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Cover photo: Seed crop measuring with funnels in a pine forest in Kuhmo near
the boundary line of Finland and Russian Karelia. Photo Jukka Valtanen.
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Forest regeneration is the most difficult part of silviculture. After a stand has
been established with seedlings reaching half a meter in height, it is usually
easy for it to grow to maturity. Therefore, regeneration should be carried out
fast with the least delay possible.

Finland and Russian Karelia belong to the boreal coniferous zone and within
that to the southern, central and northern sub-zones. In southern regions grass,
herbs and drought are the worst drawbacks. In the north the pine and the spruce
seldom produce seeds and its ability to germinate is low. A lot of seedlings are
damaged by disease, insects or browsing by larger animals. Sometimes forest
regeneration fails totally.

A forester has two methods in his possession: either the natural method or the-
artificial method, the latter meaning seeding or planting. Mechanical soil pre-
paration is usually necessary with both methods, since a seed does not grow
into a seedling and the transplanted seedling does not survive in the humus
layer. The natural method is slower and cheaper than the artificial way, especi-
ally planting, which is far more expensive, but much quicker.

The climate and the qualities of the soil define the tree species choice and the
regeneration method. Usually, however, there are several possibilities or com-
binations. The manager — forest owner or professional forester — should know
how to choose the right method. We have acquired more knowledge in research
in the last few years, and the operational choice is now far greater.

In the eastern part of Fennoscandia (in Finland and Russian Karelia) the
climate, the soil and the other natural surroundings are mainly very similar.
Consequently, we can act on both sides of the border in the same way. Because
of this, forest researchers of these countries had gathered together in 1994 to
discuss research problems and especially the natural regeneration of forests. In
this book there are gathered the nine lectures which were given in the seminar,
they deal with both the ecological aspects of forest regeneration and the techni-
ques of regeneration, both areas where these two neighbouring countries can
learn from.each other’s knowledge and experiences.
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BoccTaHoBieHHE JlecoB-caMasi TPyJHasi 4acTb JIeCOBOACTBa. TeM He Me-
Hee, BOCCTaHOBIIEHHE JIECOB MOXHO MPOBECTH 6bICTpO. [Tociie Toro Kax jec-
0BO300GHOBJIEHHE NOCTHIIO 0.5 M B BBICOTY, OGBIYHO JIETKO BBIPACTHTh Ji€C
1o crniejioro coctosiHus. ®PuHnsAHAM U Poccuiickas Kapenus pacnonaraiorcs
B 30H€e 60pealilbHbIX JIECOB B IIpefesiaX CeBEpPHOH, CpeHel U 10XKHOMU Mo/ -
30H. IlnomoHOLIEHHE COCHBI H €lIH peldKoe, a BCXOXEeCTb CeMsIH HHU3Kas.
Bonblioe KoIH4ecTBO BCXOI0B NOru6aeT oT 6ojie3Hel, BpeJuTellel U MoB-
pexX/eHHs XHBOTHBIMH. FIHOTIa 71eCOBOCCTaHOBJIEHHE COBCEM He YIaéT-
cs. JIecoBo/l MOXET HCTONb30BaTh [1Ba METOMIA: €CTECTBEHHOE JIeCOBOCCTa-
HOBJIEHHE H HCKyCCTBe}iHoe (nmoceBoM W nocaaxoi). Mexanuueckas o6pa-
60TKa IMOYBbI OGBIYHO HEOGXOOHUMa B JIIOGOM Clly4ae, OCKOJIbKY yCIIOBHS
IJIs IpOpacTaHUsl CEMSIH H POCTa CaXKEHLIEB HIIM caMoceBa He6J1aronpHusT-
HbI Ha IOBEPXHOCTH JIECHOH MOACTHIKH. MeTO/I eCTeCTBEHHOT0 BO30GHOB-
JIeHHs [elleBlie, HO Me[JlIeHHee, 4YeM HcKyccTBeHHoro. [locnennuii Gonee
HaJEXHbIH, 0cO6eHHO nmocankoii. KnuMaTHyeckve H NMoYBEHHbIE YCIOBHSA
onpenensioT BbI6Op APEBECHOH MOPOAbl H METO[ JIECOBOCCTaHOBJIEHHS.
OpnHako 06bIYHO ECTh HECKOJIBKO BO3MOXXHOCTEH HJIH KOMOGHHaLUiH. MeHe-
X ep-CoOOCTBEHHHK JIECa HITH PO ECCHOHANIbHBIH JIECHUYHH J0JK€eH 3HaTh,
Kak BbIOpaThb NPaBHJIbHBIA METONI. B mocienHue roasl B pecyibTaTe Hecle-
NOBaHUI HaKoIlJIeHa 3HaYuTelbHasi HHopMalus. [IoaTomy peanbHee cTala
BO3MOXHOCTb IPaBUJIbHOIO Bbi6opa. B BocTouHON YyacTH QEeHHOCKaHAUH
(B ®uHnsinouu U Poccuiickoi Kapenuu) kiMMaTHYecKHe, IOYBEHHbIE H
[pyTHe NPHPOIHBIE YCIOBHS, B OCHOBHOM, O4YeHb 61H3KH. Clle0BaTellb-
HO, MpaKTHKa JIECHOTO XO0351MCTBa N0 06€ CTOPOHBl IPAHHILBI CXO0Xa.
ITosaToMy HcclienoBaTelNH Jieca U3 3THX CTpaH cobpaluch BMecTe B 1994
rofy IJisl TOTo, UYTO6bl 06CYIUTb HCClled0BaTelbCKHE MPO6IEMbl, 0CO6EH-
HO, €CTECTBEHHOI0 BOCCTaHOBJIEHHs JlecoB. BoaHHo# KHHUre co6paHbl 9
OOKJIaJloB CEMHHapa, KOTOpble KacaloTCsl KaK 9KOJOTHYECKHX, TaK H
TEXHOJIOTHYECKHX acCleKTOB BOCCTAHOBIIEHHUSI JIECOB.
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For the Reader

A joint symposium between the Muhos Research Station of the Forest
Research Institute of Finland and the Forest Institute of the Karelian Re-
search Centre was arranged at Muhos Research Station between the 17th
and 20th of January 1994. At the same time there was scheduled a more
in depth meeting on the subject, a seminar, which was held on the 27th to
30th of June 1994. The program of the seminar included lectures and
excursions in Muhos and eastwards as far as the forests in the area of
Kostomuksha. The lectures have been collected into this publication in
English, with the abstracts also in Russian.

The natural conditions of the coniferous zone of eastern Fennoscan-
dia, that is of Finland and Karelia, are in the point of view of silviculture
mainly very similar. The climate (precipitation, temperature, the change
of seasons) and the soil (mineral soils and marshes) are in the same way
suitable for the most important tree species of forestry, pine, spruce, sil-
ver birch and pubescent birch. The topographical features of the terrain
are also similar. Because of this forestry in Finland and Karelia can utili-
ze the experiences which have been obtained on both sides of the border
and also the knowledge which has accumulated in common research and
practical work. This holds true especially in the northern parts of the
area, where there are more constraints on forestry compared to the more
southern areas and where the need of research data is greater. This opini-
on was unanimous in our seminars.

The manager of the Forest Institute of Petroskoi, Sergei Zyabchenko
participated in both seminars. We could not foresee (perhaps he did not
foresee it either) that he would become seriously ill. Already in July he
had to go to the hospital, from where he could not continue his work. He
died on the 12th of September 1994. Before that he put the finishing
touch on his lecture which is the third in this publication. This became
his last written product. Sergei Zyabchenko was a central person in our
long-term cooperation, and we hold deep respect for his memory.

I wish to thank Miss Hannele Miki for translating the Finnish texts
into English, Mr. William Fasse and Mr. Robert Mann for revising the
English of the manuscript and Mr. Uno Ridal for translating the majority
of Russian texts.

Jukka Valtanen
MML, editor




K 4urTaremo

Myxocckas HccienoBaTelbcKas cTaHuusg PuHCcKoro JlecHoro
Hay4Ho-uccnenoBaTelbckoro HHCTUTYTa U UHCTHTYT neca Kapeinb-
ckoro llenTpa PAH opraHu3oBaiii COBMECTHBIF CUMIIO3UYM I10 IIPOG-
JieMe eCTeCTBEHHOro Bo300HOBIIeHH JiecoB 17—20.1.1994 na uccne-
I 0BaTeJbCKOM CTaHIIMH MyXoca. B To xe BpeMs roToBuiu 6onee oc-
HOBaTelIbHOE COBEIllaHHe,CEMHHap,KoTopbIH npoBesH 27—30.6.1994.
B nporpamMe ceMHHapa 6bLIH 0KJIa/ibl H [10JIeBble 9KCKYPCHH B Jiec-
HbIX MaccHBax B oKpecTHOCTsAX Myxoca u Koctomykmu. [Joknambl
3THX JHeH co6paHbl B MpeJjlaraeMoM YHUTATEeNI0 H3JaHUH Ha aHIIIH-
HICKOM si3bIKe, pedepaThl HallUCaHbl U Ha PYCCKOM.

[IprponHBIE YCIOBHS B M10JI0CE XBOMHBIX JIECOB B BOCTOYHOM DeH-
HOCKaHIUHU HIH B PUHIAHIMH U KapenuH ¢ TOUYKH 3peHHs J1eCOBOJI -
CTBa 04YeHb 6JIMCKHU. KIIMMaT Y 0YBBI IO XOAAT AJIs IPOU3pacTaHUs
BaXXHEMIIUX [1JI51 IECHOTO X0351HCTBa IPeBECHBIX MIOPOJI: COCHBI, €JIH,
6epé3bl 60polaByaTol 6epé€3bl NMYyMHUCTON. TakXe CXOIAHB U
Tonorpauyeckue 4epThl MecHocTH. IloaToMy necoBoacTBo B
OuHnsaHAuU U Kapeinu MoXeT HCIONb30BaTh OMBIT, KOTOPBIH
10Ty Y€H 110 06€ CTOPOHBI TPaHHILIbI, @ TaKXe 3HaHHs, aKKYMYIHpPO-
BaHHbIE B pecylbTaTe IIPOBENEHHsI COBMECTHBIX HayYHbIX UCCIIE0-
BaHHI. OCO6GEHHO 3TO KacaeTcs CeBEPHBIX TEPPUTOPHI, I'le yCJIo-
BH [1J151 JIECOBOACTBA 3HAYHUTEJbHO TPYIHEE H 109TOMY ITOTpe6HOC-
Th B Hay4HBIX pecyibTaTax Bbillle. K 2TOMy MHEHHIO IIpHLLIH BCe
Y4aCTHHKH CEMHHapa.

Pykosonutenb UHcTHTyTa Jleca Kapenbckoro Hay4noro LlenTpa
Cepreit 3s164€HKO y4acTBOBall B pa6oTe 060HX CEeMHHapoB. MBI He
Ipe/roiarat, MoXeT ObITb M OH CaM He 3Hall, 4YTO CEPbE3HO 6olieH. B
HI0JIE OH I10Mall B 60JIbHUILY H HE CMOT 60IIbIIIE IIPOIONIKATh PaGoTYy.
On ymep 12.9.1994. [To aToro oH Hamucal CBO¥ I0KTa, TPETHH B
3TOM H3[aHHH, KOTOPBIH CTall IocjeJHeH ero NMCbMEHHOH pa6oToH.
PykoBonuTens Cepreit 3si64€HKO GblJI OIHUM U3 HHUIIHATOPOB [10JI-
rOBPEMEHHOIo COTPY IHHYECTBa ABY X JIECHBIX HHCTHTYTOB. [louTHM
€ro namsThb.

Xouy mno6narofapuTh: XaHHelne MsKe 3a nepeBoibl ¢ (PHHCKOrO
Ha aHruickui Bunnnama @acce 1 Po6epTa MaHHa 3a IpoBepKYy aHT-
JUHCKUX TEKCTOB H YHO Puians, KoTopbiiiniepeBoaHIl 60IbIIHHCTBO
PYCCKHX TEKCTOB.

IOkxa Bantanen
MMIJI, penakTop




Alfred Colpaert

Application of GIS in Gross-Border Research Projects

Aubdpen Koasnepr

Hcnonb3oBanne reorpadpuyecKkux HHPOPMaIHOHHBIX
cucrteM (GIS) B TpaHCrpaHHYHBIX HCC/IeI0BATEIbCKHX
NpoeKTax

Abstract

Computer systems designed to handle spatial data are usually referred to
as Geographical Information Systems (GIS). Geographical information
is co-ordinate based data related to the earth surface. GIS systems can be
divided into vector and raster based systems, hybrid systems integrate
both spatial data models.

International research projects often create large amounts of shareab-
le data. GIS systems can play an important role in storing and maintai-
ning data produced by research groups in different countries. The use of
GIS in this context stresses the need for standardisation of data collecti-
on and representation of results.

Pedepar

BbIYHCIHTENbHBIE CUCTEMBI, NIpeIHa3HaYeHHble )i 06paGOTKH
NpOCTPAHCTBEHHOH HH@OpPMAIHH, OGHIYHO Ha3blBaAlOTCH
leorpacpuyeckuMu HHPOpMaLUOHHBIMH cucTeMaMu (GIS).
leorpacguyeckas HH(OpMalHs peIcTaBiseT co60il 6a3upoBaHHbIE
Ha KOOpAWHAaTaX JaHHbIEe 0 IoBepxHOCcTH 3emiH. [eorpacpuyeckue
MH(OPMaIHOHHbIE CHCTEMBl MOXHO pa3fellMTh Ha BEKTOPHbHIE H
pacTpoBble CHCTeMBl. 'M6pHIHBIE CHCTEMBl 06bEIUHSAIOT 06a THIIA
CHCTEM.

B paMkax MeXIYHapoOHBIX Hay4YHO-HCClIe10BaTeIbCKHX IIPOEK-
TOB 4YacTO CO3JaeTcs GONbIIoe KOIHUYECTBO COBMECTHO U MONb3Yye-
MBIX JaHHBbIX. [eorpagpuyeckass HHPOPMaLHOHHAS CHCTEMa MOXET
HIpaTh BaXXHYI0 poJib B XpaHEHHUH U CONPOBOXIEHHH TaHHBIX,




IOTyYE€HHBIX KOJUIEKTHBAaMH YY€HbIX B pa3HbIX cTpaHax. Mcrnonb3o-
BaHHe reorpauyeckoi HH(OPMALIHOHHOM CHCTEMBI B TaKHX LeJIAX
IMoJYepKHBaeT 3HaYeHHe CTaHJapTH3aLMH C60pa, XpaHEHUS U BU3Y-
aJM3allMy JaHHBIX.

GIS

Geographic Information Systems (GIS) can be defined as computerised
systems designed and maintained to process spatial data. Spatial means
that the data is related to a physical object with given co-ordinates on the
earth’s surface. Usually GIS systems resolve complex physical objects
into-three basic spatial items, points, lines and polygons. These systems
are called vector based in contrast to raster based systems that have only
one basic spatial item, the grid cell (Fig 1). Usually GIS software incor-
porates both systems and are able to process raster and vector format
data. Functionally GIS programs consist of five major modules, the in-
put, output, data storage, analytic and the manipulation module. The GIS
and the user communicate through a user interface that is designed to
give easy and efficient access to these modules (Fig 2).

GIS differs from traditional database management systems in that data
can be accessed and analysed using geographical techniques. Data can
be_selected on the basis of some non spatial attribute and displayed to
reveal the presence or absence of spatial relations. Data can also be
selected using spatial queries, for example, we can retrieve the informa-
tion available for a location. For a detailed description of GIS see Aro-
noff (1989) and Maguire, Goodchild and Rhind (1991).

GIS Applications

Although it can be said that GIS is used to process spatial data, there is a
wide variety of possible applications. It depends upon the nature and the
goals of a project which type of GIS is needed. In some instances GIS is
used for mapping and map production, in others the main use is the sto-
ring of large spatial databases. It is therefore that there is not one generic
GIS, but there are many different GIS systems that are specialised in
certain directions of the GIS field. The platforms on which GIS pro-
grams run vary from personal computers (PC) to UNIX workstations and
mainframes. Workstations can be linked via a network to give access to




large shared spatial databases. These different demands and needs have
led to several distinct GIS implementations.

Several different GIS variants can be mentioned:

- LIS Land use Information System

- AM/FM Automated Mapping and Facility Management
- NET Network analysing and Route optimising

- RS Remote Sensing

- ARE Academic Research and Education

- DM Desktop Mapping

—.uss-Border Research Projects

Research projects involving organisations from different countries have
often problems comparing data and results. Is it possible to use the po-
wer of GIS to resolve these problems? The ability to capture and mani-
pulate geographical information makes a GIS very suitable to store rese-
arch data with different formats and / or co-ordinate systems. Usually
map systems from neighbouring countries have different co-ordinate sys-
tems, making it difficult to share geographical data. GIS programs chan-
ge co-ordinate systems from one projection to another. This feature enables
us to reformat all data into one co-ordinate system, for example the Uni-
versal Transverse Macerator projection. For some areas map material
might not be available at all. Using satellite images and remote sensing
techniques we can capture missing geographical data for input in the
spatial database.

To ensure the availability of all attribute data (related non-spatial data),
the field measurements and inventories have to be associated with co-
ordinates of the location. These co-ordinates might be obtained from a
detailed topographical map, but better results are obtained using hand
held GPS (Global Positioning System) devices, measuring the geographi-
cal position with an accuracy between 30 and 100 meter. Using differen-
tial GPS the accuracy of the measurements increases to about 1 meter.

When the research efforts of two or more organisations are to be sto-
red in a GIS we can envisage various approaches. The most advanced
solution would be the use of a common shared spatial database. This is
however often impossible due to differences in software and / or hardwa-
re. Remote access of geographical data makes high demands upon the
computer network. At present computer network links between count-




ries are not fast enough to accommodate fast, error free transfer of large
amounts of data. A second solution is what we could call the mirror solu-
tion, in this approach both organisations receive all information and main-
tain separate mirror copies of the databases. The latter method is also
robust because in case of hardware failure or loss of data at least one
copy of the data remains. When the number of participating organisa-
tions becomes large the volume of data to be exchanged will grow expo-
nentially and thereby limits the number of organisations.

Research projects crossing international borders and GIS applications
related with these demand a high degree of standardisation. Standardisa-
tion of measurement techniques and inventory methods for the field data
collection is of course obvious. A GIS however implies its own demands
for standardisation of data collection, co-ordinate system, data model to
be used, storage formats etc. Before any database can be constructed all
details concerning the data have to be reviewed and fitted into a common
data model to provide a homogeneous, error free and accurate database.

References

Aronoff, S. 1989. Geographic Information Systems: A Management
Perspective. WDL Publications, Ottawa, Canada. 294 pp.

Maguire, D.J., Goodchild, M.F. & Rhind, D.W. 1991. Geographical In-
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Figure 1. Point (1), line (2), polygon (3) and raster (4) data models.
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Figure 2. Functional description of a Geographical Information System.




Matti Oikarinen

Forest Regeneration in Finland and the Use of
Dielectricity Measurements and GIS-System in the
Choice of Regeneration Procedure

MartTu OlikapuHeH

Bo3o6HoBJienHe Jieca B ®HHISHIHH H HCIIO/IL30BaHHE
H3MepPEeHHS TH31eKTPHYECKHX XaPAKTEPHCTHK H
reorpadgH4eckoii HH(pOpMALIHOHHOH CHCTEMBI NPH

" BbIGOpE METOIOB BO30GHOBJICHHS

Abstract

During the 1950's the cuttings exceeded the annual growth in Finnish
forests. Finland prevented a threatened shortage of wood in good time
by taking actions to increase wood production, like more efficient artifi-
cial regeneration. The expectations on these methods were, in the light of
later research, often too optimistic, so that targets must be reduced. This
together with the fall in the price of wood at the beginning of the 90’s has
increased interest towards natural regeneration. At the same time there
has been developments in soil research enabling us to define the suitable
areas for different methods of regeneration easier than previously. When
these methods are included with the GIS -system we will obtain a promi-
sing high technology tool, for the planning of forest regeneration.

Pegepar

B ®UHIAHIMH PYGKH Jleca IPeBbICHIH MpUpocT B 1950-x romax. B
Lensax IpenoTBpalleHus yrpoxalouero geUiuTa 1o IpeBecHHe
UHTEHCH(HPOBAIIH Mephl, HallpaBlleHHblE€ Ha YBEJIH4YE€HHEe [IPOU3BO-
OUTEJBHOCTH Jieca, B TOM YHCJIE HCKYCCTBEHHOE Jiecopa3BeleHHeE.
PesynpTaTel UcclenoBaHHUH MOKa3aly, YTO OXHIAAHHUS 110 pe3ylib-
TaTaM Jiecopa3BeleHHs OblIIH CIHIIKOM ONITUMHUCTHYHBI H TaK, MOC-
TaBlIeHHBIE 11€JIH [IPHIILIOCH IepeCMOTPETh. DTOT (PaKTOP BMECTE C
Pe3KHM IaJIleHKeM LIeHbl Ha [IpeBeCHHY YBEJIHYHIIH HHTepecC K ec-
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TECTBEHHOMY BO30GHOBIIEHHIO Jieca. B To ke caMoe BpeMsi B 06J1acTH
HCCJIeIOBaHHs IPYHTa pa3pa6aThiBallH METObl, KOTOPHIE 06JIErYaloT,
B TOM YHCJE, OlpelelleHHe Y4YacTKOB, Ha KOTOPbIX MOTYT IpPH-
MEHATHCS pa3Hble MeTOIbl BO306HOBIeHHA. Korga aTH MeTombl
KOMOHHHDPYIOTCSI C reorpau4eckoy HH(MOPMaLMOHHOH CHCTEMOH],
pe3ylbTaToOM SIBIsIETCS MHCTPYMEHT, KOTOPbIN NMpeacTaBlIseT
BBHICI'YI0 TEXHOJIOTHIO - [IEPCIIEK TUBHBIM METOJ IIIaHUPOBAaHUS JIECO-
BO300HOBJIEHHS.

1. The Strategies of Forest Regeneration in Finland in 1950—90

After the Second World War The Finnish economy was rebuilt on it’s
forests. The annual cutting and production was raised from 38 million m?
in 1943 to 63.3 million m? in 1961, which exceeded by 26.6 % the esti-
mated increase at the time. During this period the structure of the use of
wood changed so that non-industrial use (household use, heating, trans-
portation) decreased drastically while industrial use increased. Combin-
ed with the rapid rise in the processing level of the forest industry, the
result was a powerful improvement in the efficiency of the social econo-
mics in the forest sector (Sevola 1988, Metsitilastolliset vuosikirjat
1975—1991).

Thanks to the accurate inventory of the country’s forests, the forest
resources of Finland were reliably known. On the basis of these statistics
it was possible to anticipate the situation at the beginning of the 60°s,
when the drain exceeded the growth of the forests and seriously threate-
ned forestry production on a sustained yeld basis. Extensive measures
were adopted from the beginning of the 50°s onwards to prevent the thre-
atening shortage of wood by increasing the investments in maximising
the potential growth of the forests. The most important actions which
aimed at increasing wood production were to increase forest ditching,
fertilization, cultivation and to improve the management of saplings. Be-
cause forest cultivation touches on our subject, we will examine this.

The old forest stands, which often contained tree species of little va-
lue and poor growth, were under-productive, having within them uncul-
tivated fields, and other open areas. These were, with the help of forest
cultivation, to be converted into young, fast growing stands. It was belie-
ved that cultivation would give a 10—20 years” gain in time compared to
natural regeneration, also even on such areas where natural regeneration
was in principle possible (e.g. Holopainen 1967). There was a general
optimism in relation to cultivation, site preparation and to the proportio-




nal distribution of tree species. (Lapin metsien ... 1955). When to this
was added the bhenefit gained by using improved seeds (Sirén 1958, Ti-
gerstedt 1978, Tigerstedt and Malmivaara 1970) and a strong belief in
the fact that cultivated forests grow in any case better than the naturally
regenerated ones (e.g. Kuusela 1969), it is understandable that the culti-
vated area increased from 30 000 hectares at the beginning of the 50°s to
145 000 hectares in 1971, about the level we have continued at until
recent years. The proportion of natural regeneration consequently dec-
reased. At first cultivation was 85 % sowing, this proportion was redu-
ced to 20—25 % by planting during the beginning of the 70°s, after which
the percentages have remained the same (Metsitilastolliset vuosikirjat
1975—1991).

The practical experience obtained in forest cultivation have not, un-
fortunately, fulfilled all the expectations. Forest cultivation, especially in
the form of planting, is quite an expensive operation. Cultivation has had
major setbacks especially in northern Finland, where in large areas these
artificial methods, have encountered great difficulties (Oikarinen & No-
rokorpi 1986, Mékitalo 1983, 1990, Valtanen 1988, Valkonen 1992). Ear-
lier research indicates that cultivation as such does not have benificial
effect on a stand‘s growth (Vuokila & Viliaho 1980). Man has also be-
come more cautious as to the benefits produced by forest genetics, and
there are also no improved seeds available in northern Finland (Venilii-
nen 1990, Venildinen et al. 1994, Metsidnjalostusséditié 1993). At first it
was believed that by using seeds of southern origin the growth of forests
could be improved quickly. This idea was found to be lacking after it
became clear that long transport of seed from south to north undermines
the success of cultivation (Koski 1989). The gain in time obtained by
cultivation diminished, after mechanical soil preparation became more
general as a preliminary method for natural regeneration (Kinnunen 1993).
In addition, cultivation seems to produce wood of poor quality, the value
of which as saw timber is low (Persson 1976, Uusvaara 1985).

Because of these factors natural regeneration has retained a strong
position among the methods of forest establishment, although the most
eager supporters of cultivation have predicted its end. In recent years the
views which emphasize conservation and the greater diversity of nature
have obtained more favor, to which view natural regeneration suits well.
But above all, the fall of the price of wood as a result of the recession in
the early 90°s, has increased the interest in natural regeneration as a natu-
ral potential which one cannot afford to ignore.
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Figure 1. An old spruce forest after a heavy thinning 50 years ago. The
humus layer is 10 to 15 cm. The soil is cool and poorly airated. Only
one spruce sapling has come up in 50 years. Photo Jukka Valtanen.

2. Reasons for Regeneration Difficulties

One of the reasons for the difficulties in regeneration has proved to be
the southern origin of the seeds (Mononen 1987, Ruotsalainen 1987).
The instructions concerning the origin of the cultivation seed have been
revised and since the 70’s it has been in this respect flawless. In much
research climatic factors have been noticed to have an impact on the
success of regeneration. Drought, excess water, frost, and sub zero tem-
peratures etc. may cause considerable damage on regenerated areas. Some
of these problems can be avoided by the choice of the tree species and
the regeneration method, while others are completely outside the influence
of man. Also the soil’s physical and chemical qualities can make regene-
ration more difficult. The particle structure of soil, the soil ‘s airation and
the water permeability are probably in this respect decisive, although
there precise influences are still uncertain (L&dhde 1974, Pohtila 1977).
The portion of the soil’s fine particles is evidently important, but their
shape, the climate, topography and the depth of the soil and its stratifica-
tion play their own roles which are difficult to understand. In addition are
the biotic factors from animals and insects to fungal diseases.
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Of these factors which hamper regeneration, most concern all types of
forest establishment, whether it be a question of planting, sowing or na-
tural regeneration. However, the different damaging factors have a very
different emphasis as to the method of regeneration. Here the dielectrici-
ty of soil makes it easier to choose the workable regeneration methods in
varying natural circumstances.

3. The Dielectricity of Soil as a Factor which Influences Regeneration

Natural gamma radiation, electrical characteristics, dielectricity and con-
ductivity of soil offer new possibilities to obtain important knowledge as
to the trees‘ requirements from their growing sites. The conductivity of
soil depends on its water and electrolyte content, whereas dielectricity
depends directly on its water content (Sutinen 1992). Nature’s gamma
radiation decreases according to the water contents of soil (Zotimov 1971),
and thus correlates strongly with the dielectric characteristics (Makitalo
et al. 1993). Dielectricity can be measured in the terrain with ECP (=
electrical capacitance probing), ADR (= time domain reflectometry) or
RSAD (= radar surface arrival detection) methods (Sutinen & Hénninen
1991). The two first apparatus are suitable for measuring on site and the
latter for measuring by a moving vehicle or by an aeroplane. Capacitance
measuring is based on the use of electricity and the two others are based
on radar. The measuring of gamma radiation has traditionally been used
in geological surveys made by aeroplane of large parts of Finland, so
there is plenty of ready research material.

With these methods we can get information on the qualities of the
soil, the water content of which is one of the most important. It depends
on particle structure, their shape and weathering, on climate, topography,
the stratification of the'soil and the distance of the bedrock from the
surface. It is very difficult and expensive to obtain corresponding infor-
mation with any other method.

The methods have been tested on the area of Pomokaira in Lapland,
where there are diversified regeneration experiments, practical regenera-
tion areas and naturally virgin forest. Poksaselkd in Pomokaira has be-
come well-known as an area where the soil types are fine, spruce is the
dominating conifer species, and where the regeneration of pine has pro-
ved to be very problematic. With the help of geological gamma flight
measurement it was possible to mark relatively well the natural pine fo-
rest areas and to distinguish them from spruce areas (Makitalo et al. 1993).
In the regeneration experiments of Poksaselkd pine seedlings perished
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most quickly in those areas where, according to dielectricity measurings,
the water content of the soil was greatest. The water content of the whole
spruce growing area was, for its part, clearly higher than on the compari-
son area where pine grew naturally.

4. GIS-System as an Aid in Planning Forest Regeneration

With the help of GIS (Geographic Information System) -method the di-
verse information concerning the soil, can be transferred as a part of the
forest data. This can be supplemented and specified by further surface or
flight measurements if needed. The dielectricity signs can be used e.g.
together with information concerning the climate, topography and nut-
rient content to make the choices easier, between the tree species and
regeneration methods. The research may produce in the future more pre-
cise models about the success of regeneration, wood production, and eco-
nomic results. This makes it possible to use different calculations flexib-
ly and efficiently in a large scale.

Although the research of this field is taking its first steps, its future
prospects are promising. The secrets of forest land may be exposed more
deeply, which makes e.g. a better and more appropriate regeneration sys-
tem possible.in the forests. Through the combination of the different bran-
ches of science and combined application methods we can reach impor-
tant synergetic benefits for science, technology and practice very econo-
mically. We can also probably find wide-ranging and important uses for
the dielectric signs in the future among forestry, geology and in planning
the use of general natural resources. Modern data technology in the form
of GIS-system offers a possibility for a full-scale utilisation of these pos-
sibilities.

References

Holopainen, V. 1967. 60-luvun metsdpolitiikka. WSOY, Porvoo. 156 s.

— 1970. Vastuun metsépolitiikka. Kirjayhtym4, Helsinki. 160 s.

Kinnunen, K. 1993. Minnyn kylvé ja luontainen uudistaminen Lénsi-
Suomessa. Abstract: Direct sowing and natural regeneration of Scots
pine in western Finland. Metséntutkimuslaitoksen tiedonantoja 447.
139 s. ISBN 951-40-1271-2. ISSN 0358-4283.

Koski, V. 1989. Siemensiirrot ja ilmastoon sopeutuminen. Metsantutki-
muslaitoksen tiedonantoja 328: 20—37. ISBN 951-40-1051-5. ISSN
0358-4283.

Kuusela, K. 1969. Tuottava metsi. Kansallis-Osake-Pankki. 36 s.

13



Lapin metsien mahdollisuudet. 1955. Suomen Metsénhoitajaliitto. 143 s.

Lihde, E. 1974. The effect of grain size distribution on the condition of
natural and artificial sapling stands of Scots pine. Seloste: Maan laji-
tekoostumuksen vaikutus ménnyn luontaisten ja viljelytaimistojen kun-
toon. Communicationes Instituti Forestalis Fennniae 84(3). 23 s.

Metsédnjalostusséddtio 1993. The Foundation of Forest Tree Breeding.
Vuosijulkaisu.

Metsitilastolliset vuosikirjat 1975-1991. Folia Forestalia 295, 345, 375,
430, 460, 510, 550, 590, 620, 660, 690, 715, 730, 760, 790. ISSN
0015-5543.

Mononen, S. 1987. Mannynsiemenen siirrot Pohjois-Suomessa. Metsan-
tutkimuslaitoksen tiedonantoja 278: 80—91. ISBN 951-40-0832-4.
ISSN 0358-4283.

Mikitalo, K. 1983. Koetuloksia ménnyn viljelyn onnistumisesta eri ta-
voin kisitellylld paksusammaltyypin maalla Lapissa. Julkaisussa: Met-
santutkimuspdivd Rovaniemelld 1983. Metsantutklmuslaltoksen tie-
donantoja 105: 98—110. ISSN 0358-4283.

— 1990. Maankisittely- ja viljelymenetelmén vaikutus ménnyn viljelyn
onnistumiseen Lapissa. Metsintutkimuslaitoksen tiedonantoja 362:
109—120.

—, Sutinen, R., Sutinen, M-L. & Panttdja, M. 1993. Metsdmaan vesipi-
toisuuden luokitus dielektrisyyden ja gammasiteilyn avulla: potenti-
aalinen apuviline metsdnuudistamisen suunnitteluun. Julkaisussa: Ni-
kula, A., Ritari, A. & Lahti, M-L. (toim.). Paikkatiedon ja satelliitti-
kuvainformaation kéytté metséntutkimuksessa. Metséntutkimuslaitok-
sen tiedonantoja 479: 62—78. ISBN 951-40-1329-8. ISSN 0358-4283.

Oikarinen, M. & Norokorpi, Y. 1986. Vuosina 1956-65 viljeltyjen mén-
nyntaimikoiden tila valtion mailla Pohjois-Suomessa. Metséntutkimus-
laitoksen tiedonantoja 222. 46 s.

Persson, A. 1976. Forbandets inverkan pa tallens sdgtimmerkvalitet. Sum-
mary: The influence of spacing on the quality of sown timber from
Scots pine. Skogshdgskolan. Institutionen for skogsproduktion. Rap-
porter och uppsatser. 42. 122 s.

Pohtila, E. 1977. Reforestation of ploughed sites on Finnish Lapland.
Seloste: Aurattujen alueiden viljely Lapissa. Communicationes Insti-
tuti Forestalis Fenniae 91(4). 98 s.

Ruotsalainen, S. 1987. Kuusen alkuperisiirrot korkeilla mailla. Metsén-
tutkimuslaitoksen tiedonantoja 278: 66—79. ISBN 951-40-0832-4.
ISSN 0358-4283.

Sevola, Y. 1988. Puun kiytté Suomessa 1923-1985. Julkaisussa: Sevola,
Y. (toim.). Mets4, yritys, yhteiskunta. Metsidekonomian tutkimusosasto
60 vuotta. Metsantutkimuslaitoksen tiedonantoja 288: 107—126. ISBN
951-40-0822-7. ISSN 0358-4283.

Sirén, G. 1958. Erditd havaintoja keskisuomalaisen ja paikallisen ménty-
rodun biologisista ja teknillisistd ominaisuuksista Perd-Pohjolassa.
Summary: Some observations on the biological and technical proper-
ties of the local and central-finnish pine provenances in North Fin-
land. Silva Fennica 96. 32 s.

14



Sutinen, R. 1992. Glacial deposits, their electrical properties and sur-
veying by image interpretation and ground penetrating radar. Geolo-
gical Survey of Finland. Bulletin 359. 123 p.

— & Hinninen, P. 1991. Radar profiling and dielectric properties of gla-
cial depos1ts in North Finland. Proc. 6th IAEG Congress, Amster-
dam. 2: 1045—1051.

Tigerstedt, PM.A. 1978. Metsénjalostus. Julkaisussa: Metsien kasvun
kohottamisen rajat. Kansallis-Osake-Pankin Taloudellinen katsaus. B-
painos, n:o 27: 14—24.

— & Malmivaara, E. 1970. Metsédnjalostuksen mahdollisuudet. I. Plus-
puiden valintaero ja siemenviljelysten valintahy6ty. Summary: The
possibilities in forest tree breeding. 1. Selection differential of plus
trees and genetic gain in seed orchards. Silva Fennica 4(2): 101—118.

Uusvaara, O. 1985. The quality and value of sawn goods obtained from
plantation-grown Scots pine. Seloste:Viljelyméannikdistd saadun sa-
hatavaran laatu ja arvo. Communicationes Instituti Forestalis Fenniae
130. 53 s. ISBN 951-40-0697-6. ISSN 0358-9609.

Valkonen, S. 1992. Metsien uudistaminen korkeilla alueilla Pohjois-Suo-
messa. Summary: Forest regeneration at high altitutes in Northern Fin-
land. Folia Forestalia. 791. 84 s.

Valtanen, J. 1988. Korkeiden maiden metsien uudistaminen Oulun 134-
nissd. Summary: Stand reforestation at elevated sites in northern Fin-
land. Folia Forestalia 718. 41 s.

Venildinen, M. 1990. Menestyyko Kolarin ja Jimsén méntyjen risteyma
Oulujoen rannoilla. Julkaisussa: Valtanen, J., Murtovaara, 1. & Moi-
lanen, M. (toim.) Metsadntutkimuspdivit Oulussa 1989. Metsantutki-
muslaitoksen tiedonantoja 361: I'—14.

—, Annala, M-L., Kosonen, E., Rantanen, H. & Tynkkynen, H. 1994.
Plusmiéntyjen testaustulosrekisteri ja jalostushyoty. Metsantutkimus-
laitoksen tiedonantoja 497. 89 s. ISBN 951-40-1361-1. ISSN 0358-
4283.

Vuokila, Y. & Viliaho, H. 1980. Viljeltyjen havumetsiksiden kasvatus-
mallit. Summary: Growth and yield models for conifer cultures in Fin-
land. Communicationes Instituti Forestalis Fenniae 99(2). 271 s.

Zotimov, N.V. 1971. Use of the gamma field of the earth to determine the
water content of soils. Soviet Hydrology: Selected Papers nb. 4. s.
313—320.

15



Sergei S. Zyabchenko

Methods of Regenerating Pine Forests in Russian
Karelia

C. C. 3904eHKO

I'Iy'm BO300HOBJIECHHS COCHOBBIX JIECOB Kapemm

Abstract

Pine forest dominates the territories of Karelia and the Kola Peninsula.
The regeneration processes under the forest canopy as well as on clearcut
areas are analyzed. Peculiarities of seedling formation are studied and
the optimal combination of forest regeneration methods is suggested.

Pedepar

CocHoBble leca npeo6inagaioT B npeaeinax Kapenuun u Koabckoro
N0y OCTpOBa. AHAJIM3UPYIOTCS BO30GHOBHTEIIbHBIE IIPOLIECCHI IO, I10-
JIOTOM M Ha BBIpyOKaXx 3THX JiecoB. PaccMaTpuBaloOTCs 0COGEHHOCTH
IIPOM3BO/ICTBA JIECHBIX KYJIbTYP H IIpe/ijiaraeTcs oTHMalbHOE COOT-
HOIIIEHHE CII0CO00B JIECOBOCCTAHOBIIEHHUS.

Introduction

The forests of Karelia and the Kola Peninsula form the Karelian area of
pine forests that occupy more than 50 % of the forested land. Pine occurs
on most varied biotopes thus forming pure or mixed stands. The choice
of optimal methods for pine forest regenerating after cutting is of prima-
ry importance in the regional system of management.
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Results and Discussion

Pine forests are represented mainly by natural stands; with- old forests
occuping more than 1/3 of the total area. The presence of young trees
(understorey) beneath the canopy of mature taiga forests is their innate
biological feature that determines their long life (Table 1).

Table 1. Regeneration under the canopy of mature and overmoture stands
in Karelia, hectares and percentages.

Domi- Total area Stands Stands with coniferous
nant  of surveyed without understorey
species  stands,ha understorey pine spruce total
Pine 929.5 152.3 303.2 414.0 777.2
100 16.4 46.7 53.3 100
Spruce 672.6 48.6 6.2 617.8 624.0
100 7.2 1.0 99.0 100
Birch 161,4 30.9 3.5 127.0 130.5
100 19.1 2.7 97.3 100
Total 1763.5 231.8 372.9 1158.8 1531.7
100 13.1 243 75.7 100

The understorey density, its natural composition and health are great-
ly affected by natural geographic conditions and their parent stand quali-
ty. Spruce regenerates actively under pine stand canopy and dominates
here on the half of the area. The most active process takes place in the
south of the region. Average coniferous forest stock fluctuates between 1
thousand trees (Vaccinium and Myrtillus type forests) and 15 thousand
trees in Cladonia-pine stands. 20—30-year old trees prevail, individual
species grow to the age of approximately 80 years.

Spruce undergrowth prevailing under pine stand canopies might have
led to their change in the process of endogenic development but this does
not take place due to such ecological factor as forest fire.

Long-term pine dominance on the territory of Karelia, the Kola Pe-
ninsula and Finland is convincingly supported by the data on pollen-
spore complexes of the Pleistocene and Holocene periods (Enuna 1980).
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In the established practices of Russian silviculture attention is paid to
the forming of future forest on the base of young generation retained
during the cutting process.

There exist worked-out systems and forest technology requirements
on conserving coniferous young trees while timber harvesting. But this
practice was not justified, although, it had a certain silvicultural effect.
Real figures of the volume and quality of work were far from those given
in the reports. Our studies undertaken in 102 clear-cut areas with a total
area 3948 ha where young trees were left have shown that only 1/3 of the
area has regenerated successfully as a result of this practice.

In clearcut regeneration, a noticeable role is played by after-cutting
natural seeding of coniferous as well as deciduous species. The natural
regeneration of open areas in the region (clearcuts, burned areas, excava-
tion) is effective (Table 2). In 10 years after cutting in the northern Kare--
lian taiga 79 %, and in the midtaiga 86 % of all areas respectively are
successfully regenerated. But the share of areas regenerated with conife-
rous species during 3 years after cutting is far lower at 19 %. Such coni-
ferous young stands are usually represented by young growth left after
cutting.

Table 2. The percentage of succesfully regenerated clearcut areas in
Karelia. a = all tree species included. b = coniferous tree only.

Age of a North taiga Mid-taiga Total Amount of
clearcut total consisting
area, years a b a b a b  of understorey
3 24 21 10 - 17 19 7
6 - 31 49 20 46 25 9
10 79 59 86 42 81 45 12
15 87 72 100 50 91 61 10

In the course of time, the number of areas covered with young conife-
rous stands grow due to regeneration that follows and in 10 years after
cutting such areas account for 45%.

Natural regeneration of tree species is paid more and more attention
to in the countries of Central Europe and Scandinavia. Thus, in northern
Finland successful natural regeneration takes place on 25 % of clearcut
areas (Lehto 1970), in Sweden, 40—45 % of forested areas are regenera-
ted naturarally (Bérring 1974). The share of natural regeneration in Eu-
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ropean countries makes up 10—25 % of forest areas being created (Wolf-
gang 1978). The reason is that natural forests are stable, their gene pool
and biodiversity being preserved. Also the natural way of forest regene-
ration is considerably less expensive. Although, in inaccessable sites dif-
ficult for soil preparation (steep slope gradient, rocky soils) such a way is
thought to be useless.

We also accept man-made means of taiga forest regeneration. The
analyses of forest inventory data, survey of clearcuts made during reacent
years and experiments conducted over a long period, suggest that the
following methods of pine regeneration should be used in Karelia (Tab-
le 3).

Table 3. Percentage of forest regeneration methods on felled areas.

Forest regeneration Pine Spruce Deciduous Total

methods forest forest forest
| Artificial regeneration 27.5 20.8 27.5 26.1
Natural regeneration
— Regen. from understorey  22.5 36.2 55.1 26.8
— Regen. from seed 50.4 43.0 17.3 47.1

On 27 % of the area of pine forest, regeneration is succesfully achei-
ved using artificial methods, though this figure varies depending on fo-
rest vegetation. Eutrophic biotypes seem the best for artificial regenera-
tion.

Peculiarities of artificial stand regeneration in different forest types:

In Cladonia- and Calluna-pine stands. Young stands are formed by see-
ding or planting. Crop density is 4—4.5 thousand trees, or seedling spots.
The distance between seed strips, or spots, is 2—2.5 m, in a strip 1—
1.2 m. 15—20 seeds are broadcast in each spot, the total number of seeds
is 0.5 kg/ha. The seedings are tended until they are higher than the level
of snow cover (some 0.6 m).

In Vaccinium-pine stands. Seedlings stands are formed by seeding and
planting 3500—4000 trees, or seedling spots. The number of seeds re-
quired is 0.5 kg/ha. The distance between strips or furrows is 2.2—3.0 in
a strip 1.2—1.4 m. Tending is required during a 5-year period.

In Myrtillus-pine stands. Young stands are formed by seeding and plan-
ting. Stand density is 3.0—3.5 thousand trees, or seedling spots. The
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number of seeds required is 0.5 kg/ha. The distance between strips is
3.0—3.5 m, in a strip 1.0—1.2 m. Species include: pine, spruce, larch,
cembra, Karelian birch.
The soil is treated with herbicides (Dalapone, THA) while planting.
In long-moss, herb rich and related types of forest. Furrow ploughs are
used in combination with forest peatland drainage. The distance between
furrows is 5.0—6.0 m, seedling stock is 3.0—3.5 thousand trees. Only
planting is used. Tending is done during the first 5 years.

Real forest regeneration volume is a topic of interest today. Its lowe-
ring has been caused by decreasing the volume of clearcutting as well as
by reorganizing the forest managment system in the republic.

Figure 1. The growth of
the spruce is during
the first 10 to 20 years
very slow. Here there
are natural seedlings
of spruce and pine.
Both are 6 years old.
The heights are 15 and
85 cm. Photo Jukka
Valtanen.
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Conclusion

To conclude, we would like to share our thoughts about the discussion of
the pros and cons of natural and artificial ways of forest regeneration
taking place in Russian as well as foreign publications. In our opinion,
none of them should be neglected.
The choice of way or method of forest regeneration should depend on:
— specific biological conditions;
— natural-geographic conditions and within the limits of natural zo-
nes, or local biotype peculiarities of forest vegetation;
— functional role of forest (commercial, recreational, environmental,
etc.);
— economic and technological factors.

Reasonable combination of forest regeneration methods with applying
ecologically sound technologies is to ensure conservation of gene pool
and biodiversity in boreal forests.
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Soil Conditions in Clearcut Areas of Karelia

H. I'. ®enopen

IIouBeHHbIe ycioBuS BbIpy6Gok Kapenun

Abstract

The paper contains characteristics of the most widespread soils in the
clearcuts of north- and mid-taiga subzones in Karelia with respect to
their regenerating with woody plants.

Pedepart

B cTaThe 1aHa XapakTepHUCTHKa Han6oJiee pacipocTPpaHEeHHBIX I10YB
Ha BHIpyG6KaX CeBepo- U CpelHeTaeXHo# Moi30H Kapeluu B CBsI3H ¢
BO30GHOBIIEHHEM Ha HUX JIPEBECHON PaCTHTENbHOCTH.

Introduction

Studies were undertaken in clearcut-areas of both north-taiga (Loukhi,
Kalevala regions) and mid-taiga (Pryazha, Kondopoga regions) subzo-
nes in Karelia. The clearcut areas investigated dominate the forest resource
in Karelia. Types of clearcuts are given according to the classification by
B.C. BoponoBa (1962) specified and completed by H.U. Ponkonen
(1975).

Material and Methods

Soil cover was studied by cutting soil sections to the profile depth in
clearcut areas of different types. Morphological description of the profile
was made and soil samples were taken from each genetic horizon.
Mechanical composition and chemical properties of soils were analyzed
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(Arpodpusnyeckre MeToabl... 1966, ArpoOXHMHYECKHE METOMIBI...
1975).

Results and Discussion
Each soil type is characterized by its own number of soils (Table 1, 2).

North-Taiga Subzone
In lichen and lichen-heath (being an analogue of the former but affected
by fire) clearcut areas the soils are sandy surface podzolic and sandy
iron-illuvial podzol, dry, poor in nutrition elements. Woody vegetation
may suffer from lack of moisture here. Parent soils are sand deposites.
In Calluna vulgaris—Polytrichum commune burned over clearcuts
the soils are found to be iron-illuvial podzol. There might occur also
surface-podzolic soils. The soil is covered with a compact aggregated
crust regenerating very slowly, mainly with Calluna vulgaris. Podzolic
soil horizon contains coals. Destroyed by fire litter aggregates water re-
gime, soil moisture being sharply lowered. The soil gets over-heated,
with the day temperature liable to great fluctuations. The large quantity
of calcium and potassium formed while destroying forest litter by fire is
easily washed-out. Burning out litter results in soil impoverishment in
humus, phosphorus and nitrogen.

Table 1. Soil types in Clearcut Areas. North-taiga.

Forest type Type of clearcut area  Surface Soils
before cutting (dominant vegetation)  podzolic Podzol
soil iron- humus- iron- humus- gleyic-
illuvial iron- humus- illuvial humus-

(ferric) illuvial illuvial iron
Pinetum cladinosum Cladonia rangiferjna ++ +
P. empetroso - Empetrum nigrum ++ +
calluniosum Calluna vulgaris
P. empetroso - Calluna vulgaris + ++
vacciniosum Polytrichum commune
P. empetroso - Empetrum nigrum
vacciniosum Vaccinium vitis-idea
(myrtillosum) Vaccinium myrtillus + + ++ -
Pleurozium Schreberi
Hilocomium Speendens
Dicranun rugosum
P. empetroso - Deschampsia flexuosa
myrtillosum
Piceetum empetroso- Vaccinium myrtillus ++ + + +
myrtillosum
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Table 2. Soil types in clearcut areas. Mid-taiga subzone.

Forest type before Type of Soils
cutting clearcutarea  Surface Sod- Podzol
(dominant podzolic podzolic iron- humus- iron- humus- gleyic-
vegetation) illuvial- iron- humus- illuvial humus-
(ferric) illuvial illuvial iron
Pinetum Calluna vulgaris  + +
cladinosum Polytrichum
commune
Pineceetum Calamagrostis + ++
(Pinetum) arundinacea
myrtillosum
Piceetum Deschampia
myrtillosum flexuosa ++
Piceetum
myrtillosum
Piceetum Calamagrotis
oxalidosum arundinacea ++ +
Carex digitata
Gumnocarcarpium
dryopteris
Melampyrum
silvaticum
Geranium
silvaticum

In North taiga, dwarf bush—green moss clearcut areas appear to be
the most widespread. In mid-taiga they are found but rare. A range of
soils is rather wide: in drier habitats on the tops of morain hills they are
surface-podzolic, on the slopes — humus-iron-illuvial podzols (humus
content in Bl — 1.5—3.0 %), at the base of such hills — iron-humus-
illuvial (humus content in B1 is 3.0—5.0 %). All soils are stony.

Dwarf bush—Polytrichum commune burned-over clearcuts are con-
sidered to be one of the pyrogenic variants in this category. A number of
soil types are repeated. The parent soil is moraine. _

Deschampsia flexuosa—dwarf shrub clearcut areas represent northern
variant of Deschampsia flexuosa clearcuts in mid-taiga subzone. Sandy-
loam morain is the parent soil here. Groundwater level is often high (60—
70 cm). Soils may differ depending on their relief position. The most
common soils are humus-iron-illuvial. In sites with high groundwater
level one may find humus illuvial podzols with humus content in the
horizon B1 being 5 %, and iron-illuvial gley. Their gleying connected
with groundwater stagnation conditioned by stratiferm structure of pa-
rent soils.
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Mid-Taiga Subzone

The most widespread type of clearcuts is thought to be that of Calamag-
rostis arundinacea. Parent soil is moraine with sandy, sandy loam and
light-loam mechanical -composition. The soils are humus-iron-illuvial
podzols but one may find also iron-illuvial podzols. The soils are formed
under normal moistening conditions. Here they are richer in nutrient ele-
ments than in Calluna vulgaris—Polytrichum commune clearcuts. But it
was noted that Calamagrostis arundinacea cover negatively affects the
process of forest regeneration by forming the dern cover, increasing soil
density and decreasing its total porousness.

Deschampsia flexuosa clearcut areas occur as small patches in shal-
low ridge-hilly landscape. Here, the conditions are more moist than tho-
se of Calamagrostis arundinacea clearcuts. Parent soils are sandy loam
and loam moraine. The soils are represented by humus-iron-illuvial, oc-
casionally — by iron-pans.

In 5—®6-year old clearcuts one can see the process of sod. Deschamp-
sia flexuosa forms dense sod cover thus preventing from forest regenera-
tion.

Calamagrostis arundinacea—herbaceous clearcuts occur mainly in
southern Karelia. They may occupy various relief elements. Parent soil is
morain with different mechanical composition. Soils are mostly secon-
dary sod-podzolic but podzols may be found as well. The formation of
secondary sod soils is associated with dern development in clearcut are-
as rich in herbs. Typical is formation of A1A2 horizon close to humus,
its humus content being 4.5 %.

Mechanical soil composition is considered to be one of the features of
soil fertility (Fig.1). Knowing the mechanical composition one can judge
of the soil moistening conditions. Moistening is especially important for
lichen pine burned-over areas.

Burned-over areas both in north-taiga and mid-taiga subzones are pre-
sent on soils with sandy mechanical composition, that is coarse- and fine-
granulated soils. Fine sand mechanical composition is responsible for
slow rainfall infiltration thus increasing soil moisture content. Presence
of heavier mechanical strata raises moisture content in the above-lying
horizons.

The Figure shows the most typical mechanical composition of soil in
clearcut areas of mid-taiga subzone.

Grassy clearcut areas are formed on soils with sandy loam and loamy
mechanical composition. One may find also a two-layered profile struc-
ture — sandy loam underlain by loam. Their moistening is much higher
than that of sandy soils in lichen Calluna vulgaris clearcut areas.
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Calamagrostis arundinacea—herbaceous clearcuts are formed on san-
dy loam or two-layered soils (sandy loam is underlain by loam) with high
content of silty particles. The content of fine-dispersed fractions charac-
terizing soil water permiability and its richness in nutrients accessible
for plants is higher in grassy and Calamagrostis arundinacea—herba-
ceous clearcuts.

Typology of clearcuts reflects composition and properties of their lit-
ters (Table 3). In north-taiga subzone the depth of litter grows 1.5 (2.0) to
4.0 cm from lichen to Deschampsia flexuosa—dwarf shrub clearcuts with
an increase of habitat moistening. In mid-taiga subzone litters are noted
for their greater depth, 4—7 cm, without regard to burned-over areas
(0.5—2.0 cm). Litters differ for their high acidity (pH equalling 3.1—3.3
in the north and 3.3—4.1 in the south).

An unfavourable ratio exists between alaorbed base and H* (hydro-
gen) cations apart from the soils of Calamagrostis arundinacea clearcut
areas.

Soils in all clearcut areas are characterized by low total content of
nitrogen in litters (0.67—0.80 %) of north-taiga subzone and (0.77—
1.07 %) of mid-taiga subzone. In burned-over areas this index is 2 times
lower. Nitrogen content is a little higher in litters of secondary sod soils.

Wide ratio (49—©61) in north-taiga subzone speaks for weak producti-
on of mineral nutrition elements.

In mid-taiga subzone (23—25), here better conditions for minerali-
zing the organic matter are created.
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Bo B | 5 Qexuosa
] Calamagrostis
BC BC 4 aww\din?zcea,
J J mixto Herbosa
C C 5 — —
Jron- illuvial Humus - Humus - Derno - Perno -
podzot, sand ivon- ivon - podzolic podzolic
itluvial itluviol s0il s0il sand -
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somd - Coamy sand-(oamy on loam

Figure 1. Content of physical clay (<0.01 mmy) in soils of clearcut areas, %.
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The stock of main nutrition elements and organic matter in litters and
50 cm soil layer (Table 4) increases from dry habitats to more humid.
Zonal location of burned-over areas is oi no importance for the stock
volume of nutrient elements in soil.

Table 3. Chemical properties of forest litters in clearcut areas.

Type of clearcut area Depth of pH N, % C,% C:N
(dominant vegefation , soil) litter, cm KCl

North - taiga subzone
1. Calluna vulgaris
Polytrichum commune 0.5(2) 3.1 0.44 329 75
iron-illuvial podzol sand

2. Empetrum nigrum
Vaccinium vitis-idea
Vaccinium myrtillus
Pleurozium schreberi 4.0 33 0.67 40.7 61
Hilocomium splendens
Dicranum rugosum
humus-iron-illuvial
podzol loamy

3. Deschampsia flexuosa
Empetrum nigrum
Vaccinium myrtillus 4.0 32 0.80 39.3 49
humus-iron-illuvial
podzal loamy

Mid- taiga subzone
4. Calluna vulgaris :
Polytrichum comune 2(3) 4.0 0.44 244 55
iron-illuvial podzol sand

5. Calamagrostis arundinacea
humus-iron-illuvial
podzol loamy 4 34 0.77 272 35

6. Deschampsia flexuosa
humus-iron-illuvial

podzol loamy 4(5) 34 1.07 35.2 33
7. Calamagrostis arundinacea

Canex digitata

Gumnocarpium dryopteris

Melampyrum silvaticum 5 4.1 1.60 37.0 23

Geranium silvaticum
sod-podzolic soil loamy
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‘Comparing the stock of organic matter-in litters of Deschampsia fle-
xuosa — dwarf shrub and Deschampsia flexuosa clearcut areas being
analogues in north- and mid-taiga subzones, greater accumulation of or-
ganic remains should be noted in north-taiga subzone. But, litters of De-
schampsia flexuosa clearcut areas in mid-taiga subzone contain larger
amounts of mineral nutrition elements.

Table 4. The stock of soil nutrition elements in clearcut areas.

Type of clearcut area, P,0,, kg/ha K,O, kg/ha C+/ha
Soils litter mineral 0-50 cm litter mineral 0-50 cm litter mineral 0-50 cm
depth depth depth

North-taiga subzone
1. Calluna vulgaris
Polytrichum commune 0.92 678 678.9 12.0 70.0 82.0 132 202 334
iron-illuvial
podzol sand

2. Empetrum nigrum
Vaccinium vitis-idea
Vaccinium myrtillus
Pleurozium schrebezi
Hilocomium splendens 8.4 1085 1093.4 25.6 97.0 1226 ,26.1 258 51.9
Dicranum rugosum
humus-iron-illuvial
podzol loamy

3. Deschampsia flexuosa
Empetrum nigrum 142 849 863.2 289 159 187.9 298 264 56.2
Vaccinium myrtillus
humus-iron-illuvial
podzol loamy .

Mid-taiga subzone
4. Calluna vulgaris
Polytrichum commune 091 685 685.9 82 68 76.2 19.5 11.8 31.3
iron-illuvial
podzol sand

5. Calamagrostis arundinacea
humus-iron-illuvial 2.5 434 436.5 153 193 34.6 9.8 406 50.4
podzol loamy

6. Deschampsia flexuosa
humus-iron-illuvial 72 156 163.2 375 221 2585 23.8 31.0 54.8
podzol loamy

7. Calamagrostis arundinacea
Carex digitata
Gumnocarpium dryopteris
Melampyrum silvaticum 7.7 530 537.7 71.0 329 400.0 29.6 595 88.1
Geranium silvaticum
sod-podzolic soil loamy
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Conclusion

Thus, the study undertaken has shown that in clearcut areas with forest
vegetation conditions favourable for Calluna vulgaris — lichen pine
stands a shortage of moisture and mineral nutrition elements are reported.
To accumulate moisture it is necessary to preserve forest litter and under-
growth and to mineralize soils before planting crops.

In spruce and blueberry — pine clearcut areas the initial stages of sod
are observed. But soil fertility is not realized here, i.e. the rate of natural
regeneration in grassy clearcuts is slowed down due to the impact of -
grass vegetation.

It is necessary to undertake more detailed investigation on how soil
conditions and woody plant regeneration interrelate in clearcut areas.
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Jukka Valtanen

The Natural Regeneration of Pine, Spruce, Silver Birch
and Pubescent Birch

IOkka BaiaTraneHn

EcTrecTBeHHOE BO300HOBJIEHHE COCHBI, €JIH, IOBHCJIOH H
NYLIHCTOH Oepé3bl

Abstract

The most common tree species in the forest management area of Fenno-
scandia are pine (Pinus sylvestris), spruce (Picea abies), silver birch (Be-
tula pendula) and pubescent birch (Betula pubescens). Of these pine and
both birch species are fairly easy to regenerate naturally, but the natural
regeneration of spruce is, when the economical aims of forestry are taken
into consideration, on average too slow a method.

The natural regeneration of pine with the seed tree method is already
a 100 years old. The prerequisite for its regeneration is that the surface of
the soil is broken so that 20—30 % of the mineral soil surface is expo-
sed. The more difficult the conditions are, the more mineral soil must be
exposed. The prerequisite for good natural regeneration and the seedling
stand becoming established is the removal of the seed trees 3—5 years
after preparation, in moist places taking care of ditching and fighting
against the taller thicket of sprouts.

Silver birch can be regenerated in the same way as pine with the help
of seed trees. The seed trees need only be 5—10 stems/ha, while for pine
it is recommended to have 50—=80 stems. Soil preparation is generally
necessary. Pubescent birch is usually not regenerated but it becomes re-
generated by itself from a neighbouring forest even 100— 200 metres
away. This also regenerates well in bared mineral soil but also in wet
untouched natural surface.

The natural regeneration of forests has become more common with
developments in soil preparation methods and because of the high hu-
man labour costs which is involved in cultivation. In addition, the culti-
vated seedlings have proved to be on an average more prone to damages
than the naturally born seedlings. In the planted forests of pine it is often
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difficult to solve the problem of quality, but because the natural seedling
stands usually contain plenty of genetically individual seedlings, a good
technical quality is easier to obtain.

When natural regeneration is used the area usually receives a mixed
seedling stand with many species and a high stocking level. With the
nursing of the seedling stand and the choice of individual trees when
thinning we can form a desired forest, a pure coniferous forest, a mixed
forest or a pure deciduous forest and at the same time grow a tree stand
which has a technically flawless quality.

Pedgepar

B necoxossiicTBeHHOH 30He PeHHOCKaHIHHAaBHUH HaHubolee pac-
IpOoCTPaHEHHbIMH IIOPOIAMH SBISAIOTCS cocHa (Pinus sylvestris), enb
(Picea abies), 6epé3a noucnas (Betula pendula) v 6epé3sa nymucras
(Betula pubescens). U3 HuX cocHa 1 06a BU1bl 6epe3bl BO306HOBIISAIOTCSA
NOCTAaTOYHO JIErKO €CTECTBEHHbIM IIYTEM, HO YTO KacaeTcs elld, eé
€CTeCTBEHHOe BO300OHOBJIEHHE SIBISIETCS, KaK I PaBUIIO, CIHIIKOM
MeJlJIEHHbIM METOJIOM C TOYKH 3PEHHs I0NyYeHHsI IKOHOMHYECKHX
pe3yJbTaToB B JIECHOM XO3SHCTBeE.

MeTton ecTecTBEHHOI0 BO30GHOBJIEHHS COCHBI C HCII0/Ib30BaHHEM
MEeTO[la CEMEHHbIX [IepeBbeB IIPUMEHSAETCS yXKe B TeueHHue 6Golee
100 net. [IpeanochLikoi pa3BUTHS BCXO0B SIBJISIETCS PbIXJEHHE I10-
BEPXHOCTH MOYBHl TakK, 4To o6Haxaetrca 20—30. % MUHepalbHOM
1oyBbl. YeM Golnee TAXENLIE YCIOBHS, TeM 6olbllle MUHEPAbHOM
II0YBbI JOJI)KHO ObITh 0GHaXX€HO. Y CIIOBHEM YCIIEIHOI0 06JIECEHUS U
CTaHOBJIEHH IIOIPOCTa SABJIAETCS yHajeHHe CEMEHHBIX IepeBbeB
yepe3 3—35 JIeT Ioclie PbIXJIEHHs, OCYIIEHHE BIaXXKHbIX TPYHTOB H
60pb6a C pa3BUTHEM IO JIECKA.

Bepésa nosucias MoxeT BO30GHOBIATLCS aHAJIOTHYHO COCHE Me-
TOIOM CEMEHHBIX IepeBbeB. Tpe6yeMoe KONHIeCTBO CEMEHHBIX [le-
peBbeB — 5—10 1mT/ra, NpH4Y€éM 1151 COCHBI peKOMeHAyeTcs Ludpa
50—30 nepesbeB. Kak npasuiio, pbixjeHHe TPyHTa SBIseTCSA HEOO-
XOOUMOH IMpeANnochIKoi. bepé€3y mymHucTylo 06bIY4HO He
BO300HOBIISIIOT, @ OHa BO300OHOBIISIETCS caMma Jaxe 10 pacCTOSAHHUSA
100—200 M oT onymeyHoro Jeca. [logpocT pa3BuBaeTcs Xopolo He
TOJIbKO Ha 06HaXK€HHOH MHHEepallbHOH 1104YBe, HO U Ha MOKpOIi Io-
BEPXHOCTH IPyHTa, HaXOAALIEHCS B €CTECTBEHHOM COCTOSIHHH.

EcTtecTBeHHOE BO30GHOBIIEHHE JieCca CTalI0 paclpOCTPaHAThHCA 6Jla-
rogapsi yCOBEpPIIEHCTBOBAaHHIO METONOB PBIXJIEHUS] TPYHTa H H3-3a
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BBICOKO¥ CTOMMOCTH 4€JI0BEU€eCKOro Tpy/ia, He06XO0IHUMOro MPH Jiec-
opa3BeneHHH. KpoMe Toro, KylIbTypHble CaX€HIIbl 0Ka3aJlUCh B CPe[l-
HeM 6oJiee CKIIOHHBIMH K [TOBPEX/IEHHI0O YeM €CTECTBEHHbIE CaXeH-
1bl. B COCHOBBIX MIIaHTaLUAX MPOGJIEMbI C KAYeCTBOM 4acTO TPYIHO
pelaTh, HO 61arofapsi 60NbIIOH I'YCTOTE eCTECTBEHHOIO MOAPOCTa,
TaM Jierdye A06GMBATbCA NYULIHMX Pe3ylbTAaTOB [0 TEXHHYECKOMY
Ka4ecTBY.

IIpu ecTeCTBEHHOM BO30GHOBJIEHHH Jleca 0ObIYHO (DOPMHUpPYeETCS
CMeIIaHHbIM MOAPOCT M3 pa3HbIX MOPOJ C GONbLIIUM KOIHYECTBOM
MOJIOZIBIX JiepeBbeB. Mepbl 110 YXOIy H BHIGOpP OTIENbHBIX IepPEBbEB
IpH py6Kax yXola JaioT B pe3ylbTaTe YHCTO XBOHHBIH, CMEIIaHHBIiH
WM YHCTO JMUCTBEHHBIH JIEC ¥ TO3BOISIOT BbIPAIUBATh 6€3ypeYHbIit
110 CBOMM TE€XHHYECKUM KauecTBaM I pPeBOCTOH.

1. Comparison of Tree Species

Tree species have adjusted themselves to the climate and soil of their
growing area. In both cases the trees allow more or less versatility. Pine
is a typical example of a tree species whose site versatility is wide. It
grows from the poorest gravely soils to groves, and from skeletal soils to
wet open bogs. In forestry, where there is an economical goal, it is worth
limiting the cultivation of both pine and other tree species. However, it is
important that they are not grown there where an other tree species is
economically more profitable.

Pine, spruce, silver birch and pubescent birch fill in the boreal conife-
rous forest belt in the Fennoscandian area, that is e.g. in Karelia and
Finland, all sites economically profitably or at least in an approved way.
”In an approved way” means e.g. that none of these tree species is wholly
able to utilize the great fertility of very fine-textured soil because they
need better ventilation for their roots, including pubescent birch. Excess
wetness is an obstacle for their growth, too. There are tree species in the
world which can grow in compact soil and others which grow in wet soil
but none of them are accustomed to the northern climate. Consequently
we must make do with our own tree species. Only some larch species
may be a necessary supplement to our species. It is beneficial for forestry
that there are only a few tree species.
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Groves Grovelike Fresh Dryish  Dry Rather
heathland mineral soil heathl. heathl. poor heathl.

OMT MT VT CT CIT
100 % Fertility Axis 0%
Pine = eeeeeeeeeeeaa -
Spruce - = iraeees
Silver birch - - R
Pubescent b.--eeeeeeeeeeerrmmnieeeennnineeeennnnn.

Figure 1. The acceptability of the main economical tree species in fo-
restry sites with different fertility. ------ = suitable for main tree spe-
cies - - - - = suitable for admixed tree species - = suitable for
subsidiary tree species if there are not any others.

As the roots of different tree species have a different ability to obtain
oxygen from the soil, which their root cells need. With this in mind it is
important that we know, for the choice of the tree species to be regenera-
ted, the ventilation of the soil as well-as fertility. When draining is in
order, the texture of the soil, its compactness and the portion of its fine
components are crucial for how well the roots obtain oxygen. A general
method for defining the compactness and ventilation of soil is to measu-
re the fine components, that is, the amount of soil which is less than six
hundredths of millimetres. According to modern knowledge, it seems
that soil is suitable for pine if the amount of the fine components is not
more than 30 %. For silver birch the figure is 40 and for spruce 60 %. If
there are more fine components, pubescent birch is the only possibility,
possibly also contorta pine and in the very south oak. In the most fine-
textured soils not even pubescent birch grows well. In natural conditions
tree species succeed satisfactorily in still slightly more fine-textured soils,
but when regenerating by cultivation the above mentioned figures should
be followed for the present, untill we obtain further knowledge. In the
south the percentages are probably slightly higher than in the north, whe-
re the significance of ventilation for root function increases.

Mineral soil is for all tree species the most favourable base on which
to regenerate rather than an unprepared surface. In several measurings
(excluding the poorest pine heaths) regeneration has been found to be
5—100 times more abundant in bared mineral soil than in the adjacent
natural surface. Silver birch and pine benefit from preparation more than
spruce and pubescent birch. Mineral soil must be exposed the more, the
more difficult the conditions for regeneration are. Regeneration without
preparation is in commercial forestry not viable for any tree species.
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2. The Adaptability of Pine

The pine family is genetically old plant. Its genotype is in many respects
narrow, since flexibility has worn off. The seed must not be moved in the
north south direction for hundreds of kilometres, as a park tree pine does
not endure cutting the branches and shoots, it does not have many branch
forms and hardly any other variation in its outlook and it does not rege-
nerate vegetatively e.g. from branches which have bent to the ground.
However, it has remained versitile to site conditions, and this is a valuab-
le factor in forestry terms.

The silvicultural definition of productive and non-productive forest
soil is based on whether the tree stand can develop to a fairly fully stocked
saw-timber stand. If we did not have pine, the poorest soils, or Cladina
and Calluna site types and also the poorest side of the Vaccinium site
type would be forest lands of low productivity (compare picture 1).
Sprucé, silver birch and pubescent birch cannot grow to saw-timber there.

Pine is climatically well adapted from the level of the Gulf of Finland
to the level of 950 unit temperature sum (d.d. treshold value 5 °C) in the
north, or in Finland from the northern side of Tornio to the south-east to
the line which runs to the northern part of Kuhmo. Probably the line
turns there to the east. There are pine forests even on the northern side of
this line all the way up to the tree limit, but in any case, there are more
restrictions in the regeneration of pine the more north we proceed. Inflo-
rescence is inconsistant and the ripening of the seeds uncertain. Even a
plentiful seed crop may be useless because the germination is low. The
poor quality of the soil and the repeated forest fires have favoured pine in
the north compared to spruce, which is more climatically durable.

Pine grows best to the south of Finland and Karelia, on the same level
with the Baltic countries. This does not, however, diminish the signifi-
cance of pine in our forestry. Namely, pine produces the best stem form
and the best technical quality where there is the area of winter frost. The
cold soil slows the mobilization of nitrogen. Already at the level of the
Gulf of Finland, in St. Petersburgh and southwards from it there is too
much nitrogen in the soil for pine. The stem grows thick branches and it
becomes easily crooked and forked. When cultivating a pine stand we
must be careful since the regeneration and nursing of the young growth,
if we want to grow good saw timber in those conditions. Great denseness
in the phase of the young growth is a basic factor. Already in part of
Aunus the problem of quality must be taken into consideration.
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3. The Technics of the Natural Regeneration of Pine

It is good if the stand to be naturally regenerated has been treated by
thinning and preparatory cutting. So the trees which will be left as seed
trees, must have strong crowns and stems which are of good quality,
have already grown accustomed to wind, strengthened their root systems
and such that their seed production will not'become disturbed after re-
lease cutting. For the present there are few cultivated forests which meet
these requirements.

Regeneration felling in an uncultivated forests means a shock for the
trees. It takes them some years before they learn again to flower and
produce seeds. After that the seed crop is more abundant than the aver-
age, also in otherwise poor seed years. At first they produce only three
seed crops on the regenerated area:

- seeds fall off in the spring after the winter felling, from the two
years old cones, which are already in the trees

- seeds fall off one year later from those cones which were one year
old little cones during felling

- seeds fall off again one year later from those cones which were
born from the female flower buds which were ready during the
felling and flowered in the spring after felling and developed du-
ring two years into cones

It is usually necessary to clear the regeneration area, that is, to remove
the trees of poor value which have been left in the felling. Clearing can
be done after mechanical soil preparation, when there is less work, since
the machine fells some of the weed trees. It is tempting to leave in the
regeneration area e.g. some beautiful birches 4—6 metres high but they
give a lot of trouble later. Also the taller pines, from half a metre up-
wards, grow broad branches and become in technical quality useless trees.
Only those pine seedling groups which are at least 1—2 acres large or the
single, less than half a metre high pine seedlings, are left to develop.
Spruces are not spared.

As a result of the clearing of the deciduous trees there rise from the
birch stumps, compared to the pine, tall groups of shoots, which must be
cleaned before they hinder the growth of the pine seedlings. The right
point of time is about 5—S8 years after preparation. We cannot help this
extra work which the clearing causes. We must accept this duty if we
want to get a good final result.

Soil preparation in such a way that at least 20—25 % of the mineral
soil is exposed, is the prerequisition for the natural regeneration of pine.
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If the seed trees are weak, the climate cold or the conditions otherwise
bad, the prerequisitions for natural regeneration can be improved by more
soil preparation. It is best that the soil is prepared in early May after
cutting just before the seeds fall off. The preparation track remains such
that it can become stocked with seedlings for 2—3 years, so all seed
crops can be made use of. Then the preparation track starts growing moss
and the seed crops diminish or stop for some years. Autumn is also a
suitable time for soil preparation. However, at this time we loose one
year’s seed crop if the cutting happened during the previous winter peri-
od. »

Measurements have shown that mineral soil becomes stocked with
seedlings 10—40 times more efficiently than unprepared surface. If the
seed trees are weak, the climate is cold or the conditions are otherwise
bad, extensive soil preparation can improve the prerequisitions for natu-
ral regeration.

When natural regeneration has been secured with rightly timed soil
preparation, the next task is to secure that the seedlings become establis-
hed and that the regeneration area becomes an established forest. There
are three prerequisitions for the success of this:

- The regeneration area must not be wet. Wetness does not hinder regene-
ration but it hinders the seedlings survival and development.

Figure 2. Seedlings regenerate almost exclusively in the soil preparation
tracks. In the right hand side edge the preparation track is broken.
12 years have passed from the preparation. Photo Pentti Savilampi.
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- The seed trees must be removed as soon as the regeneration has hap-
pened, in any case in five years from the regeneration felling at the
latest. Otherwise there appears at the base of every seed tree a 1—3
acre gap in the seedling stand. The best seedling stands have been
obtained where after the first spring’s seed crop the mother tree stand
has been removed in the same summer or the next winter. Letting the
seed trees to stand for e.g. ten years destroys well started natural rege-
neration. '

- A tall thicket of sprouts must be destroyed. In moist lands clearing
work is needed as early as after five years. A thicket of sprouts does
not hinter the pine from regenerating in the early phase, but later it
suffocates too great a portion of them because it grows fast. In dry
lands we can manage entirely without clearing the deciduous tree stand.

The number of the seed trees vary over a wide range. If there are only
20 pines in the forest which are good enough to be seed trees, they are
left. If there are more pines, we leave 50—80 trees. The seed crop is most
abundant with the denseness of about 150 trees, but in experiments the
regeneration has hardly improved when the number of the seed trees has
grown upwards from 40. Therefore it can be considerad that 150 trees/
hectare is the maximum denseness. Although, a preparation machine can-
not work properly in so dense a forest. Already 80 trees hinder the prepa-
ration. As the removal of the seed trees is often delayed in practice, there
is a good reason to favor spacious stands in seed-tree position, then the
seedling stand can develop satisfactorily in spite of the delay.

Itis wisest to leave the seed trees in rows or possibly also in groups on
thoughts of felling. Then there will not be so many harvesting injuries as
when scattered trees are collected.

4. Limitations and Risks in the Regeneration of Pine

The wind sometimes fells part of the seed trees, this being a risk we must
accept. In wet lands tree roots are near the surface and there we get many
windfalls. Natural regeneration of pine with the seed tree method is not
the method of adopted on wet lands. The root systems of the trees
strengthen on dryish and dry lands becoming windfirm in 4—S5 years, but
then they must be felled, so there is no benefit of the strengthening.
The natural regeneration of dry lichen heaths has proved to be very
slow when the seed tree method is used. Probably the sharp night—day
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variation of temperatures in the early summer damages the meristem.
Although there is generally an abundance of small ten centimetres high
seedlings, it can take 30 years before the seedling stand is 70 cm high,
after which its growth improves to normal or to the slow growth of a
poor heath. In a lichen heath, a preparatory cutting of about 300 trees
must be made, under which the seedlings are allowed to develop for 5—
10 years. At the same time the upper storey grows. The tree stand is
removed in 3—4 phases by diminishing the number of stems by felling
e.g. in a series 300—200—100—0 or 300—200—100—50—-0. The last
felling occurs when the seedling stand is 60—80 cm high. So, in poor
sandy soil the rule of moraines and more fertile sandy soils does not hold
good, that the mother trees must not be let standing for more than five
years above the small seedlings. In sandy soil there do not appear same
kind of openings in the seedling stand as in a moraine formation.

Pine is usually not regenerated on fertile land. If, however, we want
to e.g. because of the annosus root rot of spruce, to get there pine natural-
ly, the preparation must be more efficient than usual and we must make
raised places. Forest harrowing which makes only furrows is not enough.
In addition to this, we must be prepared for fighting the ground cover for
3—4 years. Moist fertile soil is a good germination bed for a pine seed
and a good substrate for a seedling. -

5. The Failure of Pine Regeneration

Sometimes not enough seedlings are born either because operations have
been inadequate (clearing not done, ineffective soil preparation, lack of
draining) or because of an unexplained reason. If the result is deficient or
poor after five years, a new regeneration decision is made:
- new soil preparation is done for natural regeneration, the unwanted
wood is removed and the thicket of sprouts is cleared, or
- the seed trees are cut off and the area is prepared and cultivated, or
- the seed tree stand is felled and we content ourselves with the scar-
se pine material (perhaps 800—1500 pine seedlings/ha) which has
been born on the area. With the help of a birch coppice we grow a
mixed forest where birch dominates, which is gradually changed
with the help of seedling management and thinning so that pine
dominates there.
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6. Natural or Artificial Regeneration (Pine)

Natural forests have often developed such that the natural regeneration
of pine is difficult to carry out. Sometimes spruce has colonized the area
totally and the pines have been felled. If pine is the most favourable tree
species for the site (e.g. Vaccinium site type), it must be acquired by
cultivation.

If the site is suitable for pine and there is enough pine in the forest for
a seed tree stand (at least 20—30 pieces/ha), the natural method is cho-
sen as the regeneration method. Its benefits are, compared to cultivation,
higher reliability, cheaper total expenses and a new forest with technical-
ly better quality. As soon as the forests are joined to organized forestry,
the area of forests which will be regenerated naturally for pine will inc-
rease.

The further north we go, e.g. north from Kostomuksha, the poorer are
the conditions for the natural regeneration of pine. The same statement is
true also for cultivation. As in the north the interest of the invested mo-
ney remains small, natural regeneration is therefore more desireable than
in the south because it is cheaper.

In cultivation the gain of time is about five years. One need not place
a great significance for that because in cultivation, in addition to the ex-
penses, the risk of failing is bigger than in natural regeneration even when
both are carried out according to the instructions.

7. The Responsibility of the Accomplisher

Natural regeneration is a disciplined method, where the responsibility
stretches from the decision of felling to the seedling stand. The person
who is responsible for the work must be able to take care of soil prepa-
ration sufficiently well, the removal of the seed tree stand at the right
time and the clearing of the seedling stand when need be. Also fighting
the heys and grasses during the 2—4 first years is necessary on fertile
lands. One must take care of sufficient draining (ditching) of the soil in
low lying places.

8. Spruce

Spruce is a tree species of cool and moist climate. It does not have a
corresponding adaptation difficulty beyond the 950 d.d. like the pine
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has. In Finland’s conditions spruce grows better than pine from 300 met-
res upwards, that is on the hills of Kainuu and Koillismaa, because of the
hygricity of the climate, spruce becomes there the absolute dominating
tree species, if the soil is not too coarse.

The sites for spruce are good, fertile soils, the better half of the myrtil-
lus site type and the mineral soils which are more fertile than that. Spruce
is also able to conquer groves, which it changes during a couple of spru-
ce generations into a grovelike heath when the mull is used up under the
spruce stand from the surface of the mineral soil. Spruce spreads also to
the heaths of the Vaccinium site type, where it is not economic compared
to pine.

The change of the pine and birch stands of moist lands into spruce
stands is a normal process of the nature, which is accepted and made use
of in organized forestry. Instead, the natural regeneration of spruce into a
new spruce stand is a problem. It is in most cases too slow a process.
Pine and birch may be given a five year’s regeneration timetable, but
spruce does not submit to timetables.

Figure 3. The regeneration
area has been prepared
with a forest plough six
years before the photo
was taken. Pine has been
planted five years ago.
Planting density was
2 000 pines/ha. 1 350 of
the pines are alive. In ad-
dition, 2 200 pines and
37 500 birches have been
born naturally. The majo-
rity is pubescent birch.
The forest owner has se-
veral methods to grow his
forest from which to choo-
se. Photo Aarne Lehto-
saari.
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The regeneration of an old spruce stand into a new spruce stand has
been attempted with the shelterwood method, where about 300 (in the
north 200) best trees are left as seed trees and to shelter the seedlings in
their sensitive initial phase. Most of-the trees should be pines and bir-
ches. Mechanical preparation is not possible in so dense a forest. After
an adequate restocking with natural regeneration the overstorey is remo-
ved in 2—3 phases leaving the pines and birches to last. The problem is,
that regeneration is often slow; it can take 20—40 years, during which
the fertile land is under-productive. The second problem is felling: most
of the seedlings are damaged under the spruce branches. Before felling
the seedlings can be found to be adequate and even abundant, but after
felling the seedling stand rises understocked and with gaps. We try to fill
the gaps by planting birches in the phase when the understocked spruces
are 1—1.5 m high, although at this stage elk can still destroy the birches.

Figure 4. This regeneration
area has been forest
ploughed seven years ago.
Pine seedlings were planted
2 000 pieces/ha. There were
alive six years later, when the
photo was taken, 1 825 pi-
nes. There were 1 400 natu-
ral pine seedlings and 18 800
birch seeldings. We can grow
a pure pine stand, a mixed
forest or a pure birch stand
Photo Aarne Lehtosaari.




As the amount of the thinned spruce forests increases, we get spruce
stands which have become adequately restocked during the regeneration
period without a special shelterwood phase. There remains still the prob-
lem caused by the seedlings being distroyed under the logging waste.

Another method of regenerating spruce which has been in use for hun-
dreds of years is strip felling system. 30—40 metres wide strips are fel-
led into an old spruce stand, which become restocked by natural regene-
ration little by little. Soil preparation accelerates restocking. Spruce seed
spreads adequately 20—30 metres from a border stand and in spring with
high winds when the snow cover has an icy surface, even hundreds of
metres. We must, however, not count on this long-distance spreading.

The strip felling system is still serviceable. We must only alter its aim.
It is in fact a method for regenerating birch and only secondarily the
regeneration of spruce. There rises a birch stand on the strip and under it
slowly a spruce stand. The method is in the point of view of forestry,
ecologically sound and recommendable. Since we know that birch has a
market, it is also economically right especially in the north and otherwise
extensive conditions where strip felling system is recommended.

In intensive forestry the natural regeneration of spruce has hardly had
any recognition. The growth capacity of a fertile land is not risked for
many years. The spruce stand is felled, the soil is mounded and the spru-
ce seedlings are planted in the mounds. Birch comes naturally as an addi-
tional tree. The new spruce stand will be raised mixed with birch.

9, Silver Birch

Silver birch does not advance as a competent species as far north as spru-
ce and pine. In Finland it succeeds still 100—150 km north from Rova-
niemi. It is probably not worth keeping pure silver birch forests as an aim
of forestry north from Rovaniemi. Further north it must be in a mixture
among pine and spruce.

Silver birch is nowadays the Finnish forest grower’s favourite tree It
suits to fertile mineral soils, where draining is in order. Silver birch grows
fast when planted and its rotation is 35—50 years. Only the elk is a threat
for it. The cultivation sites must be chosen so that there are no elks, in
other words near houses and roads with traffic, Natural regeneration and
sowing are most secure if we think about the elk, but otherwise the know-
ledge of these methods is for the time being inadequate. In Finland we do
not have yet enough research on the regeneration of birch.
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The natural regeneration of silver birch happens in the same way with
the seed tree method as with pine. Seed trees are left only 5—10 stems/
ha. The soil is prepared in the early July just before the seeds fall off. The
risk, however, is great because the sites of birch are fertile and if there is
a poor seed year or the regeneration does not take place because of dry-
ness in the first year, the small seedlings will not survive among the vigo-
rous ground cover from the second year onwards. In the experiments of
birch regeneration planting has, on the average, proved to be a better
method than natural regeneration. The planted area can already be good
young forest while the natural area is still an uneven seedling stand with
gaps. Although, there are also well succeeded areas of natural birch rege-
neration.

Controlled burning of stands in seed-tree position has been tried, also.
There must not be a lot of logging waste, so that the trees will not die.
Controlled burning must be done as early in the spring as possible before
the rising surface vegetation prevents it. When regenerating birch the
controlled burning of the stand in seed-tree position is probably servece-
able. It is of no use trying it with pine.

It is easy to collect birch seeds. A seed tree is cut in middle July before
the seeds fall off. It is easy to sow the area which is planned for affores-
tation, or a seed-tree area of natural regeneration, prepared and possibly
burned, as broadcast sowing. A hectare requires a bucketfull of seed mass
which has been stripped from birches. There are a million seeds there.
Leaving the seed trees was in this case unnecessary.

10. Pubescent Birch

Pubescent birch is a widespread tree species. Near the tree limit its porti-
on in coniferous forests increases. It advances along the arctic mountain
valleys as fat as the Arctic Ocean. Already from the south of the level
Oulu—Kajaani up to the north its technical quality and form becomes
worse. Straight pubescent birch of good form is found only on the best
lands. In the birch stands on peatlands in the coastal area far down to the
south from Oulu a crooked stem is the normal form. In northern Lapland
the stem form becomes so crooked and the whole tree bushlike that the
name mountain birch is used for the pubescent birch. Climatically pu-
bescent birch is the most durable of our trees.

Pubescent birch must be classified for now beside pine, spruce and
silver birch a subsidiary tree species which is accepted as a forest tree
only where there is the lack of a better tree. However, it has an important
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and irreplaceable task in fairly well drained marshes where it grows as a
pioneer tree species fairly well to the measures of pulp wood and prepa-
res the soil so that it is suitable for spruce. Spruce regenerates under the
birch stand before the latter becomes over-aged. A mixture of birch is
favourable also for the pines on marsh land.

Also in fine-textured mineral soils, where the ventilation of soil is too
poor for the other trees, pubescent birch thrives moderately. Among ot-
her things, it is planted on compact silty fields which are going to be
afforested. A suitable solution for them, is a mixed forest of spruce and
pubescent birch — spruce and pubescent birch in alternative rows —
where the task of the birch is to act specially as a pioneer tree. When the
‘birches are in due time thinned, the tunnels of the dead roots are necessa-
ry roads for the spruce roots for obtaining oxygen. Without a mixture of
pubescent birch the growth of the spruces may stop as early as at the
phase of young pulp wood. A stop in growth after the birch has been
removed has also been observered in naturally born spruce stands.

Pubescent birch is, compared to other tree species, an aggressive re-
generator. It regenerates usually anywhere where there is enough moistu-
re and exactly there where pine, spruce and silver birch do not come.
Baring the mineral soil is beneficial also for the natural regeneration of
pubescent birch if the regeneration is not certain. A great amount of grass
and herbs is not a same kind of obstacle for the seedlings of pubescent
birch as for the seedlings of other tree species. To an open space its see-
dlings come from a border forest hundreds of metres away.

The natural regeneration of pubescent birch does not always come
true in the expexted way. Among other things, when fields have been
afforested, it has been found that although a field is prepared and there
are plenty of pubescent birches beside the field, a young birch stand will
not necessarily become established.

11. Research Results

Since the beginning of its activity in 1969, The Muhos Research Station
has carried out several research projects on natural regeneration. There
have been established sample plots where the effect of the amount of
seed trees, the methods of soil preparation and the leaving of the seed
trees on the regeneration result. In addition, there have been made areal
inventories in different parts of the working area. In the following are
presented the results of five inventories.
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11.1 The Prepared Seed Tree Areas in Central Ostrobothnia

In 1984 there were inspected 118 seed tree areas which had been prepa-
red with disc trenching in 1978—82, that is, 2—6 years had passed from
preparation. Then there were defined 27 factors which have an effect on
regeneration and the resulting regeneration was measured. The tempera-
ture sum was 986—1060 d.d. The same areas were examined again eight
years later in 1992. Then we found out the results of the final reforesta-
tion of the regeneration areas and the factors which influence it. The
regeneration of the seedlings and the trees was on an average exellent.
The fail in a forestation in some areas was due to man: soil preparation
was poor, draining had not been taken care of, the seed trees had been
allowed to stand for more than five years and the moist places which had
become overgrown with coppice growth (birch) which had not been
cleared.

The number of seedlings per hectare was the following

2—6 years 10—14 years
Pine 5600 5900
Spruce 850 590
Silver birch 480 510
Pubescent birch 5600 6 900
Aspen 690
Other deciduous tree . 2100
All 12 500 16 800

In the first inventory 58 % of the pines, 55 % of the spruces, 70 % of
the silver birches and 70 % of the pubescent birches were on the mineral
surface, over all on an average 63 %. The regeneration areas where the
inventory had been made were mainly dryish heaths, where there had
been pine and spruce seedlings even before felling. This explains the
above mentioned small percentages compared to those which are pre-
sented later. In the second inventory this could not be measured because
the preparation track could not be seen any more. — The portion of the
mineral surface was 18 % and the denseness of the seedlings there about
4.5 plants on a square metre. The portion of the untouched surface was
82 % and the number of seedlings 0.56. Thus the capacity of the mineral
soil to become stocked with young growth was eight times that of the
natural surface.
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11.2 The Prepared Areas Cultivated for Pine in Northern Ostrobothnia

In 1986 there were surveyed 94 areas which had been seeded or planted
for pine 5—7 years earlier. The areas-were mainly moist and such that
they had become boggy. The temperature sum was 1010—1070 d.d. In
addition to the cultivated pine, the naturally born seedlings of pine and
other tree species were surveyed. The number of seedlings per hectare
was:

Preparation method

0 1 2 3 +
Cultivated pine 1100 1200 1500 1800 1800
Natural pine 840 540 890 2500 2230
Spruce 170 260 230 490 740
Silver birch 20 10 170 380 720
Pubescent birch 12000 13000 3800 13000 18000

Other deciduous trees 5400 660 3700 4800 12600

All 19500 13500 12200 23200 35000

Preparation methods: 0 = No preparation. 1 = Scalping with hoe.
2 = Scalping with machine. 3 = Disc trenching. 4 = Ploughing.

When all the preparation methods were combined, the following por-
tions of the seedlings were on the mineral surface: natural pine 72 %,
spruce 61 %, silver birch 86 %, pubescent birch 67 % and other decidu-
ous trees (aspen, rowan, willow) 56 %.

11.3 The Prepared Seed Tree Areas of Pine in Vuolijoki

In 1989 there were surveyed 79 regeneration areas which had been disc
trenched 2—6 years earlier for the natural regeneration of pine. The tem-
perature sum in the surveyed area was 1010—1017 d.d. The number of
seedlings per hectare was:

Pine 9 800 In-mineral soil 94 %
Spruce 180 43 %
Silver birch 340 83 %
Pubescent birch 8900 74 %
All 19 300 84 %
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Mineral soil surface became stocked with young growth on average
16 times more efficiently then an untouched natural surface.

11.4 The Prepared Seed Tree Areas of Pine in Kuusamo

In 1990 there were surveyed 62 regeneration areas in Kuusamo, which
had been disc trenched 2—9 years earlier. The temperature sum was 750—
860 d.d. and the height from the sea level 210—350 m. The whole rese-
arch area was situated on the northern side of the limit of the adabtability
of pine (950 d.d). In high and cold plots natural regeneration was scarse
compared to warmer areas. The number of seedlings was:

Pine 6800 In mineral soil 95 %
Spruce 170 66 %
Silver birch 650 91 %
Pubescent birch 5100 90 %
All 12 700 92 %

Mineral soil surface became st(_)cked with young growth on average
34 times more abundantly than a natural surface.

11.5. The Natural Regeneration of Spruce in Puolanka

In 1991 there were surveyed 70 strip felling areas in the hilly region of
Puolanka, which had been prepared with a harrow or a forest plough
10—15 years earlier. Temperature sum was 830—970 d.d. The ploughed
areas had become stocked with young growth more abundantly than the
disc trenched ones. On average there were the following number seed-
lings per hectare:

Spruce 4400 In mineral soil 97 %
Pine 370 99 %
Silver birch 540 98 %
Pubescent birch 7 500 97 %
All 12 700 97 %

Mineral soil surface became stocked with young growth on average
97 times more abundantly then a natural surface.
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We can draw from the five previous researches the following conclu-

sions:

1. With natural regeneration we obtain an abundant and diverse initial
material

2. On the cultivated areas many natural seedlings also grow

3. Exposing the mineral soil is the prerequisition for regeneration

4. The importance of soil preparation becomes emphasized in the cold
regions (Kuusamo and Puolanka)

5. Also on the hilly regions there comes silver birch to the seedling starid

6. With the help of soil preparation we obtain diverse seedling material,
of which it is possible to form a kind of forest which we want, a pure
coniferous forest, a mixed forest or a pure deciduous forest.

7. The biodiversity of the forest nature is secured.’

12. Conclusions

Natural regeneration offers forestry a positive possibility which must be
made use of carefully. A dense seedling stand with mixed tree species, of
which it is possible to develop a healthy forest which is technically of
‘good quality and contains different tree species in desired proportions, is
a realistic aim, which is easier to reach with natural regeneration than
with artificial regeneration.

Natural regeneration has been considered to belong mainly to the area
of extensive forestry and artificial method to describe intensive forestry.
When the methods have developed and knowledge has increased, we can
say that natural regeneration has expanded to the side of cultivation in
many places as an equal method. It is no more only the sign of large-scale
forestry. Acting in a new way it has also become a method which requi-
res from the manager craftmanship and a high sense of responsibility to
act in the right way starting from the making of the cutting plan to taking
care of the seedling stand.

All our four main tree species have their own area of use in forestry
and wood production. If we act in right way, it is possible for them to
regenerate naturally in almost all forest lands. There remains outside the
possibilities of natural regeneration only 1) the dry heaths where spruce
has started to grow and where pine has been felled, and 2) the most ferti-
le lands,where the delicate seedling which is born from a seed has no
strength to compete with the luxuriant vegetation. In other places the
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development of the methods has strengthened the usability of natural
regeneration and added thus possibilities for choice in forest regenerati-
on.

Figure 5. Letting a seed tree stand for too long prevents the birth of a
seedling stand on an area of 100—300 n?’. 12 years have passed from
felling. Photo from Muhos, Pentti Savilampi.
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Eero Kubin

Timing of the Removal of Pine Seed Trees

Jdepo Kyoun

CpOK Yaall€eHHd CEMEHHBIX T€PEBLEB COCHLI

Abstract

The rate of natural regeneration of pine (Pinus sylvestris) was resear-
ched on the experiment in Kuhmo between 1986—94. Seed tree cutting
was carried out in 1984 and soil preparation by harrowing in 1985. The
regeneration in the harrowing furrow was recorded annually (2 times
each year) starting in 1986. In addition circular sample plot data was
collected when the experiment ended in 1994. :

When the seed trees were left standing for a long time this did not
increase the number of the seedlings, but an excellent result was ob-
tained already after just one year’s seed crop. The fact that the seed trees
were let to stand diminished the height growth of the pine and birch seed-
lings, especially between four and eight years old. The prerequisite, ho-
wever, is a soil preparation which bares the mineral soil and an adequate-
ly good seed crop in the spring right after the soil preparation. Over 95 %
of the pine seedlings were in the furrow created by disc-treching.

Pedepar

TeMI ecTeCTBEHHOT0 BO30GHOBJIEHHSI COCHBI M3y4alld Ha OIBITHOM
y4dacTke B Kyxmo B nnepuop 1986—1994 rr. Py6ky B pacnonoxeHnue
CEeMEeHHHKOB ITPOHU3BOAHUIH B 1984 rony, peiXiieHHe 1104YBbI 60POHOBa-
HUeM B 1985 rony u npo6Hylo miomans 3aioxuiu B 1986 rony. 3a
pa3BUTHEM BCXO/J0B B 60p03/i€ ClleIHIIH exXeroaHo. MHBeHTapH3alHio
KpYToBo¥ MPOGHOH MIlolIaay IPOX3BENH B KOHIIE onbiTa B 1994 roxy.

OcTaBlieHHe CEMEHHBIX [JepeBbeB Ha JJHTEIbHOE BpeMs He
YBEJIHYHIIO KOJHYECTBO I0JPOCTa, a OTIHYHbIE PE3ylbTaThl ObLIU
NOCTHTHYTHI YXe 110 ypoxaio ceMsiH 3a ofuH rof. OcTasieHue ce-
MEHHBIX [epeBbeB Ha Goliee IIUTENbHbIH CPOK 3aMeIJIUII0 IIPHPOCT
COCHBI U 6epé3bl B BBICOTY, Y COCHBbI 60lIbIlIe BCEro B Bo3pacTe 4—
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8 net. Bonbine 95 % moapocTa COCHbI pa3BUBanoch B 6oposze. Tak,
€CTeCTBEHHO€ BO300HOBIIEHHE COCHBI Ha mupoTe KyxMmo ynaércs
xopo1uo 3a oguH rox. OgHako, NPeaIoChUIKON SBISAETCSA phIXJIEHHE
TpyHTa 151 06HaXeHH s MUHEPaJIbHOH IT0YBbI H JOCTaTOYHO XOPOIIHA
Ypoxai CeMsiH clielyolllel BECHOH IT0CJI€ PhIXJIEHHs IPYyHTa.

1. Introduction

In the natural regeneration of pine there are 40—60 seed trees left per
hectare. The recommendation for the point in time when the seed trees
should be removed has for a long time been the phase when the new
seedling stand is considered to have become established and when the
seedlings are still so short that they do not become damaged by the remo-
val. At the beginning of the 1980s we carried out experiments in the
forest of the National Board of Forestry at Kuhmo proving that only 1—
2 seed crops are needed, and if there is then enough regeneration, the
seed trees can be removed immediately. There was, however, no research
data available of so sudden removal of seed trees.

In the spring of 1986 there was a record amount of pine seed crop.
Already in the late summer we could observe at least in Kainuu every-
where on the natural regeneration plots plenty of small seedlings. This
offered a possibility to start recearching the effect of a rapid removal of
seed trees on the regeneration result. Several experimental areas were
founded in order to solve this research problem. They were planned so
that their results can be applied straight into practice. This report pre-
sents the results of the experimental area of Lehtoniemi in Kuhmo. It

was also one place of excursion during the Finnish-Russian seminar 1994,
27th to 30th June.

2. Material and Method

The experimental area (Fig. 1) was established in 1986 on the Lehtonie

mi forest estate of Kajaani Co. (later United Paper Mills Ltd.) in Kuh
mo. The seed trees were let to stand 1, 2, 4, and 8 years after soil prepa-
ration by harrowing in autumn 1985. The area of each experimental plot
was 2.5—3 ha. Regeneration was monitored on the same sample lines
twice a year: in the spring and autumn. At the last measuring (the 7th—
10th June 1994) an additional five one acre circular sample plots were
established on every area which represented a removal of seed trees. In

51



these plots the number of seedlings of each species were counted and
heights were measured. This report presents these results. The data was
analysed by one way analyse of variance.

KUHMOON 37 Km

100m 0 50m  100m

Figure 1. The experimental field of Lehtoniemi in Kuhmo. Regeneration
felling was carried out in 1984, harrowing in the autumn of 1985 and
the founding of the experiment in 1986. In the places shown by the
lines the pine seedlings have been counted every autumn and spring
from 1986 to 1994, in the circular sample plots all seedlings were
counted at the end of the experiment in 1994. Seed trees were left
standing 1 (1) , 2 (11l), 4 (IV) and 8 (1) years.

3. Results
3.1 Number of Seedlings

There were almost 15 000 pine seedlings per hectare after the first year
and the fact that the seed trees were let to stand for 8 years did not signi-
ficantly increace the number of the seedlings (Fig. 2, Table 1). Most of
the seedlings were in prepare soil (Table 2). The spruce seedlings were
mainly in unprepared soil (Table 2) and had been established prior to
felling.
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Figure 2. The effect of the time that the seed trees were left standing on
the number of pine seedlings.

The birch seedlings were mainly in prepared soil (Fig. 3) and their
number diminished because the seed trees were left standing. In addition
to pine, spruce and birch there grew rowan and in some places willow in
the sample plots. The seed trees which were left standing did not have
any effect on their numbers.

Table 1. The effect of the time that the seed trees were left standihg on the
number of the seedlings. p= statistical significance.

Tree species ly 2y 4y 8y p

Pinus sylvestris 14740 17080 11280 16080 0.31
Picea abies 260 320 340 320 0.94
Betula pubescens, seedling 6240 3060 4500 1480 0.06
Betula pubescens, sprouts 860 460 380 180  0.18
Betula pendula, seedling 1820 1420 800 960 0.37
Betula pendula, sprouts 180 0 0 160 -
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Table 2. The percentage of the seedlings in prepared soil in harrowing
furrows.

Tree species ly 2y 4y 8y

Pinus sylvestris 93.5 97.7 95.2 96.4
Picea abies 23.0 0.0 0.0 37.5
Betula pubescens, seedlings 99.0 98.0 92.9 96.0
Betula pubescens, sprout 0.0 0.0 0.0 0.0
Betula pendula, seedlings 934 916 100.0 100.0
Betula pendula, sprout 0.0 - - 0.0
Rowan and willow 58.6 0.0 0.0 0.0

1y 2y 4y 8y' 1y 2y 4y 8y '1y 2y 4y 8y '1y 2y 4y B8y

mm,m'mwm,w' Betula pendula, seed ' Betula pendula, sprout

Figure 3. The effect of the time that the seed trees were left standing on
the number of birch seedlings.

3.2 The Height of Seedlings

When the seed trees were left standing for eight years the mean height of
the pine seedlings decreased by less than half. The effect was prominant
especially between the fourth and eighth years (Fig. 4). The mean height
of Betula pubescent and Betula pendula seedlings decreased also bet-
ween the fourth and eighth years (Fig. 5). The differences were also sta-
tistically significant (Table 3).




Mean height, cm

1y 2y 4y 8y

Figure 4. The effect of time that the seed trees were left standing on the
mean height of pine seedlings.

Mean height, cm

100

Y. 4 4 4 4 4 4 4 4 4 4 4 4 Y 4 4
1y 2y 4y 8y 1y 2y 4y B8y 1y 2y 4y 8y, 1y 2y 4y 8y

Betula pubescens, seed ' Betula pubescens, sprout Betula pendula, seed ' Betula pendula, sprout

Figure 5. The effect of time the seed trees were left standing on the mean
height of birch seedlings.
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Table 3. The effect of time the seed trees were left standing on the mean
height (cm) of the seedlings. p = statistical significance.

Tree species Standing time
ly 2y 4y 8y P

Pinus sylvestris 52 42 45 20  0.001
Picea abies 28 48 28 19 0.011
Betula pubescens, seedlings 70 70 80 49  0.001
Betula pubescens, sprouts 240 185 216 192 0.036
Betula pendula, seedlings 120 88 120 67  0.001
Betula pendula, sprouts 379 - - 195 -
Rowan and willow 90 75 99 112 0.066

4. Conclusions

The prerequisite for the rapid natural regeneration of pine is soil prepara-
tion which bares the mineral soil combined with an abundant fall of ger-
minating seeds, preferable immediately after soil preparation or at the
longest the following summer. On the latitude of Kuhmo May is still a
good time for soil preraration and probably also the beginning of June.
On the basis of the results the seed trees can be removed as soon as 1—
2 years after soil preparation. One should, however, make sure that there
are seedlings before the removal.

No advantage has been achieved with letting the seed trees stand for
longer than 4 years with a point of view of regeneration. On the contrary,
the following four years diminished the regeneration result and especial-
ly the mean height of the pine seedlings. When considering a longer
standing time it must be done on the basis of other facts than those which
concern regeneration. On the other hand, one should take into considera-
tion possible fungus damage. According to the results of this research
and under the conditions which prevailed during the research period, this
had, however, no significance.
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Andrey N. Gromtsev

Pyrogenic Successions of Forest Communities in Taiga
Landscapes of Eastern Fennoscandia

A. H. I'pomuieB

IInporeHHble CYKIECCHH JIECHBIX COOOILIECTB B TaeXHBIX
Jangmwadgrax Boctounoii ®eHHOCKAHIHH

Abstract

It has been established that during the past few millenia there were form-
ed certain variants of fire regime in Eastern Fennoscandia's natural fo-
rests. Their variation was conditioned on landscape peculiarities of the
area. In fact, all forest communities represent the various stages of pyro-
genic successions. Zoning of the region on a landscape basis, was made
taking into account natural fire regime characteristics.

Pedepar

YcTaHOBIIEHO, YTO B MOCIEJHHE ThiCSIY€JIeTHs B CIOHTaHHBIX Jiecax
BocTouyHoit PeHHOCKaHIHMH CJIOXHIHCH ONpe/elieHHble BapHaHThI
noxapHoro pexuma. HUX pasau4us OBIH 06GYCIOBIEHH
JaHAMadTHHIMH OCOGEHHOCTSAMH TeppHUTOpHH. [IpakTHYeCKH Bce
JIeCHBIEe Coo6IIeCcTBa IPeJCTABIAI0T CO60H CaMble pa3InYHbIe CTaIHH
NHPOreHHBIX CYKLIECCHOHHBIX psAnoB. Ha nanamadTHON OCHOBe
NpoBeeHO paHOHHPOBaHHE pPErHoHa IO OCOGEHHOCTAM
€CTECTBEHHOTI0 I10XXapHOI0 peXHMa.

Introduction

The problem of forest cover dynamics in connection with forest fires has
been closely studied by researchers for a long time. Today, fires are con-
sidered by forest ecologists as one of the leading ecological factors deter-
inining structure and dynamics of taiga forests. B.H. Ckanon and
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I1.I1.Tapacos gave a vivid description of taiga as beeng an entire burned
area at various stages of regeneration because burned areas are so typical
of taiga (see: ®ypsieB & Kupees 1979). But spreading, regularities and
periodicity of fires and, consequently, pyrogenic successions of forest
communities differ greatly within various taiga regions that is conditio-
ned on structural features of different taiga landscape types.

Materials and Methods

Studies on pyrogenic successions were undertaken as part of the landsca-
pe-ecological research project in Karelia. The original classification and
the map of taiga landscapes were developed, their comprehensive quan-
titative and qualitative description was made with the use of field rese-
arch data (BonkoB et al. 1990, 1995, etc.). Landscapes were differenti-
ated on the basis of relief genetic forms and Quaternary deposits, degree
of paludification and dominance of primeval forests. Studies on forest
fire regime in different landscapes were carried out with the use of the
stratigraphic analyses data on peat deposits where fire layers were recor-
ded and dated. The total number of cores accounted for 700. Apart from
this, the presence and thickness of coal layers were recorded for all soil
sections, fire scars on trees were dated, inventory of stumps and tree
remains having traces of fire were made on the earth surface. While in-
vestigating successions of forest communities a set of methods was used:
there were established a scale and general trends of changing forest com-
position and area during different periods in the past; special inventory
of natural forest regeneration was done in clearcut areas;descriptions of
forest communities at various stages of succession was undertaken. As a
result, there were developed, stages of forest community successions in
different types of forest habitat. As a whole, the methods of investigation
are described in more detail in our other publications (I'poMues 1993a,
1993b, etc). Basic materials characterizing the structure and dynamics of
forest cover are obtained from 45 landscape profiles totalling some 220 km
in length (descriptions of some 2.2 thousand forest communities are done),
on 3 thousand plots (5 m?) placed 5—7 ieters apart, the total route length
through clearcuts being 40 km, etc.
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Results and Discussion

Natural fire regimes in taiga landscapes. Materials obtained as a result of

our studies characterize the fire regime in various taiga landscapes du-
ring the second half of the Holocene period, i.e. the past few millenia.
Let us consider its short generalized characteristic for the landscape groups
having similar parametres under consideration (Fig. 1). The territories
affected by pyrogenic factor in exceptionally sporadical manner are clearly
distinguished (the first group). Here fires broke out with periodicity of 1
fire in a millenium and were total. They seem to have been connected
with weather anomalies (droughts). In the second group of landscapes,
their core areas were affected by fires 1—2 times in a millenium. But
fires were more frequently spread over the part of the landscape territo-
ries along sandy hills and ridges of fluvial-glacial genesis affecting sites
adjacent to these relief forms also. The third group of landscapes is noted
for high periodicity of fires spread along the most part of their territory
once in 300 years on the average. Ground fires on mineral soils were
much more frequent.

The fourth group of landscapes can be regarded as a standard of pyro-
genic vulnerability. The most part of the territory was affected by the
pyrogenic factor once in 200 years. At that, maximum frequency of fires
was recorded in some places here (18 fires in the past 300—1500 years).
On mineral soils ground fires occured one to two times in 100 years.

Pyrogenic succession under conditions of natural fire regimes. Spruce
stands are known to be destroyed even by weak ground fires. On the
other hand, fire outbreaks in spruce stands could occur only in dry years.
In this case, spruce stands on mineral soils were practically destroyed by
fire, and fragments of spruce trees survived only in most paluded habi-
tats (mainly, along different elements of hydrographic network). In the
open burned areas there started regeneration of birch. After deciduous
phytocenoses were formed, there appeared spruce under canopies that
penetrated here from preserved spruce fragments. Further on, succession
developed according to the established scheme. Under the birch canopy
undergrowth was formed and then the second spruce storey. 120—130
years after fire spruce dominated in the first storey and birch degraded. In
the following successions lasting for hundreds of years there takes place
the process of gradual formation of unevenaged spruce stands (close to
climax) broken off by the next fire. This pyrogenic succession stages
were most common in taiga spruce-dominated landscapes with the most
varied geneses and paludification degree.
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Figure 1. Zoning the region of Eastern Fennoscandia as regards regula-
rities of natural fire regime. Symbols: 1) lowest, 2) medium, 3) high
and 4) highest fire periodicity. Explanatory notes can be found in the

text.
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In pine-dominated landscapes with various geneses and paludifica-
tion degree typical pyrogenic successions were composed of phytogenotic
groups differing in number of pine trees.

Depending on fire intensity primeval pine stands could be either
destroyed to varying degrees or completely unaffected. As to the degree
of pyrogenic disturbance it is possible to create a series starting from
fully destroyed pine stands to well-preserved ones. Next, in the open
burned areas pine mass-regenerated and even-aged stands were formed
which later on transformed into different variants of uneven-aged stands
under the influence of ground fires (as part of the first-storey trees died
back and understorey grew up in the openings-"windows”). In stands
semi-destroyed by fire of the openings there also occured pine regenera-
tion and uneven-aged communities were formed, and the degree of clearly
defined even-ageness depended on periodicity and intensity of ground
fires eliminating a certain part of the stand and ensuring the birth of a
new “wave” of regeneration.

Between these extreme successions (’pine” and ”’spruce”) there existed
a wide range of intermediate variants.

Pyrogenic successions under conditions of anthropogenic transforma-
tion of natural fire regimes. The process of anthropogenic transforma-
tion of natural fire regimes in the region is not simple. On the one hand,
it was noted that in the course of past centuries fire periodicity was higher
in connection with developing of virgin lands. On the other hand, fire
fighting technique is being improved. These opposing factors plus the
system of clearcutting make it difficult to determine the regularities of
forest cover dynamics in connection with changing periodicity of fires as
well as peculiarities of its spreading. To say more, spontaneous succes-
sions are broken off by cutting at the age of 100—120 years (cutting
age). This problem is most pressing in protected areas where it is pos-
sible for forest communities to exist naturally only if their naturally fire
regime is maintained.

Successful pine regenerating in clearcut areas is in direct connection
with the speciality of current fire regime. Pyrologic zoning is compatible
with dividing the territory according to peculiarities of pine forest rege-
neration. As a rule, in landscapes having “high” and “highest” fire peri-
odicity indices, natural pine regenerates successfully on more than 75 per
cent of clearcuts, i.e. this species dominates at all succession stages. In
landscapes with low fire periodicity pine changing for spruce and deci-
duous species is quite common. In spruce clearcuts mass regeneration of
deciduous species takes place regardless of speciality of fire regime.
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Conclusion

Practically all natural forest communities within Eastern Fennoscandia
represent different stages of post-fire successions. There exist a lot of
various opinions about the role of pyrogenic factor in spontaneous and
anthropogenic dynamics of forest, but they differ only in evaluating the
degree of fire influence. The degree of fire influence is determined by a
fire regime variant-frequency, intensity and regularity of fire spreading.
These variants are clearly conditioned on landscape features of taiga ter-
ritories.
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Vitali I. Krutov

Fungal Diseases of Young Coniferous Forests
in Russian Karelia

B. . KpyToB

I'puGHbIe 60/1€3HH XBOHHBIX MOJIONHAKOB B Kapeuu

Abstract

The following diseases of young pine forest could be estimated as the
most widely spread and dangerous in Karelia: Snow blight, Scleroderris
canker and pine twisting rust (Melampsora pinitorqua). The distribution
of these diseases usually has a character of epiphitotia. Several other
types of disease occur sporadically. Among them Lophodermium needle
cast (Lophodermium seditiosum) and Lophodermella needle cast (Lopho-
dermella sulcigena) are noted more often than Blister rust (pathogenic
agent Cronartium flaccidum), biatorella canker and some other diseases.

For larch (Larix sibirica) that was widely used for artificial reforesta-
tion of clearfell-areas in Karelia in the 50's, the most dangerous diseases
are Larch canker and Armillaria root rot.

Spruce (Picea abies and P. obovata) and siberian cembra (Pinus sibi-
rica) are attacked by fungus diseas rather seldom and to a little extent.
Spruce needle cast (pathogenic agent Lophodermium macrosporum =
Lirula macrospora) and northern or golden needle trust (Chrysomyxa
ledi and Ch. abietis) can be estimated as the most widely spread spruce
fungal diseases.

Pedepar

Hamn6onee pacnpocTpaHEHHBIMH U ONaCHBIMH GOJIE3HSIMH COCHOBBIX
MOJIOTHAKOB B Kapeuu sABIAOTCA: CHEXHOe II0TTe, M06eTOBBIH paK
(cknepoaeppHo3), pKaByHHa 106€roB, HIIH COCHOBBIH BepTyH. Pacn-
pocTpaHeHHe 3THX 6oJie3Hel HepeJKO HOCHT XapaKTep SNH(UTOTHH.
Crnopagu4eckd OTMeYalluCh BCIBIIKH IMIOTTE OGHIKHOBEHHOTO,
MIOTTE CEporo, M3peaka OTMe4alTCs ClydYaH MOpaxXeHHs
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Ny3bIpYaToi pXaBYHHOU (Bo36ynutens — Cronartium flaccidum),
6MaTOPEJIOBBIM PAaKOM M HEKOTOPHIMH JAPYTUMH 6oJie3HAMH. s
JTUCTBEHHHIIBl cu6UpcKon (Larix sibirica), koTopas B 50-X romax
IIHPOKO HCIOJb30Balach s 3aKyJIbTHBHPOBaHUS BHIPYGOK B
Kapenuu, cepbe3Hylo ol1aCHOCTb NPeICTaBIAIT CTyNeHYaThIH, HIIH
Na3ucIU(OBbIM paK M KOpPHeBas THUIb OT oneHka — Armillariella
mellea. Enb (Picea abies u P. obovata) u Kenp cu6upckuii (Pinus sibiri-
ca) opaxalnTcs IPHOHBIMHU 60JIe3HSIMHU PeKO U B ClIa60# CTENEeHH.
W3 6onesHe ey MOXHO Ha3BaTh IIIOTTeE €U (Bo36y AuTeNb — Lopho-
dermium macrosporum = Lirula macrospora) u ceBepHYI0, HIH
30JIOTHCTYI0 p>XKaBYHUHY XBOH (B036y nutenu — Chrysomyxa ledi u Ch.
abietis).

Introduction

One of the main goals of forestry in the Republic of Karelia is the rapid
and succesfull regeneration of forests which have declined due to clear
cuttings. This is provided by the right combination of natural and artifi-
tial reforestation with conifers. Academican 1.C. Menexos (1993), spea-
king about current problems facing forests, puts the emphasis on the task
af ”... recovering pine forests in taiga regions” together with working out
the measures for ” ... the protection of pine against pathological effect”.

Fungal diseases cause a marked damage on the initial stages of estab-
lishing young pine forests. According to prof. U.H. )Kypasnes (1958)
the total mortality due to fungal diseases (damping-off and needle cast)
is about 50 % of young seedlings appearing naturally in the first years
after felling. Among 7 year-old pines the mortality may reach even 80 %.
Investigations conducted on cutting areas in Karelia show 20—21 % (wit-
hout including damping-off) mortality (KpyToB & Boakosa 1975). Arti-
ficial plantations, especially pine ones (Pinus sylvestris), suffer the most.
About the age of 10 years, on average, 50 % of all seedlings (about one
third of seeding places) are dead in plantations established by sowing
and about 10 % — in those restocked by planting (KpyToB 1989).
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Results

Snow blight. (pathogenic agent Phacidium infestans). The most com-
mon pine disease. This seems very dangerous for young pine forests un-
til the trees reach 0.5—0.6 m in height which exeeds the average level of
snow cover. In southern part of Karelia pine seedlings reach such height
at the age of 5—=6, in the northern area at 11—15 years. The pathogenici-
ty of this disease increases from north to the south due to worsening of
the soil and climatic conditions. The dynamics of the occurance of the
disease in terms of timing and latitude is determined by air temperature
in March and April and by the longevity of snow cower depending of
these temperatures. The optimum conditions for the development and
distribution of snow blight exist in the northern taiga subzone, where
cutting areas in pine forests are predominantly on pure sandy soils. In
these conditions pine grows slowly, with the ground vegetation consis-
ting of dwarf-shrubs (Vaccinium vitis-idaea, Calluna vulgaris), mosses
and lichens that do not preclude dissemination of infected needles. Besi-
des, the period of snow cover here is very long (155—185 days).

In the middle taiga subzone (middle and southern Karelia) Snow blight
has a patchy distribution due to differences in the character of the ground
vegetation in cutting areas. The majority of cutting areas are covered by
grasses, birch and aspen, which makes the transportation of infection
more difficult. Moreover, in more fertile soils pine reaches a height abo-
ve the snow faster. In recent years more than 50 % of pine plantations in
southern Karelia were established by planting which is known to suffer
this disease to a less extent.

Scleroderris canker (Gremmeniella abietina with the conidial stage
Brunchorstia pinea) is a dangerous and comparatively new disease of
pine plantations in the northern Karelia and Murmansk region. It was
found for the first time in the end of the 60's in pine plantations establis-
hed with seed brought from Central Russia, Ukraine and Byelorussia
because of the constant deficency of local seeds. Such plantations were
characterized by good growth during the first years, but about the age of
10—11 years they completely died due to the mentioned disease. The
same can be said about Lophodermium needle cast. On the native pine
both diseases are exceptionally rare. A considerable damage by Sclero-
derris was noted in the test with nine-year mineral fertilization conducted
in southern Karelia (KpyToB 1989). Scleroderris canker prefers the same
vegetation conditions like Snow blight, often jointly occurring.

Pine twisting rust (Melampsora pinitorqua), the distribution and harm-
fullness of this disease grow from north to south depending strictly on
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soil and climatic tonditions. The distribution to the north is limited by a
range of factors: prevalence of cuttings in areas with poor sandy soils
(unfavorable for aspen, an intermediate host of the disease), cool climate
and short growing season. On more rich cutting areas, under favourable
wheather conditions, the damage caused by Pine twisting rust reached
(in 1971, 1973, 1976, 1983, 1985) 90 % especially in cultivated areas.
Young stands (under 10—12 years) are damaged most, and older stands
(up to 20 and more years) can be also strongly damaged. The seasonal
dynamics of the disease are affected by the wheather conditions of the
previous growing season: the sum of temperatures equal and higher than
10 °C during June, July and September, the total amount of precipitation
in August under the temperature equal or higher than 5 °C. On this basis
we developed a mathematical model of long-term disease forecast, which
was tested during several years and proved to be very precise.

Biatorella canker (Biatorella difformis with the conidial stage Biato-
ridina pinastri) is a disease of young pine stands, growing in unfavou-
rable conditions: in the places with surplus moisture under the forest
canopy. On damaged pines canker wounds with sharp margins and dark-
brown surface form, from 3 to 10, sometimes up to 20 on a single trunk,
often on its central part. According to B.H. [lleaposa (1979), the dam-
age caused by this disease reached 80—100 % on the stands with high
moisture and 30—40 % under forest canopy in dry pine stands of low
density.

Other pine diseases do not affect consideraby the coniferous forest
regeneration on cutting areas. .

Larch canker (Dasyscypha (Lachnellula) willkommii) is ubiquitous,
but seems to be the most harmfull for Larch in unfavourable conditions
of dry and moist areas. In some of such places up to 50—70 % of young
trees (10—12 years old) died. The frosts, possible during the whole gro-
wing season, promote Larch damage.

Armillaria root rot is one of the main reasons for the poor survival rate
of Larch plantations, established on cutting areas in coniferous forests in
southern Karelia. Other tree strains are damaged by this disease exeptio-
nally rarely.

For reducing the damage, caused by fungal diseases, a system of pro-
tective measures is proposed. This system includes forestry operations
and phytosanitary prophilactics.
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Pentti Niemisto

Influence of the Density of a Pubescent Birch Stand on
Understorey Spruce Development on Peatland

ITenTT HHemucTé

BiHsHHe rycTOTHI ApeBOCTOS 0epé3bl MYLIHCTOM, Ha
Pa3BHTHE eJIbHHKA, ()OPMHPYIOLLET0 HHIKHHI fpYyC
HacaXkJeHHs Ha TOpGAHBIX FPyHTAX

Abstract

The aim of the research was to study how spruce seedlings grow and how
their condition depends on the density of an above growing mature pu-
bescent birch stand. Also, the damages to the spruces caused by the fel-
ling and haulage of birches studied. As a study material a wide-scale
thinning experiment in a pubescent birch stand was used. .Spruces had
been planted under the birches in 1967 Partly in the experimental area
there are a lot of natural spruce seedlings. The birches were measured in
1974 and 1979 and both species in 1984, 1988 and 1993. The density of
the birch stand varied between 350—2000 stems/ha, and the dominant
height in 1993 was 17.7 m.

The spruce seedlings developed at first slowly, so at the age of 18 years
they were only about 1.6 m high and in an unthinned birch stand even
smaller. As spruce is a shade tree species, it managed moderately in a
fully stocked birch stand. The pubescent birch stand was thinned first in
1974 and then for a second time in 1984. After the second thinning clear
differences became apparent between the growth of the spruces. At the
age of 27 years the mean height of planted spruces was 4.5 m in the
density of 400—500 birches/ha and correspondingly 2.5 m in the density
of 2000 birches/ha.

In unthinned birch stands the mean diameter of the spruce seedlings
was 1.5—2.0 cm smaller than in the thinned ones. In three sample plots
all birches were removed in 1989. The released spruces grew as much in
height but clearly more in diameter than the spruces in a thinly stocked
birch stand. It is probable that the height growth of the released spruces
accelerates when they adapt themselves to the increased light after fel-
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ling. The spruces remained healthy with no difference in mortallty bet-
ween the thinned and the unthinned birch stand.

In June in 1994 the birches were felled in ten sample plots using the
Scandinavian assortment system and hauled by forwader. When being
felled the tops of the birches were directed towards the logging roads or
over the ditches, so there was only a small amount of damages to spru-
ces. The majority of the damages was caused by them being smashed
under the tractor wheels, falling between the tracks or haulage damages
near the logging roads. As a whole, the spruce stand recovered from the
felling better than what was expected. Number of remained spruces in
good condition was 1500 seedlings/ha and only 200—300/ha (10—20 %)
were damaged. The modern felling machines would probably reach an as
good a result as in manual felling, but in that case the spruce stand should
not be too high.

It is known that spruce often regenerates naturally under deciduous
tree stands. The natural regeneration of spruce is common in pubescent
birch stands in fertile peatlands. A too widely spaced birch stand, howe-
ver, does not work as frost shelter. Thinning a birch stand just because of
spruces or a final cutting in several stages does not seem to be necessary.
Increasing the understorey is one method to increase the biodiversity of
forests, in order to avoid tree stands with one species and to reduce both
the economic and landscape problems.

Pedepar

Ilenbio HacTosIIEro UCCIEN0BaHHs ObLIO U3yYeHHUE 3aBUCHUMOCTH
IIPUPOCTa H COCTOSIHHS CaXEHIIEB €JIH OT I'yCTOThI B3pOCJIOro Jpe-
BOCTOs 6epe3bl MYLIHUCTOH, 06pa3yIollero BEpXHUH spyc Hacaxjae-
HUs. U3y4alld Takke II0BpeXIeHHE CaXXEeHIIEB €JIH BO BpeMsl pyOKH
U BBIBO3KH [IpeBeCHHBl. B KauecTBe MaTepHalloB UCCIIEI0BaHHI HC-
I10JIb30BaJIM pe3ylbTaThl 3a 20 JIET 110 ONLITHOMY pa3peXHBaHHIO Ge-
pe3HsKa, B KoTopoM B 1967 romy mop 1ojoroM JIHCTBEHHOH I1OPOIBI
BbICAIUJIM CaXKeHLIbl eJIi. MecTaMu B 6epe3HsKe ObLIO JOCTaTOYHO
MHOT0 [10POCTa, POPMHUPYIOILLEroes Iy TEM €ECTECTBEHHOI0 BO30OHOB-
neHus jeca. U3Mepenus enu npoBonuiu B 1984, 1988 u 1993 rr. I'yc-
ToTa 6epe3Hsika Konebajach B npeneiax 350—2000 6epe3 Ha rekTap
U BbICOTa JOMHHHPYIOIIHX JepeBbeB cocTaBhila B 1993 rony 17.7 m.

B Hauane caxeHIbl €11 pa3BUBaJHCh MeJJIEHHO, H B Bo3pacTe 18
JeT UX BbICOTa COCTaBHJIa TOJbKO OK. 1.6 M, a Ha yJacTKax, He I0[I-
BEPrHYThIX py6KaM pa3peXHBaHHs Jaxe MeHblle. OHaKo, KakK Io-
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polia ¢ BbICOKOH TEHEBBIHOCIHBOCTbIO, €JIb IEPEHOCHTIa OTHOCHTENb-
HO XOpOILO YCJIOBHs Iaxe B 6epe3HsKe C IepBOHaYallbHbIM 3aI1acoM
npeBocTosi. bepesHsk U3 6epesbl My MIHCTOH MoBEpranach pyo6Ke pas-
peXuBaHHs nepBbii pa3 B 1974 rony 1 BTopo# pa3 B 1984 rony. IToc-
Jie BTOPOH pYOGKH B IIPHPOCTE CaKEeHILIEB €JIM Hayalld Ha6JI0JaThCA
sIBHble pa3iu4Hus. B Bo3pacTe 27 jieT BbICOTa CaXKe€HLEeB COCTaBUIIa B
cpenHeM 4.5 M rpu ryctoTe G6epesrsaka 400—500 Gepe3s Ha rekTap U
COOTBETCTBEHHO 2.5 M IIpH ryctote 6epe3nsika 2000 6epe3 Ha rek-
Tap.

Ha TonmuuHy enH ryctora 6epe3Hska HMella 6oliee CHIIbHOE BIIHU -
HHe, YeM Ha BBICOTY. B 6epesHsike, He II0IBEPrHYTOM pyOKe pa3pe-
XHBaHUs, CPEJHHH NHaMeTp caXeHLeB elH 6b1 Ha 1.5—2.0 cM
MeHblIe TOJIIIHHBI ]I B [IpopexXeHHOoM Jiecy. C Tpex y4acTKOB yla-
UM Bee 6epesbl 1989 rony. ¥ ocBo60XI€HHBIX CaXKE€HIIEB €JIH IIPH-
POCT B BBICOTY GblIl OJUHAKOBBIM, HO IIPUPOCT B TONLIHHY SIBHO 6OJIbIIIE
10 CPaBHEHHIO C eJIsSIMH B pa3pe€keHHOM 6epe3HsaKe. MoxXHo npearno-
jlaraTh, 4YTO Y OCBOGOX/IEHHBIX eJlell IPHUPOCT B BHICOTY yCKOpsieTCH
roclie IpUCIoca6IMBaHUs K 60lblIeH OCBEIleHHOCTH. UTo KacaeTcs
COCTOSIHH A 3[I0POBbs U XXHU3HECIIOCOGHOCTH €JIH, 3TH XapaKTePUCTH-
KU ObIIIM ONMHAKOBbIMH KaK B 0Y€Hb I'yCTOM, TaK U B IPOPEXEHHOM
O6epe3HsKe.

B uione 1994 rona npoussenu BbIpyOKY 6epe3 Ha JeCSATH ONbITH-
BIX y4acTKaXx C HCII0JIb30BaHHEM CHCTEMbI COpPTHMEHTA, [1JIsl TPeJieB-
KH HCII0JIb30BajJld OGbIKHOBEHHBIN JIeCHOM TpakTop. IIpu BbpyG6Ke
KPOHbI 6epe3 OPHEHTHPOBAJIM Ha TpeJleBOYHbIE BOJIOKH H. KaHaBbl U
clle[]oBaTeNbHO, NOBPEeXIeHHH ey 6bli10 Malo. [Ipexae Bcero enu
CTpajalii B CIIeICTBHE IONaJaHMs I0] Kolleca TPaKTopa, CBaJkBa-
HHUA MEXY KOJIesIMH HIIH N0y YeHHs Y1apoB B GJIM3H TPeJleBOYHBIX
BOJIOKOB. B 11€JI0M MOJIOHSK NIepeHOoCUT PyOKY JIydlle, YeM OXKH/Ia-
au. KonryecTBo enei, KOTOpble COXPaHHUIIMCh B XOpPOLIEeM COCTOSIHHH,
cocTaBulo B cpegHeM 1500 mT. ¥ KOTHYEeCTBO MOTHGIIKX CaXK€EHIIEB
200—300 mT. (10—20 %) Ha rekTap. [IpeanonoXuTENbHO C HCITOIb-
30BaHUEM COBPEMEHHBIX BAJOYHBIX MaIlIMH MOXHO ObIJIO 6bl JOGH-
BaTbCs TAKHX XK€ pe3ylbTaToB KaK IIPH IPOU3BeIeHUH paGoThlI JIECO-
py6aMH, HO B TOM Clly4ae eJIbHHK He JOJIK€H ObITh CIBIIIKOM BbICO-
KHUM II0 pOCTY.

N3BeCTHO, YTO eJIb BO30GHOBIISIETCS YaCTO €CTECTBEHHBIM Iy TEM
0[] TOJIOTOM I PEBOCTOEB M3 JIHCTBEHHBIX Mopona. Oco6eHHO 6ila-
TONIPUATHBIMHU B 3TOM OTHOLIEHHH ABIAITCS JPEBOCTOU MYIIHUCTOMH
6epe3bl Ha ILIOIOPOIHBIX TOPPAHBIX No4YBaX. OHAKO, CIIUIIKOM ITPO-
peXeHHbIH 6ePE3HSK He JaeT 3alluThl OT 3aMOpo3KoB. KaxeTcs, uto
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pa3pexXuBaHHe NPEeBOCTOS 6epe3bl MYyLUIHCTON C TOYKH 3PEHHs el
He TpebyeTcs, TaK Xe KaK M IPOBeJeHHE OYHCTHOH pYyOKH B HeC-
KOJIbKO 3TaIloB. ¥ BeIHYeHHE HUXHETO sipyca Jieca sIBIsAETCS OMHHM
U3 CI0C060B JUBEPCH(HKAIIHH Jieca, HpeJIOTBpaHIaéT ¢dopMHpOBa-
HHE IPEBOCTOEB H3 OTHOH ITOPObI, COKpAIlla€T paCXoAbl H YMEHbIIIAET
1po6JieMBI C (POPMHPOBaHHEM JIaHAIadTa.

Introduction

Spruce seedling stands which have been established in clearcut areas
often suffer in Finland from early summer frost (Multamaki 1942, Lei-
kola & Pylkko 1969, Leikola 1975, Leikola & Rikala 1983, Heikurainen
1985). Especially the low-lying areas and peatlands are sensitive to night
frosts and spruce needs a nurse crop for shelter. In fertile peatlands there
grows an abundance of pubescent birch, most often in a mixture with
spruce and pine, but pure pubescent birch stands are also common espe-
cially in Ostrobothnia and southern Lapland (Kuusela et al. 1986).

The natural regeneration of spruce is common in drained birch stands
(Seppila & Keltikangas 1978), and they can be supplemented by plan-
ting if necessary. Growing this kind of two storied birch—spruce stand
has several advantages. A fully stocked mature birch stand in fertile peat-
land produces a moderately good economical result simultaneously with
the young seedling stand of the spruce (Keltikangas & Seppilad 1977,
Niemistd 1991, Mielikdinen & Valkonen 1994). In addition, the quality
of site benefits from the birches’ leaf litter, deep root system and the
abundant evaporation (Laitakari 1934, Huikari 1954, Mikola 1954, Sirén
1955, Paavilainen 1966, Mélkonen 1977, Kaunisto & Pdivinen 1985).
On the other hand the competition caused by the birch may slow down
the early development of the spruce seedlings, cause technical injuries or
weaken the health of the spruces (Cajander 1934, Leikola 1976, Folkes-
son & Bjarring 1982, Leikola & Rikala 1983, Heikurainen 1985, Braathe
1988). _

The rotation of the pubescent birch is short in Finland — about 60 years
—and the species seldom produces valuable veneer logs (Verkasalo 1988).
Because of early bilogical aging the growth capacity of pubescent birch
diminishes and the susceptibility to decay increases, consequently gro-
wing a mature pubescent birch storey is hardly economically profitable
for a long rotation (Koivisto 1959, Keltikangas & Seppéld 1977, Sara-
maki 1977). Alternatively, letting good quality silver birches grow to full
maturity over a long time above a spruce stand in fertile mineral soil may
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be an economically profitable alternative (Mielikdinen & Valkonen 1994,
Tham 1988). The release of a spruce stand is both technically and biolo-
gically problematic (Thesslund 1975, Maukonen 1987, Peltoniemi 1991).
If the birches are taken away too early that increases injuries caused by
the frost and the sudden increase of light may cause the needles, which
have adapted themselves to shade, to desiccate (Cajander 1934, Bergan
1971, Leikola 1975, Skoklefald 1976, Andersson 1988, Saarinen 1995).
This research studies the development of planted and natural spruce
seedlings in a peatland pubescent birch stand with varying density. The
aim is to find out the effect of overgrowing birch on the spacing, height,
diameter increment and the condition of the undergrowing spruces.

Material

The location of the experimental stand is in the district of the National
Board of Forestry in Haapavesi (combined coordinates 7111/412). The
pubescent birch stand was established naturally in connection with new
drainage in 1936—37. The site is a herb rich heathy peatland with the
peat about half a metre thick. On the majority of the area the spruce
seedlings were planted in the spring of 1967. The area was supplementa-
ry drained in 1974—75 and near the ditches there has developed at pla-
ces a dense natural spruce undergrowth. A thinning and fertilizing expe-
riment of pubescent birch was established in the autumn of 1974. After
the first thinning the density varied between 700—2100 trees/ha. Since
the birches have been measured at 5 year intervals (Oikarinen & Pyykko-
nen 1981, Niemistd 1991). A second thinning was done in the spring of
1985 (table 1), after which the density of the growing birch stand varied
between 400—2000 stems/ha in 5—7 replications.

The number of spruces and the mean height were estimated when the
birch stand was thinned a second time in the spring of 1985. The actual
measurement of the spruces was done in the autumns of 1988 and 1993.
In 1988 close to the thinning experiment there were established three
supplementary sample plots in which all the birches were then removed.
Breast height diameter was measured from all spruces over 1.3 m in height
and the height of all spruces under 1.3 m in height. In addition, the height
of every fifth spruce which was over 1.3 m high, was measured. From a
height curve drawn with the help of these sample trees the heights for all
the spruces present were estimated.
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Figure 1. An understo-
rey spruce stand in a
thinned pubescent
birch stand, were the
stem number s
700 stems/ha and the
total volume of stems
140 m’/ha.

Table 1. The mean diameter and stem volume in the experimental pubes-
cent birch stand after second thinning, mean volume increment du-
ring the following nine year period and the density of the understorey
spruce stand in different thinning grades of the birch stand.

Pubescent birch stand after thinning Planted spruces Natural spruces
Density Mean Volume Growth  Number Spruces Number Spruces
diameter of sample /ha of sample /ha
cm m3/ha  m3/haly plots plots
0 (birches removed 1988) 3 1400 0 -
400-500 18.1 81 3.2 - 950 2 1300
500-800 16.7 100 33 5 1400 1 3400
800-1100 16.7 126 3.8 5 1050 3 850
1100-1500 153 134 4.1 4 1300 2 2400
1500-2000 14.7 155 4.1 7 1050 1 1300
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Distinguishing between the natural and planted seedlings on the basis
of their location and size was still possible although not exact. For this
reason small ingrowths between the natural and planted spruces were
possible from first measurement to another. Of all the spruces there was
made the following classification of quality: 1 = no injuries, 2 = stem
crooked or forked, 3 = change of top during the last five years, 4 = top
injured, dry or diseased, 5 = dead.

The planted spruces were measured 22 and 27 years after planting in
28 sample plots, total of 2.8 hectares. A significant amount of natural
seedlings (> 300 trees/ha) were found in nine sample plots. The results
from the sample plots were combined on the bass of the density of the
birch stand into six grades as follows: no hold-over birches, 401—500,
501—800, 801—1100, 1101—1500 and 1501—2000 stems/ha.

In June 1994 all birches were felled in 10 experimental plots, which
were chosen so that the seedling stand was released in several adjoining
sample plots. The density of the removed birch stand varied between
450—2200 stems/ha. The trees were felled using chain saw with the short-
wood logging system. Tops were mainly directed to the logging road
which ran in the middle of the 30 m wide sample plots or alternatively
towards the ditch line on the border of the experimental plot. The timber
was loaded and hauled away with a medium heavy forwader, which had
to make some spur roads in order to reach all timber with its 10 m long
boom loading device. After felling all the injured and damaged spruces
were measured and classed on the basis of the type and cause of injury.

Results
The Density of the Undergrowth Spruce Stand

The amount of the living planted seedlings did not depend on the density
of the above growing birch stand (Table 1), neither did it diminish during
the measuring period. There were an average of 1200 planted spruces/ha
and the range between the density classes of the birch stand was 950—
1400 spruces/ha. _

There were natural spruce seedlings on nine sample plots in the first
measurement an average of 1800 spruces/ha and five years later 1450/ha.
The amount of natural spruces diminished most, about 30 %, under the
densest birch stand. The natural seedling stand was more varied than the
planted one. On those sample plots where occurred natural spruces, there
were 300—3600 spruces/ha. Also, inside the sample plots the natural
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seedling stand varied so that there were more spruces along the ditches
than in the middle of the field. In general the natural seedlings occurred
in the same sample plots as the planted ones, but in the unplanted area
there were two sample plots where there grew about 3500 natural spruces/
ha. Except for these two sample plots a fully stocked spruce stand would
not have been established without planting.

Height and Diameter Increment of Spruces

The mean height of the planted spruces was in the spring 1985 at the age
of 20 years about 1.6 m in the birch stands, where the density was less
than 1100 birches/ha. In denser sample plots the mean height of the spru-
ces was half a metre smaller. During next four years in unthinned sample
plots the mean height of the spruces increased to 1.5 m and in heavily
thinned sample plots to 2.5 m (Fig. 2a). During the following 5 year
period the height increment of the spruces was highest (about 40 cm/
year) under the sparsest birch stand. In an unthinned birch stand the height
growth of spruce was the lowest. The other thinning grades did not differ
from each other and in the released spruce stand the height increment
was equal to them.

The natural spruces were in 1988 higher than the planted ones (Fig.
2b). Their mean height, too, depended on the density of the birch stand in
the same way as that of the planted spruces. The mean height of the
natural spruces varied from 2.2 m to 4.6 m, when the density of the birch
stand changed from 1600 to 450 trees per hectare. Five years later the
mean height of the spruces varied correspondingly from 4.0 t0 9.2 m. An
exception were the sample plots, where the density of the pubescent birch
stand was 500—800 trees/ha because of large number of small natural
spruces. On other plots the height increment of the natural spruces was,
during the whole measuring period, the lower, the denser was the birch
stand above.

60 % of the total height of planted spruces has grown during the last
nine years. The seedlings have thus passed their slow initial growth stage.
During the 20 first years the mean height increment of planted spruces
was only 1.5 m. The mean height of the natural seedlings doubled during
the last 5 year period, but the mean height increment was an
over-estimation because of the death of the smallest spruces.
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a) Planted spruces b) Natural spruces

0 400-500 500-800 800-1100 1100-1500  1500-2000 400-500 500-800 800-1100 1100-1500 1500-2000
Birches/ha Birches/ha

Figure 2. The development of the mean height of spruces and standard
deviation between the sample plots under a pubescent birch stand
which has been thinned with different densities on peatland.

O Diameter increment 1988-93
B Mean diameter 1988

400500 500800 00-1100 1100-1500 1500-2000 400-500 500800 001100 1100-1500 1500-2000

Figure 3. The development of the mean diameter of spruces and stan-
dard deviation between different sample plots under a pubescent birch
stand which has been thinned with different densities on peatland.

For the natural spruces the clear differences between the densities of the
upper storeys existed already in the year 1988 (Fig. 3b). The density of
the birch stand had thus a very clear effect on the diameter increment of
the undergrowth spruces. One must also take notice that the height incre-
ment of the released spruces did not differ diving first five years from the
mean value of those growing under a birch stand but there was a clear
difference in the diameter growth for the benefit of the released ones.
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The Quality of the Spruce Seedlings

Of the planted spruces the proportion of the seedlings free of defects
varied in the first measurement from 75 % to about 60 %, when the den-
sity of the above growing birch stand increased (Fig. 4a). The most com-
mon injury was the change of the apical shoot during the last five years,
which became clearly more common when the density of the birch stand
increased. The amount of other kinds of damaged or deseased tops va-
ried equally. For some reason crooked and forked spruces became com-
mon in the opposite order. The reason could be the harvesting injuries
which had taken place during the first thinning of the birch stand.

During the last five years the quality of the seedlings improved. The
portion of the seedlings of good condition increased to the level of 80—
90 % and no dependence on the density of the birch stand could be obser-
ved any more (Fig. 4b). Especially the amount of the changes of apical
shoot had diminished. Alternatively, in the seedling stand which had been
released there occurred faulty tops in every fifth spruce.

a) 23 years after planting b) 28 years after planting

400-500 500-800 800-1100 1100-1500 1500-2000 o 400-500 500-800 800-1100 1100-1500 1500-2000

Birches/ha
B Normal O Crookedor forked B Change of shoot (S yr) EJ Injured or dry shoot e
sem

Figure 4. The influence of the density of a pubescent birch stand on the
quality of the planted undergrowth spruces.
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The Release of the Seedling Stand

The number of stems which had been removed from above the spruce
stand varied between 450—2200 birches/ha and the stem volume bet-
ween 89—190 m’/ha. When the outturn increased, the number of the
damaged and injured spruces per hectare increased from 190 to 300
(Fig. 5). An exception was caused by three sample plots, where less see-
dlings were damaged because there were clearly less spruces on the log-
ging road placed on the middle of the field than nearer the ditches. Abo-
ve mentioned 3 exceptional observations were discarded.

In the rest of the sample plots there were an average of 260 broken,
fallen or loosened spruces/ha. The portion of dead or dying seedlings
varied between 7—20 % according to the sample plot with 15 % as an
average. The number of fallen and broken spruces made up 70 % of the
harvesting injuries (Table 2). Usually the reason was the wheels or the
frame of the forest tractor, which caused 83 % of the observed injuries.
Part of the injuries caused by the machine frame were the bark injuries
and tilting of the surviving trees. Practically, all spruces growing on the
tracks of the machine or between the tracks, were destroyed.

Spruces/ha
300 7 - - - - - - - - - T a - - & -
=
250 - - - - - - - e s
u
200—~~~-~~i ffffffffffffffffffff o
- ® Damaged
X Injured
X
P X
100 +- - - - - - - - - - - - ---- i i i e
X X B
X X
50 - - - - - - T
X .
Total drain of birch, m3/ha
0 f i ' !
50 100 150 200

Figure 5. The influence of the drain of an overgrowth birch stand on the
number of damaged and injured spruce seedlings.
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Figure 6. A spruce sapling stand five years after the release.

Of all the spruces about 5 % were injured lightly and they were consid-
ered as surviving. The number of tilting seedlings constituted rather less
.than half of these and in the rest the top injuries were slightly more com-
mon than the bark injuries (Table 2). The reason for the lighter injuries
was more often felling than loading. The reason for tilting and bark inju-
ries was mainly the frame or wheels of the forwader. There were also
more injured spruces if a birch stand have been a denser one (Fig. 5).
The correlation coefficient (r) between the drain and the injured seed-
lings was 0.63. The portion of the injured seedlings for a sample plot was
1—10 %. The correlation was most intense between the top damages of
the seedlings and the volume of the drain (r = 0.68), but tilting seedlings
were also found more after increased drainage. The reason for the effect
of the drain seemed to be in the moving and loading of the timber, but not
so much in felling.

The amount of undamaged seedlings was at most 93 % and at least
76 % of total number of spruces. Usually the damaged or injured seed-
lings were slightly smaller than the other spruces in the sample plot. The
difference was, however, clear only in such sample plots, where there
grew along the ditch margins natural spruces which were bigger than the
other seedlings.
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Table 2. The distribution of the injured and damaged spruce seedlings in
the final felling of the pubescent birch stand according to the type and
cause of the injury.

Type of injury  Top injury Bark injury Tilted Fallenor Inall

broken
spruces’/ha 28 23 44 212 307
% of seedlings 1.4 1.2 22 10.8 15.6
% of injuries 9.1 7.5 14.3 69.1 100
Cause Felling Loading Machine Machine In all
frame wheels
spruces/ha 34 20 98 155 307
% of seedlings 1.7 1.0 7.9 5.0 15.6
% of injuries 11.1 6.5 31.9 50.5 100
Discussion

The research followed the development of the spruce seedlings which
had been planted or naturally regenerated in fertile peatland under a
30 years old pubescent birch stand in 1960’s. A fully stocked birch stand
(about 2 000 stems/ha) was treated by different grades of thinnings 8 and
18 years after the spruces had been planted. In 3 sample plots the spruce
stand was released 22 years after planting and in ten sample plots after
27 years. The overstorey was measured after the first thinning at five
year intervals and the understorey spruce stand 22 and 27 years after
planting.

The development of the planted understorey spruces were slow during
the first 20 years. When the growth stagnation period ended the spruces
were about 1.5 m high and about 20 years old. After that time the
development of the height and diameter of spruces depended clearly on
the density of the above growing birch stand. In a heavily thinned birch
stand the height of the spruces 27 years after planting was almost double
compared to an unthinned stand. During the last 5 year period the height
increment was highest in a heavy thinning stand (400—500 birches/ha;
40 cm/year), in comparison a released spruce stand was 25 % lower. The
temporary stagnation of the height increment in a released spruce stand
has been observed earlier among others by Cajander (1934), Skoklefald
(1967), Bergan (1971), Heikurainen (1985) and Koistinen & Valkonen
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(1993). Eriksson (1976), Bergan (1987) and Tham (1988) have observed
that a released spruce stand grows after a 2—5 years” stagnation even
faster than a spruce stand which has grown free from the beginning.

The diameter increment of spruce reacts to the thinning of the birch
stand in the same way as height increment, but the diameter increment of
the released spruces was clearly higher than that of the understorey. No
injuries were observed in the released spruces caused by the sudden inc-
rease of light. Perhaps the spruces have grown accustomed to more light
during the leafless time of the birch, so the removal of the overgrowing
trees did not cause too great a change in lighting (Saarinen 1995). During
the measuring period there were not observed any frost damages, either,
which could have taken place in connection with wider-scale fellings.

The development of the natural spruces was faster than that of the
planted ones. The reason was probably their location in better site condi-
tions close to ditches and, on the other hand, their more advanced stage
of development. When the measurements were started the natural spru-
ces were on an average higher than the planted ones. The density of the
pubescent birch stand influenced the development of both the planted
and the natural seedlings in the same way.

In the densest natural seedling stands spruces were damaged during
the measuring period, but the mortality did not depend on the density of
the birch stand. The spruce seedlings were mostly healthy and had a good
stem. During the first years after the second thinning of the birch stand
the spruce tops were of poorer condition in the dense birch stands than in
the thinned ones. At the same time occurred the exceptionally cold win-
ter of 1986—87 with deep soil frost, which have been found to have
weakened the growth and health of tree stands especially on peatlands.
The influence of the density of the birch stand on the quality of the spru-
ces seemed temporary, because the differences in the condition of the
crowns diminished during the second measuring period.

The yield of a heavily thinned pubescent birch stand was during the
measuring period 3.2 m*/ha/year and 4.1 m*/ha/year in a slightly thinned
or unthinned stand. The earlier incomes in thinned and the mortality in
unthinned birch stands cause the fact that there are no great differences
in the profitability between the treatments of the pubescent birch stands
in spite of the differences in growth. For this reason the effects on the
development of the undergrowth spruces can be taken flexibly into ac-
count when treating the above growing pubescent birch stand. A dense
overgrowth birch stand slows clearly the height and diameter develop-
ment of the spruce seedlings. On the other hand, not even an unthinned
birch stand is an obstacle for the establisment of a spruce seedling stand
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— the spruces just develop slower and because of the higher volume of
the drain it may be technically more difficult to release the seedling stand,
compared to a sparse birch stand.

The amount of the spruce seedlings which were damaged on the expe-
rimental sample plots depended on the amount of wood removed from
the birch stand. The damages and light injuries to spruces in the felling,
moving and loading of wood increased with higher volume of the drain.
The total amount of the damaged and injured spruces was 230—500 seed-
lings/ha. The felling which was done at summer time with chain saws
succeeded very well, when the birches were directionally felled so that
their tops hit as often as possible on the logging road or over a ditch. The
fallen and broken spruces occurred almost without an exception on the
tracks of the forest tractor or between them. The proportion of the dama-
ged seedlings (15 %) corresponds to the about 4.5 m wide area of the
logging road on the sample plots, the width of which was on average
32 m. There were less damages on those sample plots where the ditch
margins had become stocked with seedlings better than the average and
more on those where there were supplementary spur roads or turning
places for the logging machine.

In the research of Peltoniemi (1991), the mature shelterwood was re-
moved, half of which were spruces. When felling machines were used,
19—26 % of the seedlings were injured, in the combination of machine
and men 26 %, and with manual logging 11—23 % of the seedlings. In
Maukonen’s (1987) research 33 % of the understorey spruces were inju-
red in manual logging, when the average outturn of the overstorey was
133 m’/ha, birches constituted about half and pines and spruces a quarter
each. The reason for the better result in a pubescent birch stand may be
that the branches of initially very dense pubescent birch stand, are slen-
der and stems smaller compared to e.g. researches, where a falling tree
and the logging waste were the most common causes of injury. Also, the
use of ditch lines in directional fellng can diminish injuries on peatland.

According to Mielikdinen and Valkonen (1994) the release of a spru-
ce stand must not be hastened. It is worthwile to thin a youngish dense
birch stand which is growing above a spruce seedling stand in order to
increase the yield of birch, but to avoid heavy thinnings in a mature birch
stand. In the pubescent birch stands on peatland the amount of veneer
stems remains small and it didn’t increase after thinning (Niemist6 1991).
Even if the overstorey birch stand would produce only pulpwood, it is
probably not worth removing from above the spruce stand before its own
economical rotation is closed at the age of 60—70 years. The situation is
different if the age gap between the birch and spruce stands is so small
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that the spruce tops have time to rise between the living crowns of the
birches and then the birches can whip the spruces (Leikola & Rikala
1983, Heikurainen 1985). Then it is worthwhile to thinn the birch stand
heavily and if necessary, to remove the trees earlier than in a correspon-
ding pure birch stand.
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A silver birch forest near Rovaniemi ten kilometers to the south of the
arctic circle. The clear cutting area of 104 hectares was burnt 40 years
ago. The birch was regenerated in a natural way. The soil .is in a
healthy condition because of the burning and the new leaf fall every
autumn. Photo Jukka Valtanen.
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