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Thc forcsl rcgcncration arca ill I:inland was 166 000 hcctarcs ill 1998 o f  wllicll tllc proporlio~l o f  planting was 47 %, sowing 
20 % and llatural rcgcncrating 33 %. Nowadays, rnccl~anizcd ground prcparatio~i is carricd out on ncarly all rcgcncratiorl arcas. Of 
all groul~d prcparation rnctllods, disc ploughing is most cornllion. Nowadays, sucll cquip~ncnt is favourcd wliicll is ablc to flcxibly 
cxccutc various grou~ld prcparatiotl mctllods in diffcrcnt parts o f  (Ilc rcgcncration arca. 

Of all sccdlings protluccd iu I:inla~ld, $7 % arc contaitlcr sccdlings. Tllc n~a.iority o f  sccdlings arc pla~llcd by llarld with a pot 
tubc. Tllc proportion o f  ~ i~cc l la~ l izcd  planti i~g is rni~l inlal for t l ~ c  tirrlc bcing. Tllcrc arc or~ ly  a fcw plailting r~iacll i~ics in usc. Tllc 
dcvclopmcnt o f  mcclia~liscd planting must bc carricd out i n  closc coopcration will1 sccdling productiou. 

Sowing is carricd out i n  con~binatioli with rnccllanical ground prcparation. Thus. sowing costs arc lowcr comparcd with 
scparatcly carricd out Ilantl sowing. 

I~~~v i ro l i rncn tn l  hctors arc Inattcrs also to bc consitlcrcd in d i f fcrc~l t  pllnscs o f  forcst rcgc~~cration. 

I<cy words: sowing, n~cclla~lizcd sowing, planti~lg, n~ccllanizcd planting, rcgcncration tccll~liquc, artificial forcstntiotl 

Artificial forestation 

The term artificial forestation is understood to 
mean the establishment of a new tree generation by 
planting and sowing (Saarenmaa 1997). Forest regen- 
eration can also take place naturally. Mechanized prep- 
aration of the ground surface on the forest regenera- 
tion site is common practice. I n  this way artificial for- 
est regeneration is made easy, competing ground veg- 
etation and pine weevil (Hylobius abietis) damage is 
reduced, and conditions for growth and restocking are 
im~roved .  Site preparation is generally carried out pre- 
ceding both natural and artificial regeneration. The area 
regenerated in Finland in 1998 was 166 000 hectares; 
of this, 79 000 hectares (47 '%) were planted, 33 000 
hectares (20 %) were sown and about 54 000 hectares 
(33 "/;I) regenerated naturally (Finnish Statistical Year- 
book of Forestry 1999). The proportion of planting has 
diminished so~newliat during the past ten years and that 

burning has diminished since the 1960s; currently, it 
amounts to some 900 hectares per year. Mechanized site 
preparation has considerably increased since the 1960s. 
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Figure 1. Extent of forest regencrntion pcrfornicd annually 
(Finnish Statistical Ycarbook of Forcstl-y 1999) 

of sowing has increased. In the other Nordic countries 
Figure 2 shows the area proportions of the vari- 

the proportion of  sowing is negligible, for example in 
011s soil preparation methods fro111 1955 to 1996. Site 

Sweden less than one per cent of the total area regen- 
preparation being a heavy work phase has been mech- 

erated. 
anized. It is carried out mechanically using various 

Figure 1 shows the annual regeneration areas by 
drawn devices, excavators, tilling devices niounted on 

site preparation methods. The proportion of prescribed 
hydraulic cranes and others. Four wheel drive agricul- 
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Figure 2. Proportions of different site preparation mcthotls 
in 1979, 1989 and  1995 (Hiilniiliiinen 1997) in 1998 (Finnish 
Statistical Yearbook of Forestry 1999) 

tural tractors arc suitable as prime movers for lighter 
devices. Heavier devices require a forwarder or a crawler 
tractor as tlieir prime mover. Mechanized preparation of 
forest soils began at the end of the 1950s. The first to 
be used were patch scarifiers. These were followetl by 
forestry ploughs, harrows and excavators. Nowadays, 
nearly all site preparation on regeneration sites is ~nech-  
anized (tIiimiilRinen 1997). 

Ploughing was widely used in Northern Finland as 
recently as in the 1980s. Nowadays, it is of little signif- 
icance. It has been replaced with mounding on sites 
requiring intensive preparation. Mounding and drain- 
age-and-mounding are used in Northern Finland and 
also elsewhere in Finland on water-logged sites. 

Disc trenching (Figure 2) is the most widely used 
site preparation method. Other light ~iiethods are scar- 
ifying and rotary-tilling. These are suitable for both 
natural and artificial regeneration on nearly all sites, 
excluding peatlands atid upland sites with a thick raw 
humus layer. The effect of the terrain and logging waste 
on the result of  grourid preparation has been studied 
by I-IamRliiinen and Kaila (1987) and others. 

Development of site preparation equiptilent has 
been successful in Finland. Devices of world renown 
in this field include TTS Forest's mechanically and 
hydraulically activated disc trenchers. The first me- 
chanical disc trencher was made in 1961 and it was 
drawn by agricultural tractor. The hydraulically powered 
TTS Donaren was developed in the mid- 1970s at the 
TTS Institute's Experilnerital Station mainly in compli- 
ance with Swedish requirements (Korhonen 1997). 

The Sinkkill scarifier is the best known scarifier. 
In recent years, development has been focused on de- 
vices which can be used to carry out light site prepa- 
ration as well mounding (Sinkkilii scarifier, Toimi scari- 
fier-mounder, TTS Delta IIB, and TTS Delta 111). This 

development trend is most welcome. Although regen- 
eration sites in Finland are small, the conditions are 
varied. In easy conditions, good results are achieved 
with existing multifitnctional devices but mounding, for 
instance, in difficult conditions is not entirely satisfac- 
tory. Backhoes and cxcavators can be used to produce 
the desired mounds and even drainage ditches, and 
with accessories, patch scarifyilig is also possible. Ilow- 
ever, high costs are a restricting factor. 

Present day site preparation equipment made in 
Sweden includes Donaren, BI-iicke and tlie Eco rotary 
tiller. There is a wide array of site preparation equip- 
ment in different parts of tlie world: the alternatives 
range frorn very lninor breaking of the soil surface to 
intensive ploughing or drainage-and-mounding. 

The average site preparation costs in Finland were 
FIM 741 per hectare for disc trenching, FIM 1008 per 
hectare for mounding and ploughing, and FIM 1448 per 
hectare for prescribed burning (Finnish Statistical Year- 
book of Forestry 1999). Arnkil and l-iiimiiliiinen (1995) 
used the figure of FIM 590 per hectare as the disc- 
trenching cost and that of FIM 1200 per hcctare as the 
cost of mounding when studying the cost of mecha- 
nized planting. Parpala (1995) obtained the figure of FIM 
350 as the cost per hectare of mounding when using 
tlie agricultural tractor drawn Toi~ni  mounder on sites 
with a thin raw humus layer. 

Mechanizetl sowing 

The practice in the United States since the early 
1940s has been to use aeroplanes and helicopters in 
forest sowing (SirCn 1954). SirCn experimented with the 
use of an aeroplane for the same purpose in Finland in 
1953 and 1954 in the surroundings of llelsinki and in 
Finnish Lapland. The areas selected for sowing in Lap- 
land were sites burnt over seven to eight years previ- 
ously and about 900 hectares in size. A runway meas- 
uring 25 m by 300 m was cleared manually in Kuttura 
within a week and 1300 kg of seed were sown. The re- 
stocking result was poor both in the airborne sowing 
and tlie colitrol hand sowing on snow. This was main- 
ly due to poor germination of  the seed. As regards 
costs, airborne sowing was of the same order as hand 
sowing (SirCn 1954, SirCn 1957). 

The prerequisite for mechanized sowing is that ben- 
efficient site preparation (Korhonen and Miinty 1991, 
IIyppiinen 1998). There are plenty of suitable sowing 
n~achines for mechanized sowing, such as TTSJPalonen, 
TTSlSig~na (Figure 3), TTS/SeedGun (Figure 4), Marttin- 
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en Ky's Top-100, Tume MKL 2, and the Swedish made 
Bracke. Mechanized sowing Ineans that tlie seed is sown 
onto a prepared soil surface in a controlled manner. The 
aniount of seed consumed in mechanized sowings is 
between 150 - 300 grams per hectare depending on tlie 
germination of the seed. In machine sowing the seed 
must not be damaged. 

Figure 3. TTS-site 
preparation machine 
and TTS-Sigma secdcr 

Figure 4. illoundtng and SccdCiun scede~ 

both pine and mixed sowing of pine and spruce. Mecli- 
anized sowing has also been employed when ensuring 
and speeding up natural regeneration (Kinnunen 1992). 
Sowing carried out in  conjunction with site preparation 
results in labour cost savings when compared to man- 
ual sowing as a separate work phase. The germination 
conditions are considered to be better when sowing is 
carried out in conjunction with site preparation when 
the soil is porous and the harmful effects of competing 
ground vegetation arc not involved. Although tlie 
ground surface is rough immediately after preparation, 
devices for making small holes have been developed and 
tried in Sweden and a!so in Finland (Kinnunen 1992, 
Winsa and Bergstcn 1994, Winsa 1995). Seed germina- 
tion has been better in these small depressions than in 
patches where seeds,have been sown onto soil treated 
in the con\~entional manner (scarified, disc-trenched). 
Covering the seed has also been observed to improve 
restocking (Yli-Vakkuri & Riisii~ien 197 1, Kinnunen 1982, 
19921. 

Mechanized planting 

Planting machines are used to speeding up the 
planting work and make it lightel. Co~iibination plough- 
ing arid planting machines were experimented with al- 
ready at tlie close of the 1800s in the Unitcd Statcs with 
horses as the draught anilnals (Appelroth 1969). These 
planting machines functioned with the ploughing prin- 
ciple and thus were suited mainly for planting on field- 
like ground. Such ploughing planting ~nacliines are still 
in use and they are particularly common in the plant- 
ing of short rotation tree species (Harstela and Tervo 
1983). When felling, the heav~est  work stage in forest- 
ry, had been mechanized, interest toward mechanized 
planting grew at first in Sweden and later also in Fin- 
land. The Serla planting machine was developed in Fin- 
land in the 1970s (Kaila 1984). lIowe\ier, planting ma- 
chines suited bcst for afforestation of fields and ex- 
tretiiely good reforestation sites had been developed 
considerably earlier (Appelroth 1969, Appelroth and 
Ilarstela 1970). 

G. A. Serlacliius Oy's Serla planting machine ear- 
After Hamaliiinen (1997), sowing on lands owned ried out  both site preparation and pla,lting silnllltane- 

by co~npanies and thc Finnish Forest and Park Service ol ls jy ,  ~h~ feeding of  contaillerised seedlings to be 
in 1996 was mainly carried out by machine during site was ~l~~ technical success o fp lan t -  
preparation,  and the average was 83 per ing averaged 90 %. A follow-up study of the machine 
hectare (including the price of seed). showed that the average machine output was 655 seed- 

The results of mechanized sowing on sites suita- l i n g s  per ef fec t ive  hour. ~t the end of the follow-up 
ble for sowing have been at the least satisfactory for period, with lnodifications to machine, 
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output was about 900 seedlings (Kaila 1984). Although 
this planting machine was technically quite functional, 
it could not be made econornically profitable. Attempts 
were made to market the machine in Sweden for in- 
stance, where there was more interest in mechanized 
planting than in Finland. However, the Swedes chose 
the Swedish made Silva-Nova planting machine and 
went on to developing it. 

Present day planting n~achincs can be divided into 
three categories: (i) small and partly mechanized such 
as Hevotrack and Silviplant, (ii) those that move for- 
ward intermittently (i.e. the machine moves forward, 
stops and plants the area within its reach such as the 
Bracke-Planter, Eco-Planter and Ilves), and (iii) contin- 
uous action automated planting machines such as the 
Silva-Nova. (Hallonborg et al. 1997 ). The examples giv- 
en are by Nordic manufacturers. The choice of plant- 
ing position when using partly mechanized and inter- 
mittently moving planting machines is made by the 
operative. With continuous action machines, the oper- 
ative determines the spacing of the plants while the 
machine "senses" suitable planting positions. 

The 1960s saw the introduction of the motoriscd 
mole by means of which a patch and a hole were bored 
into the soil to receive the seedling. A similar principle 
is involved in the construction of the planting machines 
called Hevotrack and Silviplant. Their output per hour 
is between 200 - 220 seedlings with two planters (Hal- 
lonborg et al. 1997). 

Figure 6 shows a Bracke-Planter mounted on an 
excavator. The planter includes a site-preparation plate, 
a planting tube with its compacting device and a seed- 
ling cassette. There is room for 60 - 70 containerised 
seedlings in the seedling holder and it is filled manual- 
ly. In accordance with the results of a study by Arnkil 
and Hlnialainen (1995), the average output of the ma- 
chine varied between 133 and 168 seedlings per hour. 
This rate included about 20 % interruptions. With the 
aid of the results of Swedish studies, the output of the 
machine is at best about 250 seedlings (von Hofsten 
1993). In accordance with the studies conducted by 
Rummukainen (1995) and by Kautto ( 1  997), at the Finn- 
ish Forest Research Institute, the hourly oi~tput of the 
machine was about 140 seedlings with one third of the 
time being taken up by site preparation. After Kautto 
1 !  997), the output of thc machine should increase 50 % 
'or the :nachine to be conlpetitive with manual nlant- 
ing. :'he Swedish Eco-Planter 2000 has achieved a tnax- 
imum hourly outnut o i  over 500 seedlings in good plant- 
..-,. 

1 . cc~!ci~ticns. T!~e !:inchine -,o~iinrises two ~ i a n t i n c  

units and the functions also jnclude a site-preparation 
device called Eco-Fraser (1Iallonborg et al. 1997). 

The llves planting machine (Figure 5 )  is lighter 
than the Bracke-Planter (Figure 6), but it does not in- 
clude site preparation. The machine can be installed in 
place of the grapple on the hydraulic arm of an agricul- 
tural tractor or forwarder. The machine includes a seed- 
ling cassette, which is filled manually, placed above a 
hydraulically driven pot tube. The cassette has room 
for 102 - 150 seedlings depending on the size of the 
cassette. The productivity per effective hour was be- 
tween 140 and 230 seedlings (Rurntnukainen and Tervo 
1994, Kautto 1997). After Rummukainen, a rise in the 
productivity of planting work to 250 seedlings per hour 
when using the agricultural tractor based machine 
makes it competitive with manual planting. After Kaut- 
to (1997), an additional output of 30 D/o is required for 
the agricultural tractor based planting machine and 50 
% for the forwarder based unit for them to be compet- 
itive with manual planting. The difference is due to the 
higher capital expenditures of a forwarder colnpared to 
an agricultural tractor. 

Figure 5. T h c  Ilvcs plantirig mnchinc 

;'icr~re 6. T h c  BrSckc n lan t i~ lg  ~n;iciiine 
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Mechanized site preparation and manual plantirig References 
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system payments and seedlings as well as other costs 
charactcristic of the work in question. 

Development of mcchanization of planting and 
plant production need to be performed in close co-op- 
eration. Mechanization of planting work benefits if it is 
kcpt in some form under consideration and prccondi- 
tions are created for different future alternatives. The 
feed automation of  plants rnay improve the output of a 
planting machine by approxiniately 15 pcrccnt units. 
Finnish forests will be regenerated by planting also in 
the future. In Finnish forests there are regeneration 
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47% 06nccerro I ~ o c ' u K o ~ ~ ,  20% - IIOCeBOhl, M 33% eCTeCTReIl l lh lh1 ITYTCM. B IIaCTORLUee RpehiR h l C X a l l ~ c ~ e C K 2 U l  IlOIlrOTOBKa 

n o q n b r  r l p o B o n n n c R  I I O ~ T M  I r a  ncex rmoulamx, o r n e n e r r r r L l x  NIX J l e c o n o c c T a r l o n n e r r e R .  HarrGo~rcc pacrrpoc~parre~r~r~~rfi h r e T o n  

n o n r o T o n K u  nosnu nnnxercn n o n r o T o n K a  ee opynun~r-I  n r r c K o n o r o  r r t r r a .  B l r a c - r o n m e e  n p e h r n  n p c n r r o q - r c l l n e  o~nacrcn 
0pYni.tRhf IlOAl.OTOBKPl nOVI3Ll, KOTOpLle  ~ 0 3 B O J l R I O T  MGKO n p l l h i C l l R T  pa3Jlk lqr lLle  hfeTOnL1 IlOfl~OTOBKM I l O ~ I i l ~ l  3aI3liClIhfOCTH 

or y c n o ~ c l i i  h t e c ~ o n p o r r s p a c ~ a r r ~ ~ ~ .  

87% nccro r~oca~~oqrroro h r a - r e p w u r a ,  n h r p a m r f n a e ~ o r o  B Q r r r ~ n n r ~ n r i r r ,  n n J l R e T c R  C ~ X ~ F I U L I  c 3 a ~ p 1 ~ ~ 0 i i  ~opr~cno i i  
c r - 1 c ~ c h . r o i i .  ~ O ~ L U I U I I C T B O  c a x e l l u e n  B L l c a X r i n a l o T c n  o p y q r r y l o  c n o h r o m h l o  nocanog~ofi nopy6~1. M e x a ~ r i i s ~ i p o n a r l r r a ~  

n O C W K a  JTeCa I? H a C T O R u l e e  RpehlR llpOM3BOUIiTCR B hfMllllhtaJlLIlL1X 0 6 L ~ h i a x ,  N I R  ~oropoR UCnOJlb3yeTCX TOJILKO IICCKOJILKO 

neCOlIOCilLIOqllblX AiBUIiiH. P i u n M ~ M e  MeTOJlOB h f e ~ a l l l l 3 1 i p 0 ~ a l l l l ~ b i  JleCOllOC~WKM nOJ1XllO I l p O B O ~ H T C R  B TeCIlOM COTpyUlrCqCCTBC 

C h f C T O ~ a h l l l  npOM3BOUCTBa ITOCanO'4llOrO MaTCpMEUIaM 

IIoceo neca r~pocrsoon~~cn o n r l o n p c h t c r r r l o  c nonroron~oii IrotrnLr.  TO IIO~BOJIRCT Y ~ ~ ~ I I L U I M T L  s a ~ p a ~ ~ ~  I r a  cosua~rrre 
JrecrrLrx  Kynr ,Typ,  no c p a n r r e l l M r o  c pyqlrhrhf  n o c e n o h i  r l o c J r e  ITOJITOTOBK~I n o q n b l .  

@;~KTOPLI  0 ~ ~ y X a l 0 L L l e f i  C P e n L l  RBnRlOTCR T Z l K X e  l 3 a X l I L I M U ,  iI ~ O J l X l T L l  YqC1TLlB;lTbCR B p a 3 J l M q l l b l X  $ a 3 a ~  

neCOBOCCTallOMCIIUR. 


