998 tlic nu~nbcr approxi~ilatcly was 150 million sccdlings. Sccdlirigs arc produccd as 
barc rootcd and containcr. Nowadays, t l ~ c  proporti011 of contai~icr sccdlings is about 85 '% of thc total sccdling production. Of tllc 
containcr sccdli~ig nictllods. Ecopot's sliarc is tllc grcatcst. Thc proport io~~ o f  I1a1-d plastic clcnlctlts is incrcasi~iging quitc rapidly. 

Thc most intcrcsting mattcrs ill  tlic dcvclopmcnt of sccdling produclio~i arc cori~lcctcd with productioli hygicnc, short day 
trcatmcnt, sccd l i~ ig  storagc, t l ~ c  ~ s c  of plant protection clicnlicals and in gcncral with c~iviro~iriicntal factors. Also, work 
at~nospl~crc studics at nurscrics aflcr a twcllly ycar brcak arc again currcnt. Tllc co~~sitlcraliori of n~cchanizctl planting is also a 
futurc challcngc in sccdlillg protluction mcthods. 
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Seedling production 

Artificial regeneration has been ernployed in the 
regeneration of over five n~il l ion hectares of Finnish 
forest, that is to say a quarter of the total area of com- 
mercial forestry. Annually, between 110,000 and 150,000 
hectares have been planted or sown over the last 30 
years. The proportion of sowing has diminished from 
over 50 "/o in the early 1960's to 25 % of the present 
day reforestation area (Kukkonen and Rikala 1997). In 
the early 1950's, the area planted and sown for forest- 
ry was about 30,000 hectares and by the beginning of 
the 1960's it had risen to 11 1,000 hectares (Metsitilas- 
tollinen vuosikirja 1969). 

The nulnbers of seedlings delivered for forestation 
from Finnish forest tree nurseries are shown by tree spe- 
cies in Figure 1. l~npor ts  of forestry planting stock has 
been about 3 % of the total use of seedlings. 

The total volume of annual seedling production 
for forestry since the beginning of the 1970's and until 
the end of the 198'0s was about 250 million seedlings. 
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Figure 1. Numbers  o f  seedlings delivered for  forestry planting 
b y  t r e e  s p e c i e s  in 1966-1 997 ( S t a t i s t i c s  p r o v i d e d  b y  the 
Ministry of Agricul ture and Forestry) .  
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Since the beginning of the 1990's, the volumes deliv- 
ered for forestry planting have been snialler; in 1998, 
the figure was about 150 million. 
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Seedling production methods 

Planting stock for forestry is produced as contain- 
er and bare rooted seedlings. The raising of bare root- 
ed planting stock begins with broadcast sowing of the 
seed into seedbeds which are usually in the open. Of- 
ten the sown areas are covered with gauze. This pro- 
motes seedling developmelit and protects the seed and 
seedlings against birds and insects. Seedlings are also 
produced by raising them in small containers in green- 
houses and these are then usually transplanted during 
the same growing season into the open. Secdlings 
raised, following broadcast sowing, in the open are lift- 
ed after one or two growing seasons to be transplant- 
ed mechanically into plant beds in the open. By trans- 
planting it is intended to increase the density of the root 
systems, and by wider spacing to induce the plants to 
become sturdier. The age of transplanted pine seedlings 
delivered for planting out is two to three years, that of 
birch two years, and that of spruce three to four years. 
Bare rooted pine planting stock is also produced em- 
ploying a method whereby the roots are psunetl. This 
requires the seeds be sown in rows. During the follow- 
ing growing season the roots of the seedlings are 
pruned laterally and froni underneath, usually by means 
of a J-shaped blade. A suitable pruning distance is 
about five centilnetres to the sides and eight to ten 
centimetres deep (Parviainen 1980). Pruning the roots 
strengthens and promotes branching of thc roots, there- 
by replacing transplanting. The pruning operation is 
done after the seedlings' height growth has ceased. 
Planting stock produced by the root pruning method is 
cheaper than that produced by transplanting. The plant- 
ing out results have been promising. 

The initial raising of container seedlings i~sually 
takes place in greenhouses. Container birch and pine 
seedlings are usually grown for one growing season, 
and container spruce for one to two growing seasons. 
Container pine seedlings are also grown to the age of 
one and a half growing seasons. The commonest con- 
tainer types are paper pots, but different hard plastic 
containers are gaining popularity. Light colourcd sphag- 
nun1 peat, fertilized and treated with calciutn, is the most 
common substrate. 

'The shift over from bare rooted to container plant- 
ing stock in Finland began in the 1960's (Figure 2). The 

Spruce 
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Figure 2. Proportions of barc rootcd and container sccdiings 
by tree specics in 1976-1997 (Statistics provided by thc 
Ministry of Agriculture atid Fvrcstry). 
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growth in the proportion of container stock was quite cutting the seedling beds between the lines of seed- 
slow up to the early 1980's. At the outset of the 1980's lings in addition to the usual undercutting and vibrat- 
their share was only about 25 %. Ten years later the ing. Harstela's study (1977) also looked into the opin- 
figure had increased to 70 %. This development was ions of nursery workers regarding the work  neth hods and 
also influenced by the considerable fall in total produc- work arrangements. Markku Pitkaniitty at the Founda- 
tion since the end of the 1980's. The reduction in bare tion for Forest Tree Breeding developed various ma- 
rooted planting stock was relatively greater. Nowadays, chines and devices for treating seed as well as a ma- 
container planting stock account for about 85 % of all chine for lifting bare rooted seedlings. 
forestry seedling production. Finnish machine manufacturers were more interest- 

ed in developing the production of container seedlings 
Production of bare rooted planting stock than of bare rooted seedlings. Sowing and transplant- 

ing machines made by such Finnish manufacturers as 
Technical development in the production of bare Liinnen Tehtaat Oy and Tume are in use at forestry nurs- 

rooted seedlings has not been significant. T l~ i s  has also eries. The Danish manufacturer Egedahl is probably the 
affected the rate of increase in production of container best known foreign machine manufacturer in Finland. 
seedlings. The machinery and equipment used at for- They have a comp~ehensive range of equipment for the 
estry nurseries were usually adopted from agriculture. various stages of production of bare rooted seedlings. 
Technical development of the production of bare root- The Suoncnjoki Research Station of the Finnish 
ed planting stock was carried out at the nurseries and Forest Research Institute, together with the Regional 
it was at its peak in the late 1970's with the Foundation Occupational Health Institute of Kuopio, conducted a 
for Forest Tree Breeding and the Finnish Forest Re- study looking into the technical aspects of plant pro- 
search Institute being the most prominent developers. tection spraying and the operatives' exposure to chem- 
This was the period when root pruning machines, SOMI- icals while spraying (Figure 4). The technical develop- 
ing tnachines and lifting machines, for example, were ment work also took into account environmental mat- 
developed (Harstela and Tervo, 1982, 1983). These also ters; for example a plant protection spray based on a 
involved modifications of agricultural machines alreatiy recycling principle (Tervo, 1984, Tervo et al., 1991). 
in use, for exa~nple sowing machlnes and the IIarter Ilft- 
ing machine (Figure 3) (Harstela and Tervo, 1982, 1983.). 
Conveyer based lifting machlnes have been in use in 
Central Europe and in the United States for a long ttmc. 
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Figurc 3. I ldrtcr  I ~ f t l n g  mach~nc , ~ t  METLA'S Suoncnjok~ 

Station Rcwarch Statron 111 1980. 
I i 

After 1-taller ( 1  978), the use of these machines has re- 
sulted, for instance in damage to seedling slioots. The Protluction of container plariti~lg stock 
technical development of bare rooted seedling produc- 
tion by Ilarstela and Tervo (1982, 1983.) also included Spruce and pine were planted solely as container 
ergonomic study o f  the work involved. The studies seedlings in Germany at the end of the 17'" century and 
conducted revealed that the job of  tnanually lifting bare during the 18'" century. At that time the plants were lift- 
rooted spruce seedlings is considerably facilitated by ed and transferred with a ball of soil arountl the roots 
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from among dense natural copses to fill in sparser parts 
of young stands (Huuri, 1969). Despite good results 
attained, the difficulty of transporting restricted the 
application of this method. Bare rooted plants contin- 
ue to be conlnlonly used in forestry in Central Europe. 

In the 1960's, interest towards raising container 
seedlings grew also in Finland. Reasons for this includ- 
ed threat of shortage of labour and of seasonal skilled 
forestry planters (Nisula, 1978). Concern over the pos- 
sibility of labour shortage has subsequently proved to 
be groundless. Both the widespread use of horticultur- 
al peat and of greenhouses have contributed to the 
launching of container seedling production. Greenhous- 
es have also been used to produce seedlings for trans- 
planting for further raising in the open. 

At first, container seedlings were produced by 
transplanting bare rooted seedlings into various types 
of containers, for exatnple peat pots, rolls and veneers. 
At the end of the 1960's, the paper pot method invent- 
ed in Japan by Takagi and Masuda (1967) was also in- 
troduced into Finland. The seeds are sown directly into 
paper pot containers filled with horticultural peat. I'he 
paper pot method found widespread use within a very 
short time, and in its present form (Ecopot) it contin- 
ues to be the most popular method in use in Finland. 
Pentti Nisula at the Finnish Forest Research Institute 
invented and constructed the Nisula roll plant method 
(Nisula, 1978). This method has been in use at several 
Finnish forestry nurseries but its use as a lnethod of 
producing pine container seedlings ended in Finland at 
the end of the 1980's. The method was used in raising 
birch seedlings as recently as the early 1990's. I'he 
Nisula roll plant method has also been used abroad. 

Some re-forestations using container seedlings have 
failed due to root deformation. Parviainen (1976) stated 
that root growth in some containers is restricted to a 
certain part of the container. Intertwining of roots was 
observed with bare rooted seedlings. In the case of seed- 
lings raised in paper pots it was observed that roots 
tended to corkscrew, not observed in other container 
types, which was thought to be caused by the root 
growth inhibiting effect of the paper (Parviainen 1976). 
Paper pots seedlings are mainly planted with paper. Whcn 
ecopot seedlings are ready for planting, they are sepa- 
rated from each other by stripping away the non-dacayn- 
ing laminate wall between every row of pots. 

These observations led to the develop~nent of new 
containerisation methods. One example of these new 
methods aimed at avoiding root deforlnation was the 
Vapo container (Figure 5), developed by the Finnish 

Fiz~rre 5. T h e  Vapo con ta lncr  secc l l~ng  mctliotl at iLIETLA's 
Suonen jok i  Research  Nursery. 

Forest Research Institute and Vapo Oy. This method is 
such that the seedlings are raised without a conventional 
container. A two centi~netre thick fertilized and com- 
pressed peat plate, which swells to a thickness of about 
eight centirnetres on being irrigated, serves as the sub- 
strate. The seeds are so~vn  into depressions formed at 
regular intervals on the plate. During the growing sea- 
son, the substrate and the secdling roots are cut between 
the seedlings. As a result of root cutting, the roots be- 
come denser and bind the substrate (Huuri, 19G9; 
Parviainen 1985; Ilarstela and Tervo, 1985; Parviainen 
and Tervo, 1989). Experiences concerning root pruning 
of both bare rooted and container planting stock go back 
to the early years of forestation (Huuri, 1969). Regard- 
less of the advantageous root development, the method 
has not become widespread. In Finland, the Vapo meth- 
od of raising container seedlings is used only at a few 
forestry nurseries. In Brazil, the method has been tested 
on a practical scale. I t  was compared with commonly used 
seedling production methods used there. The forestation 
results obtained have been promising for the Vapo con- 
tainers (Parviainen et al., 1996). 

Ecopots (Ps-408-708) account for 76 0/;, of the pro- 
duction of pine seedlings and containers tilade of hard 
plastic for more than 16 '!h (Figure 6). In the case of 
spruce, Ecopots have a share of 74 %I and that of hard 
plastic containers (Plantek, I'anth and Vapo cell) is 17 
%. In birch seedling production, Ecopots have a share 
of 34 % and hard plastic Plantck containers 30 %. The 
share of Enso and Finbox containers is I G  'XI and that 
of Vapo peat pots 10 %. The share of hard containers 
has increased and this trend can be expected to con- 
tinue. The selling price of two years old container spruce 
seedlings is about 10 "/o lower than four years old bare 
rooted spruce seedlings. 
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Figure 6. Proportions of various container plant types by 
tree spccics in 1997 (Statistics provided by tlic Ministry of 
Agriculture and Forestry). 

Development and future outlook 

Greenhouses and horticultural peat were adopted 
on a larger scale in forestry nurseries in the 1960's. 
Greenhouses enable several crops of seedlings to be 
raised during a single growing season and the growing 
conditions can be regulated by means of irrigation and 
ventilation. Also, the use of shading is common prac- 
tice especially during the initial stage of raising spruce. 

Light coloured sphagnum peat is generally used as 
the substrate. It is available in different degrees of 
coarseness: coarser peat is suitable for filling large con- 
tainers and finer peat for filling small containers. Also 
different mixtures of horticultural peat and, for instance, 
perlite have been experinlented with. Mixtures improve 
the porosity of the substrate and penetrability by water. 

The containers are filled mechanically. Conveyors 
integrated with new filling lines are such that they do 
not disturb the composition of horticultural peat as 
much as earlier screw conveyors did (Ileiskanen et al., 
1996 ). 'The feeding and filling of hard plastic contain- 
ers is highly automated. 

The sowing of conifer seed succeeds technically 
well with present day sowing machines. Even single 
seed sowing with sufficient precision is possible. The 
sown areas are generally covered with a layer of saw- 
dust or crushed stone with a particle size of two to four 
millirnetres. This improves tlie conditions for germina- 
tion and prevents at least to solne extent moss growth 
on the surface of tlie substrate. In the Vapo method of 
raising container seedlings, the seeds are sown into 
depressions and thus a covering layer is not necessary. 

The first niobile irrigation systems were in use at 
the end of the 1960's. Models developed by Nisula for 
greenhouses and for Nisula roll seedlings raised in the 
open became available in the early 1970's (Nisula, 1976, 
1978). In the course of his research and development 
work, Nisula (1976) investigated the varying evapora- 
tion of moisture from the substrate inside greenhous- 
es, and irrigation requirc~nent based on weighing. When 
raising seedlings in the open, it is sufficient for irriga- 
tion to be applied evenly throughout the area. In green- 
houses, evenness of irrigation is not enough because 
of the variation in evaporation in different parts of the 
greenhouse which has to be taken inta account in irri- 
gation (Nisula, 1976). The use of licli~id fertilizers be- 
came cotnlnon with the development of irrigation equip- 
ment. Mobile irrigators are widely used in present day 
raising of container seedlings both in greenhouses and 
in the open. 

1999, VOL. 5, NO 2 I - . .  ISSN 1392-1 355 



JIC FORESTRY RAL 
ING PROD 

The trend towards hard plastic "open wall" con- 
tainers is very pronounced. Mechanization and auto- 
mation of different work phases in this method are easy. 
Also, it is technically easier to carry out the niechani- 
zation of grading and packing that1 when dealing with, 
for instance, Ecopots. 

Present day automation and technology would pro- 
vide technical possibilities for automation of container 
seedling production. When choosing the degree of au- 
tomation, it is necessary to assess the risks and capital 
costs associated with nutotnation when in relation to 
manual alternatives. Rational technical development is 
necessary. The production technology used should be 
such that it for its part enables healthy and vigorous 
plants to be raised. When automating production, one 
must also bear in mind that seedling production also 
requires able and skilled staff. 

The most interesting current issues relate to plant 
production hygiene, short day treatment, seedling stor- 
age, the use of plant protection chemicals, and to envi- 
ronmental factors in general. Also, studies of the work 
atn~osphere at forestry nurseries are of interest after a 
break of twenty years. Issues concerning plant produc- 
tion need some clarification following Finland's joining 
the European Union. Keeping production costs under 
control has lead partly to the use of small container seed- 
lings; for instance the use of one year old spruce seed- 
lings has increased. Planting out results have been pos- 
itive. On the other hand, there is growing interest in the 
use of larger containers, for exaluple in Canada. Also, 
planting out almost in the whole growing season has 
been attempted, at least with birch, with good results. 
These experiments are being extended also to other tree 
species. In  Sweden, conifer seedlings have been machine 
planted almost in the whole growing season. 

Finland's container seedling production has been 
at the "sarile" level for quite some time. Now, new in- 
vestments are being made. On the other hand, nurser- 
ies have conducted critical evaluations of their opera- 
tions. Some nurseries have been closed and companies 
have centralized their production. Also, new private 
producers have appeared and obviously more will come 
to the ~narket .  
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