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PREFACE

This report concerns research carried out
jointly by the Forest Research Institute
research station at Pyhäkoski and Kajaani
Oy in conjunction with the Department of
Botany at the University of Oulu. In view
of the poor results obtained from forest
planting in parts of Northern Finland, the
Forest Research Institute has undertaken an
extensive project aimed at examining the
environment into which the seedlings are
planted, laying principal emphasis upon the
study of the effects achieved by the use of
various forest improvement methods. The
experimental forest at Kivesvaara, near Pal-
tamo, is used for the study of both the physi-
cal properties of the soil and also its nutrient
content. As part of the latter topic, the
amounts of nutrient present in the wood
harvested and in the logging residues before
any further treatment of the land were
determined. The source material for the
figures and tables presented here is to be
found in the author's Licenciate thesis lodged
at the Department of Botany, University of
Oulu.

This research into the effect of cutting on
nutrient status was undertaken on the
initiative of Dr. Heikki Haapala in spring
1974. The assistance of LuK Ritva Hiltunen
was obtained in the measurement of the dry

weight of the bole wood and the bark
percentages, while Mr. Aaro Kubin helped
in the organisation of the material and LuK
Martti Löytynoja was responsible for the
computer processing of the data. The mineral
analyses were carried out at Kajaani Oy
under the direction of FM Timo Kopperoi-
nen, and the bole wood volumes were sim-
ilarly measured by this company. The
measurement of the volumes of waste wood
and the nutrient analyses were performed by
the author himself. Advice on a number
of difficult problems was received from MMM
Jukka Valtanen. The manuscript was typed
by Miss Raija Seppä and translated into
English by Mr. Malcolm Hicks. Financial
assistance is acknowledged from the Society
of Forestry in Finland.

The manuscript has been read through at
various stages by Prof. Paavo Havas and
Assoc. Prof. Seppo Eurola, of the Depart-
ment of Botany, University of Oulu, and
by Prof. Matti Leikola of the Forest Research
Institute, all of whom have contributed
large numbers of valuable comments. To
all the persons and institutions mentioned
above I offer my sincerest thanks, and also
to my wife Irmeli Kubin, who has assisted
and supported me throughout this work.

Oulu, March 1976
EERO KUBIN
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1. INTRODUCTION

Clear cutting is an operation which has
far-reaching consequences for the biology of
a forest, for it involves the removal from
the area of a considerable proportion of the
phytomass and nutrients accounted for by
the trees, while some of the nutrients remain-
ing may be subject to rapid mobilization.
Run-off from the area increases markedly in
the years following the cutting, carrying with
it large amounts of soluble nitrogen com-
pounds etc., depending on the type of
forest (BORMAN et al, 1968, LIKENS et al.
1969 b, BORMAN and LIKENS 1969, TAMM
et al. 1974, WIKLANDER 1974), and this
leaching affects the stimulatory action of a
number of micro-organisms, in particular the
nitrification bacteria Nitrosomonas and Nit-
robacter (LIKENS et al. 1969 a). The changes
in litter composition and the rapid extraction
of certain nutrients (VIRO 1955, MIKOLA
1955, NYKVIST 1959) and also the action
of various decomposing and disintegrating
agents (MIKOLA 1957, 1960) obviously serve
to promote this overall leaching effect. The
nutrients released by decomposition and
bacterial action serve to promote seedling
growth, so that when whole-tree harvesting
is employed less nutrients remain behind,
and this obviously leads to a reduction in
the growth potential of the seedlings and
also in the mobilization of the nutrients.

Approx. 50 mil. m3 (solid measure) of
bole wood, including bark, are harvested
from the forests of Finland every year, of
which spruce accounts for approx. 20 mil.
m3 with bark (METSÄTILASTOLLINEN . . .
1973). This annual harvest represents 20
mil. tons of wood (dry weight), a further
13 — 14 mil. tons (dry weight) being left in
situ in the form of waste wood, bark and
needles, this latter being composed of ap-
prox. 15 % bole wood with bark, 55 %
branches with bark and needles, and 30 %
stumps with bark (HAKKILA 1972 b, 1974 b,

HAKKILA et al. 1975). A large amount of
research has gone into the possibility of
harvesting this waste material in Finland
(MÄKINEN 1965, HAKKILA 1972 a, 1972 b,
1973, 1974 a, 1975 b, HAKKILA and MÄKELÄ
1973, HAKKILA et al. 1975, MÄKELÄ 1975).

TAMM (1969) has shown that heavy
thinning of the forest on soils poor in nut-
rients may lead to a nutrient loss requiring
compensation by fertilization, while with the
increasing practice of whole-tree harvesting
and the exploitation of logging residues
many studies have drawn attention to the
nutrient loss involved (NYKVIST 1971, 1974,
WEETMAN and WEBBER 1971, MÄLKÖNEN
1972, 1973, 1974 a). The consequences of
the harvesting of logging residues have also
been examined from a number of other
points of view in addition to that of the
effect on the nutrient reserves of the forest,
including the effect upon the germination
and early development of seedlings (LEI-
KOLA 1974 a), upon the difficulty of refore-
station (APPELROTH 1974), upon destructive
animals (LÖYTTYNIEMI 1974) and upon the
vital conditions of forest-pathogenic and
edible mushrooms (HINTIKKA 1974). The
consequences for the multiple use of forests
have also been discussed (KELLOMÄKI 1974).

The present work is an extension of pre-
vious research into the nutrient ecology of
the soil in the Kivesvaara experimental
forest (KUBIN 1975). The aim is to obtain
an impression of the amounts of nutrients
remaining in the experimental plots after
cutting, and thus to enable a more accurate
interpretation to be made of the results of
soil nutrient analyses. Although this work
is centred upon the Kivesvaara forest, it
may also be seen as a contribution to the
discussion of the general problems associated
with the effects of whole-tree harvesting
upon the nutrient status in forests.



2. THE STUDY AREA

In the phytogeographical zonation of Fin- Ostrobothnia-Kainuu forest zone (see KA-
land, the experimental forest lies within the LELA 1962, KALLIOLA 1973: 181). The

Table 1. Location and relevant characteristics of the forest studied. Climatic data after KOLKKI
(1966) and HELIMÄKI (1967), soil properties from KUBIN (1975).

Taulukko 1. Tutkimusmetsän sijainti ja erityispiirteet. Ilmastotiedot KOLKIN (1966) ja HELIMÄEN (1967),
maaperän ominaisuudet KuBiNm (1975) mukaan.

VARIABLE - OMINAISUUS

GEOGRAPHICAL LOCATION - SIJAINTI
Coordinates — Koordinaatit:
Height above sea level:
Korkeus merenpinnasta:

CLIMATE - ILMASTO
Mean annual temperature:
Vuoden keskilämpötila:
Growing season:
Kasvukausi:
Effective temperature sum:
Tehoisan lämpötilan summa:
Rainfall — Sademäärä:

SOIL PROPERTIES - MAAPERÄ
Raw humus horizon (mor):
Raaka kangashumuskerros:
Eluvial horizon (Ax):
Uutcmaakerros (A x) :
Illuvial horizon (B):
Rikastumiskerros (B) :
Mineral substrate:
Maalaji:

FOREST PROPERTIES — PUUSTO
Age — Ikä:
Spruce — Kuusi:
Pine — Mänty:
Deciduous pulpwood species:
Lehtipaperipuu :
Average diameter at stump height:
Kannon keskim. halkaisija:
Weighted average for diameter at base of
stump:
Kannon pohjap.-alalla punnittu keskiarvo:
Depth of root penetration:
Juurten esiintymissyvyys:

VALUE -ARVO

N 64°28' E 27°33'
200 — 210 m, supra-aquatic
200 — 210 m, supra-akvaattinen

Kajaani 1.9° C, Vaala 2.2° C

149 days at Kajaani and Vaala
Kajaani ja Vaala 149 vrk
Kajaani 1033.0 d.d., Vaala 1050.7 d.d.

Kajaani 564 mm, Vaala 525 mm

6.7 cm

13.0 cm

23.7 cm

Fine sandy till
Hietainen hiekkamoreeni

137 yrs - 137 v.
110.5 solid m3/ha — 110.5 k-m^jka (95.4%)
4.5 solid m3/ha — 4.5 k-m^jha (3.9 %)
0.8 solid m3/ha (0.7 %)
0.8 k-m3/ha (0.7 %)
20.6 cm (n = 79)

22.1 cm (n = 79)

0 — 70 cm
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dominant forest type is VMT (Vaccinium-
Myrtillus), but with certain features typical
of the^Peräpohjola forest zone (KUBIN 1975),
the ecological charcteristics of whose spruce
forests have been studied principally by SI-
REN (1955) and HAVAS (1971). No corres-
ponding research has been carried out on
the Kainuu region. The principal data for
the Kivesvaara forest are set out in Table 1.

According to SAURAMO (1926), the highest
shore-line at Kivesvaara runs at 178 m. The
differences in climate between this site and
the meteorological stations at Kajaani and
Vaala are due to its elevation and open hill
conditions. Kajaani lies approx. 15 km
south of Kivesvaara and Vaala approx. 40
km west. The mean annual temperature for
this forest site is lower than at either of the

meteorological stations, the snow cover is
deeper and it lasts for longer in the spring.
The soil at the site is a well-defined, well
developed podsol type with underlying till.
The forest is approx. 140 years old, and has
a growing stock of 115.8 solid m3/ha, 95.4 %
of which is spruce (Picea abies). A figure
has been obtained for the diameter at stump
height, based on the average for all stumps
in a sample area of 10 ares. HAKKILA (1972 a)
maintains that the diameter at breast height
amounts to 0.75 of that at stump height.
This would give an average dbh figure of
17 cm. It is estimated that 75 % of the
stumps are more than 15 cm across. The
Kivesvaara forest has a volume of growing
stock above the average for forests of cor-
responding age in the Kainuu and Northern
Ostrobothnia districts (TIIHONEN 1966: 24).



3. RESEARCH MATERIAL AND METHODS

3. 1. Field work the various components of the logging
residues were compiled in the summer of

The forest was felled during the winter 1975, and at the same time samples were
of 1973 — 74. Estimates of the quantities of taken for the nutrient analyses. In view

Boundary of forest sector
(diagrammatic)

Site for determination
of mineral composition
of bedrock

Ditch direction of flow
and measurement wier

Spruce forest

20 year-old pine forest

0 28 56 84 112

Fig. 1. Location of the plots studied for the determination of logging waste within forest sectors 1 — 5,
and the sites used for the study of the mineral composition of the bedrock. The sectors are divided
into strips by ditches, and these strips were treated after cutting according to the following code: M —
forested strip, 0 — no treatment after clear cutting, L — scalped strip, A — heavy reforestation plough,
K — complete turning of the soil.

Kuva 1. Hakkuujätteen määrittämiseksi tutkittujen näytealojen sijainti lohkoilla 1 — 5 ja kivilajikoos-
tumuksen tutkimispaikat I — IV. Lohkot ojitettuna koeruutuihin, joiden maankäsittely suoritettiin hak-
kuujätteen määrän tutkimisen jälkeen. M — metsäruutu, O — paljaaksihakatlu käsittelemätön ruutu,
L — laikuteltu ruutu, A — aurattu ruutu ja K — täysmuokattu ruutu. — — — = metsän raja, • =
tutkittu näyteala, # = kivilajikoostumuksen näytepiste, —t—->- = oja, vedenvirtaussuunta ja mittapato,

= tie, ? = kuusimetsä, A
A. = 20 vuotiasta männikköä.
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of the very high proportion of spruce in the
forest, attention was concentrated exclusively
upon the phytomass and nutrient intake of
this species.

The choice of plot for study was made at
random at four different size levels. The
sectors of the forest were divided into plots,
which were numbered in sequence (cf. Fig.
1). Eleven areas of one are each were then
chosen from within these, and finally five
quadrats of 1 m2 were selected from each
of these. The branches, unmarketable tops
of trees and cones were weighed. The dry
weight of the branches was determined by
dividing the material into three samples and
drying each for a minimum of 12 hours at a
temperature of 105° C. The quantities of
needles and small, broken twigs were estima-
ted from five randomly selected squares of
10 x 10 cm within each quadrat. A specially
constructed frame was employed to remove
the surface of the moss layer (Fig. 2), from
which the needles and twigs were removed
after drying. This enabled the dry weight
per m2 to be calculated. The figure obtained
for logging waste is thus based on a total
of 55 such quadrats, the quantities of twigs
and needles being evaluated from 275 squa-
res of 10 x 10 cm.

About half a year had elapsed between
cutting and the estimation of the phyto-
mass, and obviously decomposition must
have set in during this time, and may even
have had a considerable effect on the total
weights, especially in the case of the needles.
Thus in order to establish the difference in
nutrient content between the needles obtain-
ed from the waste branches and those on
living trees, samples from standing trees were
also examined.

The figure for the volume of marketable
bole wood, i.e. the timber taken for process-
ing, was obtained directly from Kajaani Oy,
expressed in solid cubic metres. No attempt
was made to measure the volume accounted
for by stumps and roots, but the phytomass
involved in these could be estimated from
the literature, employing the known volume
of stem wood in the experimental plot. The
average age of the trees was calculated from
the annual rings of the stumps, with the
addition of 12 years to each count. The
average diameter at stump height is based
on the measurement of the stumps in each

Fig. 2. An experimental plot in the summer follow-
ing cutting. A 1 m2 and a 10 X 10 cm quadrat
frame are shown. The majority of the needles
had fallen during the late winter and early summer.
Photograph: Eero Kubin.

Kuva 2. Koekenttää hakkuun jälkeisenä kesänä.
Kuvassa näkyy neliömetrin ja 10 X 10 cm:n kehi-
kot. Valtaosa neulasista on varissut kevättalven ja
alkukesän aikana. Kuva: Eero Kubin.

one are plot studied. The basic density of
the wood was determined for the base of the
bole wood, at 4 m and at the tree top.

Samples from the logging residues were
also dried for nutrient analysis, those from
the bole wood being taken from the base
and from heights of 4 m and 8 m. Samples
were also taken from roots of various thick-
nesses in each sector of the forest. Needle
samples were gathered from standing trees at
a time corresponding to the felling date
during the following winter.

3. 2. Laboratory tests

Nutrient analyses were performed during
the winter of 1975 on the material collected
the previous summer. These involved eval-
uations of N, P, K, Ca, Mg, Fe and Mn,
and also ash content. Separate analyses were
carried out for the bark and the wood proper.

1 g from each oven-dried, finely crushed
sample was weighed into a porcelain crucible
and burned for 4 hours in a muffle furnace
at 450° C. It was then cooled for half an
hour in an exicator, and the weight of ash
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determined. To this 5 ml of 20 % HC1
were added and the sample filtered directly
into a 100 ml measuring cylinder, the crucible
being rinsed with hot water. Nutrient ana-
lyses were carried out on this solution using
a PERKIN-ELMER atomic absorption
spectrophotometer for K, Ca, Mg, Fe and
Mn and a HITACHI MODEL 101 spectro-
photometer for P, by colour reaction (KORO-
LEFF 1968). For the determination of cal-
cium the sample was adjusted to a 1 %
lanthanum oxide concentration in order to
eliminate interference factors. Total nitrogen
was determined from fine material passed
through a 0.02 mm mesh sieve after KJEL-
DAHL. Altogether 24 such total nitrogen
analyses were performed in the laboratory
of the Department of Hydraulic Engineering
of the University of Oulu. Each of the other

nutrients was studied in 154 experiments in
the Department of Botany, University of
Oulu. Mineral determinations were carried
out on bedrock samples in the laboratories
of Kajaani Oy in Kajaani.

The material was compiled by first devising
a coding system applicable to the data and
then by transfering the data onto coding
forms and preparing punched cards. The
first stage in the processing of the results
was to calculate the statistical distribution
of the material. It was after this that the
phytomass of the stumps and roots was
estimated from references in the literature,
and once this and other basic data had been
checked it was possible to calculate the total
biomass and the nutrients contained in it
in kg/ha. A computer was employed for
these calculations.



4. RESULTS

4.1 . Distribution of dry matter in the
spruce

In order to determine the dry matter
content a small number of samples were
taken for measurement of the basic density
of the wood (Table 2). In these calculations
the density is expressed as the weight of
completely dry material per unit volume,
where volume is determined in the fresh
state. No significant differences are en-
countered between the results obtained with
the wood in a fresh state and with it in a
saturated state (HAKKILA 1966). No account
was taken when perfoming these measure-

ments of the distinction between wood
samples obtained in the spring and summer,
nor of whether the samples originated from
the surface or the heart of the tree. A certain
optimum growth rate has been noted in
conifers, at which the densest wood is formed,
while at the same time wood of different
densities is to be found at different distances
from the heart of the tree (JALAVA 1952).

The density was found to diminish in the
present samples from the base of the tree
to the top, a result which conforms with
those of JALAVA (1952) and HAKKILA (1966).
Wood is generally found to be denser in

Table 2. Basic densities of wood and bark in kg/m3, thickness of bark and percentage of total dry
weight. The basic densities are based on the averages from two readings.

Taulukko 2. Puun ja kuoren tilavuuspaino kg/m3, kuoren paksuus ja osuus prosentteina kuivapainosta.
Tilavuuspaino perustuu kahden määrityksen keskiarvoon.

Component

Komponentti

Butt wood — Tyvipuu
Bole wood 4 m
Runkopuu 4 m
Bole wood 8 m
Runkopuu 8 m
Tree-top waste at lowest point
Latvahukkapuu tyvi
Tree-top waste at diam. 3 cm
Latvahukkapuu halkaisija 3 cm
Roots at diam. 3 cm
Juuret halkaisija 3 cm
Branches at diam. 2 cm
Oksat halkaisija 2 cm

Average for bole wood
Keskiarvo runkopuusta

Wood — Puu

Wood with
bark kg/m3

Kuorineen
kgjm3

460
430

420

440

Wood
kg/m3

Puuaines
kg{mz

460
420

400

430

Bark — Kuoret

kg/m3

560
610

600

590

As % dry
weight

% kuiva-
painosta

13.4
10.1

9.5

15.5

21.1

38.9

30.4

13.9

Thickness cm

Paksuus cm

0.7
0.3

0.3

0.2

0.4
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forests of the MT and VT types, denser in
the north than in the south, and denser
with increasing age (LASSILA 1930, HAKKILA
1966, 1968), while that forming in areas of
planted forest tends to be lighter (HAKKILA
and UUSIVAARA 1968). The figure of 440
kg/solid m3 obtained for Kivesvaara would
thus seem logical, being higher than that
obtained by HAKKILA in Southern Finland,
though even in the latter area about 30 %
of cases were of the order of 400—450 kg/
solid rr;3.

The percentage of bark by weight is a
measure of the dry weight of the bark as a
percentage of the total dry weight of wood
with bark (HAKKILA 1967). HAKKILA (1967)
reports figures of 8.4 % for sawlogs, 10 %
for pulpwood and 20.6 % for logging residues
from the tree tops in Southern Finland.
The sets of results conform well (Table 2),
especially when one remembers that the
bark of spruce increases in thickness towards
the north of the country (ILVESSALO 1965).

4 .1 .1 . Aerial phytomass

The aerial phytcmass of the tree may be
divided into two parts in respect of their
commercial value, the marketable bole wood

and the waste wood. The conventional
harvesting process yields marketable bole
wood which includes the whole trunk of the
tree with the exception of the tree-top
residue. The bole wood from well-developed
forests is utilizable commercially for two
timber assortments, sawlogs and pulpwood.
The waste wood comprises the tops of the
trees, the branches, needles and cones.
Averages and ranges of variation for the
amounts of the various types of logging
residue are presented in Table 3.

The branches form the principal component
of the logging residue, while approx. three
times the amount of needle litter is deposited
in the felling area compared with the waste
wood from the tree tops. The proportion
of cones is the smallest of all, but even so
exceeds 600 kg/ha. The uneven distribution
of these types of logging waste may be
appreciated from the statistical range figures
in the Table, there being some places where
no logging waste is to be found, and others
with large piles of branches.

The distribution ot tha aerial phytomass
between marketable bole wood and waste
wood is depicted in Table 4. The aerial
harvesting residues amount to 34,748 kg/ha,
or 71.5 % of the figure for marketable bole

Table 3. Amounts of logging waste, their statistical range (s), coefficient of variation (C) and number
of observations (n). The three different values for branches were obtained using different samples

for the dry weight determinations.

Taulukko 3. Hakkuujätteen eri osien määrä, hajonta (s), variaatiokerroin (C) ja havaintojen luku-
määrä (n). Oksien kolme erilaista arvoa on saatu kuivapainomäärityksiin käytetyistä erilaatuisista näytteistä.

Componcn

Komponentit

Bole wood at top — Latvarunkopuu
Branches 1 — Oksat 1
Branches 2 — Oksat 2
Branches 3 — Oksat 3
Average br. 1 — 3 — Keskiarvo 1 — 3
Twigs — Pikkuoksat
Needles — Neulaset
Cones — Kävyt
Total — Yhteensä

Average kg/ha

Keskiarvo kglha

2960
19878
20921
22751
21183
3042
6888

638
34711

s

5864
15818
16299
17967
16489
2241
6226
1330

C

198.1
79.6
77.9
79.0
77.8
73.6
93.3

208.6

n

55
55
55
55
55
55
55
55
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wood. Of the latter, 66 % is accounted for of the total phytomass, and are equivalent
by material suitable for sawlogs and 8 % to 164 % of the underground phytomass.
by bark. Sawlogs and their bark account The overall effect of cutting was to remove
for 43 % of the aerial phytomass and 34 % 46 % of the total phytomass, or 58 % of

Tab]e 4. Distribution of aerial phytomass into marketable bole wood and waste wood. In each case
the total is given first and then subdivided into types. The stump is considered underground waste

wood.

Taulukko 4. Maanpäällisen fytomassan jakaantuminen hyötyrunkopuun ja jätepuun kesken. Molem-
missa on ylinnä esitetty kokonaismäärä ja alla jakautuminen eri osien kesken. Kanto on laskettu maan-

alaiseen fytomassaan.

Percentages — %-osuudet

Phytomass of under-
Component kg/ha o f t o t a l

 o f a e n a l ground of marketable
, phytomass , , , ,

Komponentti Fytomassa phytomass r J phytomass bole wood
kg/ha Kokonais- Maanpäälh- Maanaiai_ Hyötyrunko-

r . . sestä fytomas- . , . .
fytomassasta JJ sesta fytomas- puusta

sasta ,
sasta

Marketable bole wood 48618 46.1 58.3 220.8 100.0
Hyötyrunkopuu
Sawlogs 32150 30.5 38.6 146.0 66.1
Tukkipuun puuaines
Pulpwood 10877 10.3 13.1 49.4 22.4
Paperipuun puuaines
Sawlog bark 3973 3.8 4.8 18.0 8.2
Tukkipuun kuori
Pulpwood bark 1618 1.5 1.9 7.4 3.3
Paperipuun kuori

Waste wood 34748 31.0 41.7 157.8 71.5
Jätepuu
Tree-top waste wood 2305 2.2 2.8 10.5 4.7
Latvarunkopuun puu
Tree-top waste bark 654 0.6 0.8 3.0 1.4
Latvarunkopuun kuori
Branches (wood) 14743 12.0 17.9 66.9 30.3
Oksien puu
Branches (bark) 6444 6.1 7.7 29.3 13.3
Oksien kuori
Twigs with bark 3041 2.9 3.7 13.8 6.3
Pikkuoksat kuorineen
Needles 6888 6.5 8.3 31.3 14.2
Neulaset
Cones 673 0.6 0.8 3.1 1.4
Kävyt
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the aerial phytomass, equivalent to double
the weight of the root phytomass, or 221 %.

Within the category of logging waste, the
branches with their bark accounted for
21,187 kg/ha, or 60 % of total residues. This
is equivalent to approx. 20 % of the total
phytomass, 25 % of the aerial phytomass,
approx. 93 % of the underground phyto-
mass and approx. 44 % of the marketable
bole wood. We thus see immediately that
the weight of branches remaining as logging
residue is equivalent to almost a half (44 %)
of the amount of timber harvested. The
branches with their needles represent app-
rox. 80 % of the total logging waste, with
the remainder made up of approx. 9 %
broken-off twigs or small branches a few
centimetres in diameter, 8 % tree-top residues
and approx. 2 % cones.

To sum up, it is seen that the aerial residues
created by cutting and left in the forest
constitute 31 % of the total phyiomass (the
proportion harvested being 46 %) and 42 %
of the aerial phytomass. This waste repre-
sents approx. 1.5 times the underground
phytomass (158 %), wrhile the proportion har-
vested amounts to approx. twice the under-
ground phytomass, or 221 %.

4 . 1 . 2. Underground phytomass

An estimate was obtained for the amount
of material accounted for in stumps and
roots on the basis of data obtained elsewhere
and employing the known figure for bole
wood at Kivesvaara. HAKKILA (1972 a)
maintains that the root system of the spruce
is more extensive in Northern Finland than
in the South, while KALELA (1949) states
that the root system of this species exceeds
that of pine only in fully mature forests.
It has been calculated that 60 % of the
length of spruce and pine roots consists of
roots of less than 1 mm in diameter, 25 %
of 1—2 ram and approx. 15 % of over 2
mm. According to NYKVIST (1971) a forest
containing twice the phytomass of that at
Kivesvaara contains roots of under 0.5 mm
equivalent to 2 % of the biomass of the
bole wood, while MÄLKÖNEN (1974 b) reports
that the root system of a 42-year-old pine
tree contains roots of less than 1 mm in

diameter amounting to 6 % of the dry
wreight of the trunk.

Roots of diameter over 5 cm represent
29.7 % of the dry weight of the bole wood
with bark in Northern Finland (HAKKILA
1972 a), 34 % of this figure being accounted
for by the stump and 66 % by the roots
themselves. Similarly, roots of thickness
1—5 cm account for a third of the total
volume of the stump plus roots in the pine
(MÄLKÖNEN 1972). The latter figure, together
with the results of HAKKILA (1975 a), enable
the amount of roots of thickness 1—5 cm
to be determined, the proportion of bark
within the dry weight of these being 38.» %
(Table 2). The amount of roots of diameter
less than 1 mm is estimated to be equivalent
to 2.5 % of the dry weight of the trunk at
Kivesvaara. The estimates for the under-
ground phytomass including stump are pre-
sented in Table 5.

Up to the present time industrial exploita-
tion of stump and root material has generally
only been common practice in the Soviet
Union, the United States and Poland, and
m these cases it has been largely a matter
of the use of old resinous pine stumps for
chemical extraction. Advances have been
made in Finland during the last few years
towards the elimination of the difficulties
involved in the commercial exploitation of
stump and root material, so that the use
of pine and spruce stumps may now be
said to be technically and economically
feasible (HAKKTLA 1972 a, 1975 b, HAKKILA
and MÄKELÄ 1973). In this case, however,
only roots of over 5 cm can be employed.
The volume of wood contained in the stump
is dependent to a large extent upon the
height at which the trees are felled, especially
since a half of the volume of wood is con-
tained in the lowermost quarter of the
length of the trunk (LAASASENAHO 1975). A
considerable amount of root material, some
several thousands of years old, is to be
obtained as a by-product of the exploitation
of peat bogs for fuel etc.

The phytomass of the stumps and roots
at Kivesvaara amounts to approx. 22,000
kg/ha (Table 5), the proportion accounted
for by the stumps being approx. 24 % and
that of the exploitable roots of diameter
5—20 + cm almost one half. The stumps


