Ecological changes in the soil
Water management of the soil

In the chapter on precipitation and its distribution in the two parallel
stands investigated it was found that the rain finally reaching the ground
cover is distributed in quantitatively varying fractions, depending on the
kind, density and structure of the first obstacle it meets, the crown canopy.
However, after the canopy the rain encounters further obstacles in the
shrub layer and ground vegetation. As the shrub layer is usually of
secondary importance in the North Finnish forests, we can concentrate
entirely on the latter obstacle. Ground vegetation, more or less varying
in composition and density, can therefore, as the top layer of the soil
cover, be considered the second impediment to rain. Interception by the
living ground vegetation is in principle the same as that by the crown
layer; some of the precipitation adheres to the leaves and branches, some is
absorbed. On sites with a thick moss carpet direct retention by the ground
vegetation may reach high proportions (cf. e.g. Stalfelt 1937 and
Kramer 1949). The ground vegetation, however, is soon saturated and
ceases to form an effective obstacle to ordinary rains. The rest of the
rain trickles down into the humus layer which often has an enormous
capacity for storing water depending mainly on its depth and structure.
A minor part, especially after a drought, may be taken up immediately
by the roots of trees and other plants, but the majority is stored in the
form of capillary water (as to the different types of capillary water see
Gradmann 1928, as quoted by Stalfelt 1944, p.58) and of
hygroscopic and other forms of bound water. As the surface tension of
water film varies greatly in dry and moist humus, the momentaneous
water absorption capacity also varies from case to case within fairly wide
limits. A special source of variation of the water absorption capacity
emerges from the air sealed in the capillaries in connection with sudden
and heavy rains after drought periods (cf. Heinonen 1954, p. 10).
The greatly varying uptake of imbibitional water is another factor
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obscuring the topical water absorption capacity. Fortunately the ground
cover was dry as dust only during four periods in the summer of 1950;
on all these occasions the intervening rainfall was very small and was
absorbed completely by the humus layer. As to the principles of water
absorption mechanics and ability see e.g. Kramer (1949, pp. 190—204)
and Heinonen (1954, pp. 12—17).

A special case of interception by ground cover is the surface water
left after very heavy rain. Surface water, however, is very seldom found
on ordinary moss-covered forest growing sites in North Finland. It forms
primarily in connection with thawing and after veritable torrents; some-
times, especially in broad-leaved forests with a densely matted water-
inhibiting leaf litter, it may in depressions in the ground amount to a not
insignificant percentage of the precipitation from heavy rains.! In such
exceptional cases direct evaporation from forest soil can be said to occur.

Torrents and prolonged heavy rains, however, result in general in a
more or less complete saturation of the humus layer. The water that cannot
be absorbed gradually seeps down into the mineral soil underneath and
is retained there. Some of it is gradually taken up by the roots present
in the mineral soil and the balance is stored in the capillaries of the root
zone for future requirements. Any surplus goes further in the form of
gravitational water into still deeper soil layers unless the so-called ground
water table lies immediately below the root zone.

* *
*

Water management of the soil has a special significance in soil science.
Its elementary importance for plants and for life as a whole has also given
birth to extensive literature on the plant and water relationship. Without
embarking on a detailed study of the literature available it may be pointed
out that in recent years in particular many valuable contributions on the
subject of soil water have enriched our knowledge of soil moisture relations.
An excellent general symposium, with numerous references, has been
compiled by Kramer (1949). In Finland, Heinonen (1954) has
recently studied the available water capacity of field under plough.
A similar investigation for forest soil partly dealing with the question
of soil water energetic conditions has been effected in Switzerland by
Richard (1953).

1 All rains exceeding 6 mm are called heavy rains. Kirwald (1944, p. 31)
advances a formula for »Starkregen» which has not been applied here.
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However, the present investigation was not planned to include a special
study of field capacity and permanent wilting point in North Finnish
moraine soils but rather to produce a synthesis of the factors affecting
the supply of soil moisture in the parallel stands. In other words, the
seasonal trend of the changes of the soil water content has been one of
the principal objectives. For this reason the distribution of soil water
into the various fractions of its use holds a certain interest. The water
balance of the root zone corresponds in the main to the »debit and credit»
of precipitation, interception, evapo-transpiration, stand transpiration
and gravitational seepage into the lower soil layers. This aspect of soil
water relationship too has been studied in detail by a large number of
researchers. Essentially concurrent views on the distribution of ground
water into various fractions are advanced by Raber (1937), Aal-
tonen (1940, 1948), Stalfelt (1944, Kirwald (1944) and
Kramer (1949). As Stalfelt’s investigation was concerned with
water management by spruce in conditions similar to some extent to those
of the present special study, his principles of distributing the soil water
into different fractions is the most suitable object of comparison.

Stalfelt divided the precipitation falling to the ground into three
fractions. Of these three, surface water, due to its unimportant role in
forests with a thick moss carpet, can be omitted. The incomparably more
important fractions consist of (1) precipitation intercepted by the ground
cover and evaporated, and (2) precipitation passing through the ground
cover and reaching the root zone. In Stalfelt’s quantitative deter-
minations of interception the ground cover comprises the living ground
vegetation, mainly mosses, and adherent litter material. Thus his root
zone evidently comprised both the humus layer and the topmost mineral
soil layers.

It was impossible in the present study of the water management of
the parallel sample plots to separate the living ground vegetation from
the humus without seriously impairing the normal water uptake of the
ground vegetation. For this reason the interception by the
ground cover has been extended to comprise the
retention both by the living ground vegetation
and by the underlying raw humus layer in the present
investigation. This re-grouping, mainly dictated by practical considerations,
also entails certain disadvantages that cannot be overcome. The raw
humus is usually exceedingly rich in roots of different kinds, in addition
to which it has a widely varying water absorption capacity. It is impossible,
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unfortunately, in determining the water exchange in even very large
cakes of humus that include ground vegetation to avoid the error that
arises e.g. from cut roots. Of special importance in this respect is the
part played by tree roots in water uptake. In order to avoid major cal-
culation errors in compiling the total water exchange in the soil the
transpiration by trees has been determined separately. The water
uptake of other deep roots (e.g. grass roots, ¢f. Kivenheimo 1947),
however, has not been calculated although e.g. with Deschampsia flexuosa
it is considerable. On the other hand it must be remembered that mosses
form a considerable part of the vegetation, and their water uptake from
the mineral soil is extremely small (cf. e.g. Stalfelt 1937).

The weight changes in the ground cover induced by water exchange
are due to alternating precipitation and evapo-transpiration. Precipitation,
usually in the form of rain (dew can be practically excluded, cf. p. 234),
increases the water content of the ground cover, primarily of humus, up
to a maximum governed by its kind and structure, i.e. brings about more
or less complete saturation. If the flow of water continues, surface water
may occur due to slow infiltration but usually the surplus quantity drains
off soon from the lower humus layers into the underlying mineral soil in
the form of gravitational water. Seepage downwards continues after the
rains and until field capacity is reached, i.e. until the surplus of the
gravitational water has drained away.

Evapo-transpiration, i.e. transpiration from plants and evaporation
from free water surfaces on leaves and branches, helps to reduce the total
weight of the ground cover, and with prolonged drought the water content
may drop to more or less specific minima for the various kinds of vegeta-
tion and for humus. In this connection it may be pointed out once more
that the amount of evapo-transpiration is a direct function of the climatic
conditions for evapo-transpiration only provided the water supply is
unlimited and uniform.! In forest communities this condition is practically
never met. In addition, it should be borne in mind that seepage starts
especially in dry-as-dust humus after smaller quantities of rain than in
fairly moist soil.

1 Evapo-transpiration is apparently an exponential function with the available
water as its parameter and the climatic conditions for evapo-transpiration as its argu-
ment (cf. Gradmann 1928 see Stalfelt 1944). Kramer (1949) puts this
as follows: »The amount of water vapor lost depends primarily on the steepness of the
vapor-pressure gradient from soil to air». Leighly’s view (1937) is similar to this
but he pays very great attention to the wind velocity as a characteristic of significance.
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In the experiments at Siulio station the moisture variation in the
ground cover was studied primarily by precipitation and evapo-transpira-
tion measurements. The direct weighing of humus cakes (including ground
vegetation) detached from the mineral soil and replaced fitted with a
fine-mesh metal net at the bottom reflected even slight shifts in weight
during short or prolonged time intervals. The method is described on
p. 170.

All the determinations were initiated immediately after the snow had
melted, a time when the ground cover could very probably be considered
saturated. Some smaller rains early in June, i.e. in the final phase of
snow melting, made it evident that this assumption was correct. In order
to check this standard for absorption capacity, five control weighings of
ground cover cakes were made after saturating heavy rains. The weight
at the start was verified in all cases.

Compilation of the weighing results into a continuous water exchange
curve for the vegetation period of 1951 was based largely on the experience
of seepage and absorption obtained from the preliminary experiments in
the summer of 1950. As weighings were not made daily in the summer
of 1951 indisputable objectivity could not unfortunately be achieved in
each individual case and the course of the curve has been interpolated
in some sections. The following description of the weighing procedure in
the spruce stand, to be read in conjunction with Fig. 66, may help to
illustrate the method.

Weighing started in the afternoon of June 7, some hours after the
morning rain, when there was no further sign of gravitational water
trickling off on lifting the humus cakes. The short interval between the
rainfall and weighing was justified by the volume of the large pores of
the raw humus, no less than approx. 50 per cent of the total volume.
The weighing result obtained, which indicated the field capacity of the
ground cover (the water content amounted to 76.0 per cent of the total
weight) was taken as the basis for the investigation of the water manage-
ment of the ground cover. Weight changes were now recorded every
second day, broadly speaking. Evapo-transpiration was taken to equal
the difference between two weighings provided there had been no interven-
ing precipitation. The rains, almost a daily routine, were of two types
with regard to the interception by ground cover: rains that were retained
in total in the ground cover, and rains that in part or entirely seeped
through. In the former case the increase in the weight of the ground cover
in kg/sq.m equalled the amount of rain in mm/sq.dm. The latter case



232 Gustaf Sirén 62.4

Weight of ground cover kg/sq.m
Maapeilteen paino, kg/m’

24t

22t

20

18}t

161

12}

10t

daily evapo-transpiration
—O— and weighing
4 pdivittdinen haihdunta

curve of total evapo-
== transpiration
2 haihdunnan summakdyra

8 10 2 14 % 18 20 22 24 26
June 1951 - Kesdkuu 1951

Fig. 66. An example of the method employed by measurement of evapo-transpiration
from ground cover in the spruce stand. The arrows indicate rain.

Kuva 66. Esimerkki kuusikon maapeitteen (kasvipeite 4+ humuskerros) haihdunnan
mddrityksessd kdytetystd menetelmdstd. Nuolet ilmaisevat sademddrdd.

was considerably more complicated. A definite saturation deficit, as a
result of a few days of fine weather with intense evapo-transpiration,
prevailed in the ground cover e.g. before the rains of jJune 11—12 (see
Fig. 66). This rainfall saturated both the ground vegetation and the
humus, and the surplus must have seeped through to deeper soil layers.
The lysimeters, found rather unreliable for quantitative determinations
(gave too low values, see criticism p. 170), also indicated that a certain
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seepage had indeed taken place but provided no clear indication of its
amount. The amount of seepage, therefore, was determined as the difference
between total precipitation under the crown layer in the spruce stand and
the amount of precipitation required to saturate the ground cover. Weighing
immediately before the fall of rain gave important support to this cal-
culation method. The next two showers were small enough to be completely
absorbed by the ground cover, especially as considerable evapo-transpira-
tion had occurred before they fell. The rain during the night of June 14/15
also had a relatively definite effect on water management, that is if deficit
can be considered quantitatively indisputable. The humus cakes were
weighed on the morning of June 14, and the course of evapo-transpiration
during the rest of the day was assumed to have been the same as
on the day before since the climatic conditions were largely similar, i.e.
relatively unfavourable for evapo-transpiration. The method of course
involves an error, though one which cannot in the present case be great;
it is definitely not more than 0.5 kg/sq.m, i.e. corresponding to 0.5 mm
of rain. As from June 15 the observations were numerous enough for a
highly satisfactory charting of the weight changes in the ground cover.
A difficult exception was the rainfall of jJune 24, after a fine weather
period of some 10 days. In spite of a couple of minor showers the ground
cover had had time to dry up considerably. Bearing in mind that the initial
weight on June 6 was approx. 24.s kg/sq.m, including some 18.3 kg of
water, it was self-evident that the total weight on June 24, approx. 17.2 kg,
contained only 11.2 kg of water; in other words, the water content had
fallen by over a third. It would have been natural to assume that the
rain had been absorbed by the ground cover almost completely. But this
was not the case. In this instance the lysimeter readings definitely indicated
a seepage of not less than 2.0 kg/sq.m. Considering that only insignificant
evapo-transpiration can have occurred during the night June 24/25, it was
obvious that there had been insufficient rain to saturate the ground cover.
The rains in the night June 25/26 and on the morning of June 26 followed
one another so closely that there could hardly have been any appreciable
evapo-transpiration in the interval. On the morning of June 27 the ground
was again wet through; the weight determination gave the same initial
weight for the ground cover as on June 7, i.e. the ground cover was
saturated.

However, rain was not the only form of precipitation. During the
diurnal period of special measurements, June 21, the humus cakes were
found to have increased in weight in the course of the night. The cause
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lay in the dew formation in the spruce stand that night. In the birch
stand, on the other hand, there was only local dew formation; presumably
the fresh leaf canopy constituted a sufficiently effective shield against
outgoing radiation. Purely quantitatively the dew was of little impor-
tance, the equivalent of an insignificant 0.. mm of rain. In spite of dew
on several nights, especially in the late summer, this factor can be more
or less completely excluded at least during early and high summer owing
to its slight importance compared with the numerous and heavy rains.

The method employed in the present investigation in studying the
water management of ground cover has certain inherent weaknesses. These
might possibly have been obviated had the lysimeter method applied by
Stalfelt (1944) or the evaporimeter method recommended by
Thornthwaite & al. (1951) been employed. The above examples
(Fig. 66) show, however, that the errors could not be very great in practice.
Where, after deliberation, interpolation was resorted to it was based on
the intensity of evapo-transpiration during similar special recording days,
days preceding or succeeding them or that were otherwise similar. In
addition, evaporation and vapour pressure deficit supplied good parallels
for checking individual cases. For complete ecological periods the error
amplitude can hardly be significant. In addition, it must be pointed out
that in all the 11 cases in which a check of the above kind was resorted
to, there were weighty reasons for assessing the evapo-transpiration in
the spruce stand ground cover somewhat higher than in the birch stand.
Another theoretically possible source of error of a certain importance in
studying the evapo-transpiration of mineral soil is the evaporation from
the underlying mineral soil (cf. e.g. Burr 1914, and Veihmeyer
1938 cited by Kramer 1949). Owing to the different capillarity of raw
humus and the mineral soil this source of error can probably be excluded
in the humid conditions of Lapland, especially as it is seldom that prolonged
drought seems capable of bringing about major dissimilarities in the
vapour pressure gradient in the two structurally dissimilar soil layers
(cf. also Craib 1929, p. 59). However in Switzerland Burger
(1951 p. 20) has obtained evapo-transpiration values from the topsoil of
a »Plenterwald», which show that the water-loss from mineral soil can be
considerable.

As a certain wear on the humus cakes was inevitable the oldest of
them were replaced from time to time, mostly once field capacity had
been reached; continuity was ensured by parallel measurements.

The compilation of weighing results from all the sample plots, effected
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as described above, gives an at least satisfactorily reliable idea of the water
exchange of the ground cover. Tables 57 a and b give the numerical results,
by the different ecological periods 1, of interception and evapo-transpiration
in the ground cover and of the seepage of surplus water into the mineral
soil, plus supplementary data on both total precipitation and the inter-
ception of stand canopy on the different sample plots. Almost similar water
management balances have been made out e.g. by Kirwald (1944,
pp. 114—115) and Stalfelt (1944, pp.31—-33).

A comparison of water exchange figures for the different periods reveals
the following.

During the leafing season (June 8—22) the ground cover in the birch
stand received considerably more precipitation than that in the spruce
stand owing to the slight interception by the crown canopy of the former.
This notwithstanding, the ground cover interception was of the same
order, for which there can hardly be any other explanation than the more
or less constant state of field capacity which prevailed in the humus layer
of each stand immediately after the melting of the snow. The ground
cover was simply unable to absorb more water; in the spruce stand, in
addition, the humus was partly frozen and thus ineffective as an absorption
substratum. Owing to the fine weather during the latter half of the period,
evapo-transpiration from the ground cover exceeded interception. This
means in practice that the ground cover was drier at the end of the period
than at the beginning. In this connection it may be pointed out that a
total loss of 5.2 mm (evapo-transpiration 17. mm less interception 12.5 mm)
of water from the ground cover of the birch stand requires considerably
more effective drying than a total loss of 6.0 mm from the spruce stand
ground cover. This because the amount of water in the former at field
capacity totalled approx. 13.omm, in the latter 18.s mm. From these
figures we get a drying percentage of 40.0 for the ground cover in the
birch stand, about 33.0 in the spruce stand. The result is in keeping with
that attained by Stalfelt (1937, 1944) and Médgdefrau &
Wutz (1951) in their study of the effect of mosses on the water exchange.
On the other hand, the humus layer in the birch stand stored a surprising
amount of water considering its thickness was only about 4.4 cm versus
9.0 in the spruce stand. The transpiration of the tree stands and their

1 Figures for the period of Sept. 6—21 are approximate for certain parts as it was
impossible to determine evapo-transpiration in the birch stand with satisfactory accu-
racy because of defoliation which increased the weight of the humus cakes.
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Table 57 a. Water management of the birch stand in the summer
of 1951.

Taulukko 57 a. Koivikon vesitalous kesdlld 7957.

Ecological period — Ekologinen kausi

total daily| total |daily| totalldaily| total daily| total {dailyw[ 21.9
yht. | vrk. | yht. | vrk. | yht. } vrk. | yht. | vrk. | yht. vrk. |

Amount of water, mm — Veden mddrd, mm [

Precipitation in open

(P) — Sademddrd

aukealla (P) ...... 29.1| l.9a | 191.4 | 6.17 | 30.5| l.69 | 56.8| 2.27 | 37.5 | 2.31 | 345.3
Total canopy intercep-

tion (I;) — Latvuston

piddttdmd sade (I;) ..| 6.5 39.8 6.5 13.2 7a 731
Run-off along stems (R)

Runkojen valuvesi (R)| 2.5 17.2 3.4 4.0 2.1 29.7

Rest of canopy inter-
ception (I) — Latvus- .
toon jddnyt sade (I)| 4.0 221 3a 9.2 5.0 43.4
Direct precipitation in
the stand (Pg) — Sa-
demddrd latvuston alla 2
(Py) 8%0s ita watimarais 22.6 151.6 24.0 43.8 30.4 272.2
Total precipitation (Py)
Sademddrd -+ valuvesi
(Pp) o5 o6 swmss ns ws s 25.1) l.67 | 169.3 | 5.46 | 27.a| 1.52 | 47.6| 1.oo | 32.5 | 2.03 | 301.9
Interception by ground
cover (lg) — Maa-
peitteen piddttdmd

sade (I)* ........ 125 54.9 8.1 27.9 20.6 124.0
Evapo-transpiration

from ground cover
(E)2 — Maapeitteen
haihdunta (E)2 ....| 17.7] 11s| 51.6 | l.es | 14.9| 0.83 | 22.6| O.90 | 13.2 | 1.0 [ 120.0
Gravitational water to
mineral soil (G) — ’ !
Vajovesi  mineraali
maahan (G) ........ 12.6 114.4 19.3 19.7 119 177.9

1 maapeite = kasvipeite + humuskerros
2 excluding water uptake by tree roots — puiden juurten vedenotto poisluettuna

‘Water management ’I“(%ftal
factors 8—22.6 | 23.6—23.7 [24.7—10.8]11.8—5.9 | 6.9—21.9 : -~
Vesitalouden osatekijdt 8.6 —
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Table 57 b. Water management of the spruce stand and the open areas C
and D in the summer of 1951.

Taulukko 57 b. Kuusikon ja aukeiden ndytealojen vesitalous kesdlld 7957.

\ Ecological period — Ekologinen kausi
| Total
Water management \ : Yh.
factors ‘ 8—22.6 | 23.6—23.7 |24.7—10.8/11.8—5.9 | 6.9—21.9 .

Vesitalouden osatekijit |total daily total daily|total daily|total daily| total |daily| 21.9

i yht. | vrk.| wyht. |vrk.| yht.| vrk.| yht. | vrk. | yht. |vrk.

Spruce stand — Kuusikko
Amount of water, mm — Veden mddrd, mm
S R | 29| Los | 191.4] 67| 30,5 Les | 568 2.07| 37.5 | 2.3 | 3453
| U 7.7 27,5 24 | 93 102 | 5Te |
Pt 5 o5 o0 an smomeme e | 21.4| l.a3 | 163.9| 5.29? 28.1| 1.56 | 47.3‘} l.ss | 27.1| l.7o=‘ 288.1 |
122 59.6] | 9.7 | 27.4] 19.1 | 1283
| | | | | |
El casas e onse e sl 182 la1| 56.5 l.s2| 17.9| O.09 25.oi 1.oo 9.6 | (0.6) (127.0)
G .evooebmmmens s 92 104.3 | 18.4 | 19.6] 83| | 1598
Open area C — Aukea ala C

P oiiicsssssamanass \ 29.1} l.oa| 191.a | 6.17| 30.5/ l.e9 | 56.8| 2.27 | 37.5 | 2.3a | 345.3
Ig e | 15.6 73.7 14.2 35.8 27.8 167.1
E .0 convenesebebss 23.3| 155 | 61.5 | lues | 27.5 1.s3 | 31.3 125 | 17.6 | 1.1 | 161.2
iF  cucacenruzannnes 13.5| 17 16.3 2L.o 9.7 178.1

1 Open area D — Aukea ala D
P s a6 56 w6 smsmssioms 29.1| l.9a| 191.4 | 6.17 | 30.5 1.69 | 56.8f 2.27 | 37.5 | 2.3a | 345.3
Ig ................ 13.4 62.9 10.7 30.7 24.8 1425
E iisssssossssena 17.5| 117 | 55.a | lzs | 21.8| l.21 | 25.7) l.es| 16.0 | l.o| 1364
G e 15.7 128.4 19.8 26.1 11.7 201.7

effect on the drainage process will be discussed later (pp.248—265). During
the leafing season effective »water pumps» such as Deschampsia flexuosa
and other herbs in the birch stand have no great importance since their
dominance is small until Midsummer. As Vaccinium Myrtillus shrubs are
roughly equally plentiful in both stands their effect on the water exchange
balance is probably fairly neutral.

The table shows that interception and evapo-transpiration are of the
same order throughout the vegetation period in the parallel stands. See-

1 excluding water uptake by tree roots — puiden juurten vedenotto poisluettuna
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page into the mineral soil, therefore, as a result of greater ground cover
precipitation, must be greater in the birch stand than in the spruce stand.

The figures for the open areas C (with humus of thick-moss character,
slightly burned) and D (ground cover as in a 50-year birch succession
phase) reveal that both evapo-transpiration and ground cover interception
reached higher values than in the tree stands. The total interception
naturally is considerably lower since there is no water-absorbing crown
canopy. As a result seepage too reaches much higher values in the openings
than in the stands. Especially the amounts of evapo-transpiration from
these open surfaces are remarkably high. A comparison covering the
whole growing season reveals the following relationship between the open
areas and the stand. (Table 58).

The table shows above all the greater evapo-transpiration-inhibiting
effect of the spruce stand, especially in the early summer when the soil
in the birch stand is relatively well exposed to light (cf. Kramer 1949,
p. 53).

In the early high summer (June 23— July 23) rains were exceptionally
frequent. This resulted in exceedingly good evapo-transpiration conditions
as far as water is concerned. Other climatic factors, however, were less
favourable for intense evapo-transpiration. It was evident earlier in other
connections that the vapour pressure deficit was quite low as a rule, even

Table 58. Ground cover interception and evapo-transpiration in the
parallel stands as a percentage of the corresponding values for the openings
in 1951.

Taulukko 58. Rinnakkaismetsikoiden maapeitteen piddttdmdn sateen ja haihdunnan suhde
aukeiden ndytealojen vastaaviin lukuarvoihin v. 1951.

Aug. 11—Sept. 5

June 8—22 June 23 — July 23 ‘ July 24—Aug. 10
Heindk. 24—Elok. 10| Elok. 11 —Syysk. 5

Kesik. 8—22 Kesdhk. 23— Heindk. 23!

Interception by ground cover (I;) and evapo-transpiration (E)
Maapeitteen pidditimd sade (I;) ja haihdunta (E)

e | E | 1, | E | 3, | E | 1, | E

|

Birch stand: open area D (= 100) — Koivikko: aukea ala D (= 100)
93 | 10 | 8 | 94 | 716 | 68 | o1 | 88

Spruce stand: open area C (= 100) — Kuusikko: aukea ala C (= 100)
8 | 18 | 8 | 92 | 6 | 6 | 77 | 80
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at the hottest hour of the day, in the early part of high summer. The fact
that there was very intense evapo-transpiration from the ground cover
in any case is therefore probably attributable to e.g. the large amounts
of water adhering to the ground vegetation and able to evaporate in the
short intervals between showers. At first glance it seems positively absurd
that the evaporation from the ground cover during this part of the high
summer should exceed that from water surface by approx. 1 mm a day
(cf. p. 214). Remembering, however, that under the special conditions that
prevailed during the rainy period of June 23 — July 23 we can speak of
almost continuous ground cover evapo-transpiration, largely from free
water surface (drops on leaves, branches, etc.), this is perhaps less
surprising. What is more, the total evaporating surface of the ground
vegetation within an area of 250 sq. cm is many times larger than the
water surface in evaporation vessels with the same exposed area. It may
be pointed out that transpiration is generally attributed greater importance
than direct evaporation (cf. Kramer 1949, Gaiser 1952b).

It is evident that the ground cover was repeatedly saturated over
field capacity during this rainy summer. Consequently it is also comprehen-
sible that seepage was particularly great on the openings where there was
no crown layer interception to reduce the precipitation falling on the
ground cover.

During the latter part of high summer (July 24 — Aug. 10) there was
just one heavy fall of rain (July 29), 24.. mm, i.e. approx. 83 per cent
of the total precipitation during the period. As a result of a lightly moisten-
ing small shower the day before, the absorption capacity of the ground
cover was very good, resulting in increased evapo-transpiration during
the following few days. Otherwise the total evapo-transpiration from the
ground cover, in spite of the good climatic conditions, was relatively low
during this period compared with the preceding period (cf. with the vapour
pressure deficit p. 222). Seepage down to the mineral soil was entirely due
to the heavy rain on July 29—30. In this special case the total interception
on opening C exceeded that of the adjoining spruce stand. A factor that
may have contributed to this surprising state of affairs was the slight
interception in the stand because of the preceding rain.

The late summer (Aug. 11 — Sept. 5) was characterized by scattered
falls of rain, only four of them heavy enough to saturate the ground
cover and start seepage into the mineral soil.

As the interception by the ground cover over an adequate observation
period (June 8 — Sept. 21) gave values which, broadly speaking, equalled
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Fig. 67. Water management of the spruce stand during the growing season of 1951.
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Fig. 69. Water management of the spruce stand during growing season of 1950.

Kuva 69. Kuusikon vesitalous kasvukautena 7950.

62.« The development of spruce forest on raw humus sites in northern Finland . . .

243

Precipitation, mm
ademadra, mm

5t
40t
35t
30t
>sl |__Canopy interception
S Latvustoon jaany! sademadard
. E ~_Run-off along stems
20+ i Valuvesi
N .
| __Direct precipitation
Sodemddara meltsikissd
15t

1 16 1 6 1 6 1 16
June- Kesakuu July-Heingkuu August-Elokuu  September-Syyskuu
| Ground cover interception, mm- Maapeitteen pidittima sademaara, mm
sl

(0]
Seepage, mm 1
Vajovesi, mm
5L Electric 72‘50
resistance,
.| 1000 ohm
10
H2.00
15 f
J
20
/ i—0 cm
10 cm] 50
—50 cm
s ~ =200 em | 1,00
070
June-Kesagkuu July- Heindkuu August-Elokuu September- Syyskuu

Fig. 70. Water management of the birch stand during growing season of 1950.
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the sum of transpiration and evaporation from the ground vegetation plus
the humus layer, this interception can be taken as a standard for the total
evapo-transpiration of the ground cover (in which water consumption by
the tree roots is not included due to the method employed).

In order to illustrate the effect of individual periods of rain on water
management in birch and spruce stands, respectively, the total precipita-
tion, crown canopy interception, run-off along stems, ground cover inter-
ception and seepage water into the mineral soil (all in mm) are indicated
in diagrammatic form for the summer of 1951 (Figs. 67—68).

With the aid of the values obtained for maximal water uptake by
the ground cover, crown canopy interception, etc., in the two stands a
similar diagram was worked out for the summer of 1950 (Figs. 69—70).
As the rainfall on the whole and the heavy rains in particular were relatively
few, the diagram can be considered satisfactory as regards reliability. All the
light showers were evidently absorbed by the crown layer and ground cover.

The curves below the diagrams represent the average moisture content
of the mineral soil measured at different depths by means of the electric
resistance ! in gypsum blocks (Bouyoucos & Mick 1940). Due
to the steady rain in the summer of 1951 no appreciable changes could
be traced in the soil moisture content in the spruce stand on the borderline
between humus and mineral soil and at a depth of 10—50 cm. On the
other hand, the soil did appear to have lost some water especially at the
1 m depth mark. In the birch stand the conditions were largely the same.
This seems to indicate a very weak but nevertheless observable continuous
reduction in the water supply at lower depths from the end of the snow
melting period although the numerous falls of rain keep the root zone of
the mineral soil (0—50 cm) practically saturated with water.

The summer of 1950 showed a very different pattern. The heavy rains
of high summer were followed by a prolonged period of drought of almost
five weeks duration in the course of which both the ground cover and the
upper layer of mineral soil had time to dry fairly thoroughly. However, it
was two weeks after the commencement of the drought period before the
resistance in the gypsum block began to increase in the birch stand, the
stand where the surface layer seemed to dry up comparatively fast.
Similar observations of delayed drying up in other stands have been made
also by Craib (1929, p. 55), though his method was different. Some of
the gypsum blocks in the surface indicated a very high degree of drought

1 Levelled to a temperature standard of + 10°C.
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in the last few days before the rain of Sept. 16, with a resistance of approx.
75000 ohm, which probably indicated that the wilting range from the phys-
iological point of view important had been reached (cf. Bouyoucos
& Mick 1947). These blocks were excluded from the mean value
calculations.

Most of the numerous light showers of the late summer 1950 were
absorbed by the ground cover. Only two small rains (Aug. 25 and 31)
seem to have affected the water balance in the surface layer of the mineral
soil. The heavy rain of Sept. 16 then almost saturated the humus and
there was so much gravitational water seeping into the mineral soil that
a definite reaction was discernible at a depth of 1.om even. However,
this rain did not suffice to re-establish the soil water content existing
immediately after the melting of the snow in the birch stand.

The soil in the spruce stand showed a similar though less marked
increase in electric resistance during the drought period. The heavy rain
of Sept. 16 had a distinct effect on the water management of the stand
which, however, did not seem to fluctuate in the five-week drought as
markedly as that of the birch stand. Due to the method of recording soil
moisture changes, no remarkable difference in the infiltration speed could
be observed, although there was reason for assuming the infiltration rate
to be much slower from the humus downwards in the spruce stand (cf.
e.g. Maran & Lhota 1952).

A comparison of the curves illustrating the electric resistance of the
plaster blocks in 1950 and 1951 reveals that blocks at different depths
seem to indicate field capacity at different resistances. Irritating from the
point of view of interpreting the curves, this is due in the first place to
the crumbling of some plaster blocks in winter 1950/51 and it naturally
resulted in having to compute the means from different numbers of
observations. As the individual blocks had been calibrated (see Bouy o u-
cos & Mick 1940, p. 9 and 1947, p. 458) the electric resistance values
obtained in the different years could, however, be transposed from ohm
to weight or volume per cent, respectively, of water. This revealed another
drawback in the reliability of the results: in spite of repeated careful
calibrations according to the directives given the individual variation
was remarkably great. As, in addition, the mechanical composition and
density of the soil varied at the depths studied (the weight per volume
unit of soil, as is known, increases from the surface downward in moraine
soils) it was necessary to plot separate curves for the blocks at the depths
of 0, 10 and 50 and 100 cm, respectively (Fig. 71).
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Fig. 71. Ratio between electric resistance of the plaster blocks and soil moisture content.

Kuva 71. Kipsikappaleiden sdhkévastuksen ja maan vesipitoisuuden vdlinen suhde.

With the aid of these and similar curves the changes in the water
management of the soil in the different vegetation periods could be mapped
tolerably well. A certain check was provided in the determinations of
ground cover interception and transpiration and in direct determinations
of soil water content by weighing soil samples. Unfortunately, it was
impossible to reach complete agreement between the results of the different
determinations; the uncheckable elements were too many and too difficult
to master. The following examples illustrate to some extent the service-
ability of the plaster block method even in such unhomogeneous soils as
moraine (Table 59). Positive experiences has been gained by other rese-
archers too (cf. e.g. Knapp & al. 1952).

The real value of the figures given in Table 59 is evident from the fact
that a difference of 1.0 volume per cent of water corresponds to 10 mm
of gravitational water or transpiration. Bearing this in mind, all the
checks, apart from the determination of Sept. 19, 1950 in the birch stand,
can be considered to concur satisfactorily. The volume per cent of water
indicated by the plaster blocks for this date is inevitably too high if it
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Table 59. Examples of changes in the moisture of mineral soil (in volume
per cent of water) determined by electrical resistance of plaster blocks,
with some control figures.

Taulukko 59. Esimerkkejd mineraalimaan kosteuden (veden tilavuussadanneksen) muu-
toksista vastuskosteusmittarilla mddritettynd erdine tarkistusnumeroineen.

Date of measurement — Mittausajankohta
Stand 1950 | 1951
Metsikk | July 9 Sept. 15 Sept. 19 ‘ July 24 | Sept. 2
Heindk. 9 Syysk. 15 Syysk. 19 | Heindk. 24 | Syysk. 2

Soil water content, volume per cent
Maan kosteussadannes

Birch stand |

Koivikko . ... 37.2 21.2 25.2 33.3 28.5
Spruce stand

Kuusikko . ... 38.6 l 28.1 3l.6 l 32.81 ‘ 31.8!

Control by seepage and transpiration
Vajoveden ja haihdunnan perusteella saadut tulokset
Birch stand

Koivikko

24.3—24.8 28.6
Spruce stand
Kuusikko 3l.0—31.5 31.6!

2

can be assumed that the value of Sept. 15, 21.2 per cent, is correct. On
the other hand, it is very likely that the transpiration of the birch stand-
during the 48-day drought can have risen to 160 mm (= 37.2 less 21.
per cent). Taking into account the less transpiration of the spruce
stand (cf. p. 262), its transpiration of 105 mm during the same period also
seems to be within the bounds of possibility. Figs. 67—70 show also that
the mineral soil has dried more rapidly in the birch stand than in the
spruce stand. A clear picture of the different influence of the two parallel
stands on the water content of mineral soil is also provided by the following
numerical data, in part checked by weighing soil samples (Table 60).

The table shows that the drying effect of the birch stand has been
considerably stronger than that of the spruce stand, especially in the
root zone (0—50 cm). Knowing the occurrence of roots in the two stands,
the above results seem natural, but besides this the specific transpiration

1refer only to soil layer 0—50 cm, all the other figures to 0—100 cm — koskevat
vain maakerrosta 0—50 c¢m, kaikki muut 0—700 cm.
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Table 60. An example of the changes in mineral soil moisture in the parallel
sample plots at different depths in summer 1950.

Taulukko 60. Esimerkki rinnakkaisndytealojen mineraalimaan kosteuden muutoksista
eri syvyydelld kesdlld 7950.

Measured by plaster blocks ‘ Check by
Deptg. of Vastushkosteusmittarilla mddritetty | weighing, Sept. 19
recording 5
: July 9 Sept. 15 | Sept. 19 | Tarkistus-
Mittauseyoyys, om Heindk. 9 Syysk. 15 | Syysk. 19 : punnitus, 19. 9.
i Soil water content, volume per cent — Maan kosteussadannes
Birch stand — Koivikko
0 ‘ 36 ‘ 17 23 | 23
10 35 j 18 23 | 24
50 37 21 26 3 25
100 40 ; 24 ‘ 27 ‘ .
0— 100 1 37.2 21.2 ? 25.2 24.3—24.s
I Spruce stand — Kuusikko |
| |
0 45 | 33 | 37 39 ‘
10 ‘ 38 27 1 31 1 32 i
50 38 | 28 ‘ 31 ‘ 31
100 37 § 26 ‘ 30 . [
0—100 38.6 281 | 3l.6 31.0—31.5 I

qualities of the tree species must have a great importance for the water
management of mineral soil. Of certain interest is the high moisture
content immediately beneath the humus layer in the spruce stand; similar
observations has been made also by Halden (1926, p. 222).

Transpiration of the stands

To supplement as far as possible the picture of the water management
of the two sample stands a study of the transpiration of trees was also
included in the programme.

In this special study use was made of the same weighing method as
eg. Leick (1939), Eidmann (1943), Stalfelt (1944), Pol-
ster (1950), Ivanov & al. (1951), Pisek & Trangquillini
(1951), Dmitrijev (1954) and others have applied, with one difference
of principle: whole crowns up to 30 kg were weighed instead of a few
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grams of small twigs. This method overcame the problem of a source of
error that is otherwise difficult to avoid, one that arises partly from the
calculation of the size of the transpiring surface (or mass, respectively)
and partly from the approximate computation of the ratio sunlight-
exposed: shaded leaves in whole trees (cf. Konis 1950). The variation
arising from the physiological heterogeneity of the weighing objects con-
tinued of course to exert a somewhat disturbing effect on the compilation
of primary results into uniform series. But by calculating the mean of
e.g. three consecutive transpiration determinations at short intervals from
trees comparable in location, tree class, size and crown volume, it was
possible to plot curves showing the diurnal variations in transpiration.
Eidmann (1943) and Nakayama & Kadota (1949), among
others, have also weighed complete tree individuals, but their investigations
only dealt with seedlings in pots. Different methods of determining trans-
piration have been discussed by Huber (1953).

It must be admitted that the maximum capacity of the Berchel
weighing machine employed was 30 kg and so only a representative part
(Y/3—?/,; about crown weight, cf. Burger 1952) of the biggest spruces could
be weighed in a number of determinations. The size of the complete crown,
including twigs and the top section of stem, was determined afterwards
in these exceptional cases by weighing. Most of the spruces, however, were
small and medium-sized trees (DBH 7—26 cm); they were selected to
comply in appearance as far as possible with the spruces on Sample Plot
A. All the birch crowns were weighed complete. As diameter classes
5—8 cm constituted approximately half the growing stock of the birch
sample plot, weighing was concentrated mainly on these classes. The
number of weighings per tree species is shown in Table 61. All the weighings
were done 30—70 m from the sample plot stands. As felling, bucking and
transporting tree crown to the weighing-machine usually took 1—2 min,
the time available for the transpiration determination usually did not
exceed approx. 100—200 seconds because the weighing had to be done
within 5 minutes of the first stroke of the axe (cf. Stalfelt 1944).
Weight loss could be read directly with an accuracy of 1 g. The crown was
weighed in the horizontal position. The natural position, recommended
by Konis (1950) especially, could not be applied for practical reasons.
To attain acceptable results the weather had to be calm (weak, steady 0—1
Beaufort breeze could be tolerated) and fair. Due to the method applied
here transpiration determinations could unfortunately not be effected
under ordinary wind conditions (1—2 Beaufort) in which Nakayama
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Table 61. Date and exterior conditions for transpiration determinations
in the summers of 1951 and 1952.

Taulukko 61. Pdivimddrd ja ulkonaiset olosuhteet puiden haihduntamddritysten aikaan
kesdlld 7951 ja 1952.
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Number of 1 l
Date of sample 'trees Hour — Vuorokauden aika
weighing | luklv(tgggg:gmkpl 1 ‘
Pdivdmddrd | pirch spruce |2 |8 |2 |28 (2818 /82888
hoivu kuusi Siv |~ l=le |- |=l= =
|
Temperature, C° Air humidity, per cent
Lampdtila, C° Ilman suht. kosteus, %,
22. 6. 51 4 | [
17. 7. 51 3 17.0 50
24. 7. 51 10 18.5 40
25. 8. 51 16 14.2| 17.7 90 | 80
26. 8. 51 11 10 20.5| 21.7 181 70 | 70 80
27. 8. 51 32 10 15.8| 20.5| 21.5| 23.5| 17.2| 90 | 80 | 70 | 70 | 90
28. 8. 51 13 20.8 60
31. 8. 51 10 14.0 80
4.9.51 17 17.¢ 12.2 80 95
30. 6. 52 4 19.5| 20.2 50 | 50
1. 7. 52 10 16.5] 16.2 50 | 50
2.7.52 6 15.8) 17.7 40 | 40
5. 7. 52 19 11.5] 14.5) 14.8{ 10.0{ 12,0/ 50 | 50 | 40 | 80 | 70
6. 7. 52 3 12,3 50
7.17.52 20 18.8) 19.5/ 21.5/ 20.4 50 | 40 | 40 | 50
8.7.52 22 20.0| 22.s| 25.0 23.4] 50 | 40 | 50 | 50 | 50
9.17.52 23 3 20.8| 23.5| 25.0| 26.0 60 | 50 | 40 | 50
10. 7. 52 18 5 18.5| 22.1| 26.0| 26.5 80 | 60 | 50 | 50
11. 7. 52 7 17.6 60
13.7. 52 12 | 20.] 23.0 60 | 50 | | |
14.17. 52 16 18.4) 19.0 | 50 | 40 |
Total — Yht| 183 | 121 |

& Kadota (1949) had found the effect of wind on the course of trans-
piration to be remarkably great. In addition to light intensity and wind
force, the air temperature and relative humidity during the weighing
process were measured. The preliminary operations required a labour
force of three men who soon acquired an appropriate technique.

In assessing the results achieved in Siulio the following general view-

points should be taken into account in addition to the points of principle
advanced by Stalfelt (1944):

(1) The supply of water was exceedingly good in the summer of 1951,
as it was in 1952. The profuse rains kept even the humus layer, where
approx. 25—50 per cent of tree roots are situated, close to field capacity
throughout the summer. From this point of view the conditions for trans-
piration were relatively constant.

(2) The general climatic conditions for transpiration were relatively
unfavourable at the time (late summer) of the 1951 transpiration deter-
minations but fairly good (high summer) in 1952. Compared with con-
ditions e.g. in South Sweden, Central Europe and Central Russia, where
spruce transpiration determinations have also been effected, the climatic
conditions for transpiration in Lapland, in spite of the longer summer
day, can be considered definitely poorer.

(3) The numerous showers of rain disturbed weighings to an extent
that made the collected primary material rather heterogeneous, especially
in the summer of 1951 (see Table 61).

The wind velocity at measurement varied only between 0.0—0.3 m/sec
in the summer of 1951 and between 0.0—l.0 m/sec in 1952. The light
intensity remained at over 6000 lux throughout the weighing in
1952 in spite of light cloud, but varied in the summer of 1951 between
2 000—6 000 lux. The lowest values derive from weighings about and after
1900 hours at the end of the summer of 1951 when the light intensity
varied between 200—3850 Ilux.

Transpiration of the birch stand

It seems appropriate to start the report on the birch sample plot
transpiration determinations with a study of diurnal variation. Of the
days during which continuous observations on pre-selected mutually
comparable sample trees could be made, July 5, 9 and 10, 1952, show the
most numerous determinations. From the mean value of three consecutive
weighings at short intervals it was possible to plot the diurnal variation
curves for trees with a diameter at breast height of 6—8 cm (Fig. 72).

As the interval between weighings of the tree groups mentioned above
was no less than two hours and as it was impossible, in spite of good
intentions, to select the weighing objects carefully enough to eliminate
individual variation, the curves must be taken with reserve. In spite of
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the deficiencies, the curves reveal a striking similarity with some results
advanced by other researchers on the diurnal variation in transpiration
(cf. eg. Stdlfelt 1944, Polster 1950). The depression they
observed at noon is, it is true, only weakly discernible in two of the curves
of Fig. 72, though naturally it does not follow that this drop in trans-
piration intensity, apparently presupposed by special physiological factors,
will fail to emerge more clearly also in the conditions prevailing in Lapland.
Shorter weighing intervals and a broiling hot day would probably have
provided the answer to this question.

Although an analysis of the climatic factors affecting the transpiration
of trees must inevitably take on the character of a feat of mental agility,
it is hardly possible to avoid noticing the existence of certain relationships
within the limits of the scarce material.

The most striking point — apart from the clear and natural difference
between trees of different dimensions — is the secondary importance of
air temperature in the cases reported. A day temperature of approx.
13—14°C in the stand air, which incidentally is unusual neither at the
beginning nor at the end of the vegetation period, has produced trans-
piration equal to that at a typical high summer temperature of 24—25°C.
The result is unexpected and in clear contrast with e.g. Russian investiga-
tions (cf. Ivanov & al. 1951 and Dmitrijev 1954). This

Transpiration, g per hour o
Haihdunta, gr/! —z6"cm
1000
-—==7cm
----=8cm
12.7"
e aso
R b
500 P T
222 259° 25 \**:’;'\ .
78 244 \ * N
0]
4 8 12 16 24

Hour-Vuorokauden aika

Fig. 72. Diurnal variation in the transpiration of birches of different diameter classes
The crosses indicate the mean transpiration of three trees. The thermometer readings
indicate air temperature. g = diameter — ldpimitta.

Kuva 72. Eri kokoisten koivujen haihdunnan vuorokautinen kulku. Pisteet ovat kolmen
puun haihdunnan keskiarvoja ja asieet osoittavat ilman limpitilaa.
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Fig. 73. Diurnal variation in the transpiration of birches at approximately constant
relative humidity of air.

Kuva 73. Koivun haihdunnan vuorokautinen vaihfelu ilman kosteuden ollessa
likimain vakio.

does not mean, however, that the temperature of the leaves, more
highly influenced by the true insolation, is of equally little importance
under the above external conditions. On the contrary, experiments carried
out by Konis (1950) support the Russian results and indicate that
insolation influences transpiration very strongly due to the fact that the
temperature gradient between the leaves and the surrounding air is decisive
in normal weather. As to the influence of light, no certain conclusions can
be drawn other than that the most intense transpiration occurred between
0700—1700, the hours when insolation also was at its greatest (over
6 000 lux throughout).

A marked correlation seems to exist also between relative air humidity



254 Gustaf Sirén 62.4

and transpiration rate — though vapour pressure deficit or wind velocity
measured with a highly sensitive instrument would probably provide a
better correlation still. From a combination, by groups, of transpiration
values obtained in approximately similar air humidity conditions curves
can be drawn for the transpiration rate of comparable sample trees that
show a mutual variation which seems to be essentially dependent on the
water content of the air (see Fig. 73). Were the relative air humidity
alone decisive, however, the curve should run more or less parallel with
the abscissa. The distance of the curves from the abscissa would then
indicate the relationship between transpiration and the water absorption
capacity of the air. Fig. 73 reveals, however, that the lines — even assuming
theoretically equal values for (r) — cannot be expected to assume such
a course during a normal day in Lapland. Whether it is the varying
insolation conditions, the daily maximum of wind velocity at noon, the
temperature or the trees’ own specific physiological diurnal rhythm that
expresses itself in a clear increase or decrease in transpiration during the
morning and evening hours, even in fairly similar air humidity conditions,
is a question which must be shelved pending further and more detailed
studies. Problems falling under this category have, however, been treated
by eg. Polster (1950) and Pisek & Tranquillini (1951)
who found that transpiration was also very low during the morning and
evening hours in other trees than the spruce.

A comparison between the transpiration of the earlier determinations
(1931) and the diurnal curves discussed above is somewhat weak. This not
only because of the different dimensions of the trees studied but also due
to the fact that the weather during the special days was very different in
character from that of the late summer of 1951, with its definitely poorer
light conditions, greater air humidity, lower wind velocity and lower
temperature. Numerically, this comparison between days with an average
air humidity of approximately 50 per cent assumes the following appearance
(Table 62). The difference is remarkably great in favour of the selected days
of the summer of 1952.

The investigation into the water management of the stands in the
summer of 1951, as mentioned above, could not be carried out according
to the programme outlined. Hence the compilation of the transpiration
values obtained, due to the limited size of the material, had to be confined
to diameter classes 6—8 cm (the other sample trees naturally had some
value from the control point of view in extrapolation). The total crown
weight of these classes, including branches, amounted to approx. 43.0
per cent of the »mass» of the total crown layer in the birch stand.
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Table 62. The average daily transpiration of birches of different sizes at
an average relative air humidity of approx. 50 per cent, in the summer
of 1951 and 1952.

Taulukko 62. Eri kokoisten koivujen keskimddrdinen haihdunta ilman suhteellisen
kosteuden ollessa keskimddrin noin 50 %, kesdlld 7957 ja 1952.

’ Year — Vuosi

1951 | 1952

Diameter classes of the trees, cm
, Puiden ldpimittaluokat, cm

| 5—6 7—8 6 7 | 8
Amount of transpiration, kg/day

’ Haihduntamddrd, kg/pv

\

\ 3.4 6.0 5.0 6.5 | 8.0

Table 63. The average transpiration of birches of different sizes at different
values of relative air humidity.

Taulukko 63. Eri kokoisten koivujen keskimddrdinen haihdunta ilman suhteellisen kos-
teuden funktiona.

a b c
Adjusted means

Relative humidity | Primary material Adjustod mosns weightg? c?gwrtlge e
of air, per cent | Alkuperdisaineisto Tasoitetut arvot Latousten koolla
. atvusien ROO
I lmc;zzs tserltlilteeolhﬂe'l punnitut tasoitetut arvot

Diameter classes of the trees, ecm — Puiden ldpimittaluokat, cm
6 7 8 6 | 7 8 3 6 7 | 8

Average transpiration, kg/day — Keskim. haihdunta, kg/pv

40 | — | 62 | 65 , 40 | 62 | 66 | 41 | 54 6.6
50 | 3 i 5.6 “ 61 | 35 | 5s | 65 | 4o | 55 | 6s
60 | 3. 701 63 3. | 56 | 6.2 38 | 5a 6.2
70 X 5.0 ‘ 44 | 33 | 5.0 ] 5.8 3.6 n 4.8 5.8
80 2.3 ‘ 47 | 42 2.7 { 44 i 4.7 w[ 2.9 i 3.9 4.7
! 90 21 | 2 2.3 le | 26 | 31 | le | 25 3a

1 Only a single primary value — Vain yksi havainto.
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From the primary results of all the weighings at different relative air
humidity values a table ‘'was worked out of the mean day transpiration
of birches measuring 6, 7 and 8 cm in diameter at breast height. The
mean values, unadjusted in relation to each other, are shown in the tables
below (Table column 63, a).

Hence the adjustment within the diameter classes (column b) does not
seem to have been completely successful for the crown weights of the
classes concerned (column c). But itis obvious that the more numerous the
adjustments the less compatible the values recorded in reality will be.
In the calculations to determine the transpiration of the entire birch
stand the mean values adjusted once (b) were employed.

The total daily transpiration for the most thoroughly studied dimensions
(6—8 cm) was determined first and the total transpiration obtained
multiplied by a factor determined by the crown weight ratio between
all the 6—8 cm trees and the whole stand. The average relative air humidity
was naturally taken into account in calculating the total transpiration of
the different ecological periods. The transpiration is expressed in tons/ha.
The result is shown in Table 64.

It was emphasized previously that the relative air humidity does not
cover all the requirements that must be made of an argument of unequi-
vocal influence on the function involved here. Another consideration to
be mentioned is that foliage develops fairly slowly; not until Midsummer
can the leaf surface be considered full. The transpiration values computed
above, based on the part played in transpiration by relative air humidity
alone, are, in other words, too high for this ecological period.

It must be assumed, however, that the correct value for the total
transpiration, e.g. for the period of June 8—23, 1951, is higher than the
mean for the period before leafing (= approx. 0) and the maximum
transpiration, i.e. higher than (0.0 + 2.s) : 2. The transpiration, before the
start of the leafing season even, is definitely greater than O; both sap
formation and budding presuppose an intense upward flow of fluid; here
the transpiration is estimated to be about half the maximum. The
total transpiration of the birch stand during this period thus appar-
ently amounts to 1.1.0—2.s0 mm/day; this total has here been conservatively
estimated at only l..ea mm /day! (see Table64). It may be pointed
out that Eidmann’s investigation into the transpiration of e.g. birch

1 Control studies performed later indicate that the estimated value 1.4 mm is
probably too low.
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Table 64. Transpiration of the birch stand in the summer of 1951.
Taulukko 64. Koivikon haihdunta kesdlld 7957.

(;I‘ranspiration
Relative uring weather
‘X’?gtgﬁég I(I))é]i?:?ﬁs Number air Transpiration, | Phases and eco- | corresponding
period of days humidity tons/ha/day | loglgghsfl’ggl()ds’ rain, mm/day
13K 3 Pdiuifp - Ilman Haihdunta, \ qia : : Vastaava sade-
ekfl%(;%gzsoifaﬁiel lukumddrd | suhteellinen | tonnia/ha/pv I eﬁg%&-’s%gzgg_ mddrd, mm/pv
kosteus | sien haihdunta,
tonnia/ha
8-13.6 6 50 (27.88 : 2.0) (83.84) (2.5:2.0)
14—15.6 2 60 (26.52 : 1.8) (29.15) (2.7: L.s)
16—17.6 2 40 (28.61: 1.5) (38.14) (2.9: 1.5)
18—22.6 5 50 (27.88 : 1.0) (139.40) (2.5: 1.0)
June 8—22
Kesdk. §—22 15 ~ 290.65 ~ l.oa
23—24.6 2 40 28.61 57.22 2.9
25—26.6 2 85 16215 32.30 l.s
27—28.6 T2 95 5.18 10.38 0.5
29.6—10.7 12 70 23.99 287.88 2.4
11.7 1 90 12,77 12.77 1.3
12—20.7 9 65 25.25 227.25 25
21—23.7 « 3 85 16.15 48.45 l.e
June 23— July 23 |
Kesdk. 23—Heindk. 23| 31 676.23 2.8
24—28.7 5 50 | 27.ss 139.40 2.5
20—30.7 2 95 ‘ 5.18 10.36 0.5
31.7— 3.8 4 60 | 26 106.0s 2.4
4.8— 5.8 2 80 | 19.62 39.24 2.0
6—10.8 5 55 ! 27.35 136.75 2.7
July 24— Aug. 10 4
Heindk.24— Elok. 10 18 | 431.83 2.39
11—19.8 9 80 19.62 176.58 2.0
20—25.8 6 70 23.99 143.94 2.4
26—28.8 3 95 5.8 15.54 0.1
20.8— 5.9 8 90 12.77 102.16 l.a
Aug. 11—Sept. 5 |
Elok. 77 —Syysk. 5 | 26 438.22 l.es

17 — The development of spruce .. .
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indicates a seasonal variation of the type referred to above (cf. Eid-
mann 1943, p. 85). Autumn’s defoliation also has a disturbing effect
on the result, to such an extent even that no reliable limit values can
be given. According to Russian experiments the decrease in the transpira-
tion rate toward autumn is extremely sharp with birch (cf. Dmitrijev
1954, Table 2, p. 32).

It seems evident that the increasingly short days towards the autumn
have a decreasing effect on total transpiration. This is taken into account
indirectly in that the air humidity increases simultaneously, justifying
the assumption that the transpiration values for the periods between June
23 and Sept. 5 are fairly well correlated.

In studying Table 64 it should be remembered that the showers were
fairly numerous and the uppermost soil layers almost constantly so rich
in water that no prolonged deficit to prevent transpiration could develop.

The birch transpiration per hectare during 1951, shown in Table 64,
is small compared with the values reported by Pisek & Cartel-
lieri (1939), Schubert (1939), Eidmann (1943), Polster
(1950) and the Russian researchers Ivanov & al. (1951).

The dissimilarity is of course explicable from the different method
employed in the present case. Another fact to be emphasized is the poorer
conditions for transpiration in Lapland. The importance of the latitude
appears with clear evidence from e.g. the transpiration experiments per-
formed by Dmitrijev (1954, Table 2 p.32).

In spite of the values, low for Central European and Central Russian
conditions, obtained here for birch transpiration it sufficed to keep the
»debit and credit» of the water exchange balanced in the sample plot
stand. In spite of the profuse precipitation — in the vegetation period
of 1951 approx. 100 mm above normal — the birch stand has been able
to reduce even the reserve in the soil from snow melting during the spring
and early summer (see further on Table 67).

Transpiration of the spruce stand

The transpiration of the spruce stand has been computed in the same
way as that of the birch stand. The adjusted mean values for the different
dimensions at various air humidity values are shown in Table 65. The
water supply in the soil in this case too was sufficient and there was no
question of an obstacle to transpiration.
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Table 65. Transpiration of spruce of different sizes at different values of
relative air humidity.

Taulukko 65. Eri kokoisten kuusten haihdunta ilman suhteellisen kosteuden funktiona.

Diameter classes of

Relative ai idi
trees, cm ir humidity per cent

X Ilman suhteelli %
Puiden lipimitta- eoiien. Roticllyy, &

luokat, cm 4 | 50 | 60 ‘ 70 | 8 | 90
| | |

Transpiration, kg/day — Haihdunta, kg/pv

5 3.5 3.0 2.5 2.0 1.5 1.5
10 8.0 7.0 6.0 5.0 4.0 3.0
15 15.0 13.0 11.0 9.0 7.0 6.0
20 25.0 20.0 18.0 15.0 12.0 10.0
25 40.0 32.0 27.0 22.0 18.0 15.0

The 5 cm values are somewhat too high for the crown weight; but the
primary material was quite comprehensive and there was no justification
for adjustment. It is not impossible that the young age of these small
trees accounts for the greater intensity of their transpiration (cf. Pisek
& Cartellieri 1939, Stalfelt 1944, Ivanov & al. 1951).

As an example of the dispersion of the primary material in the coor-
dinate system, the original values obtained and the smoothed transpiration
curves for relative air humidity, (r) = approx. 50 per cent, during the
summer of 1952 are given (Fig. 74).

The total transpiration for the different periods has been computed
from the adjusted values in the same way as for the birch stand. The
result is seen in Table 66, which includes for the sake of comparison the
average insolation, relative air humidity and day temperature values for
the ecological periods.

This table shows the great importance of the season of the year more
reliably than the table for birch. The transpiration was incomparably at
its highest, in spite of unfavourable temperature conditions during the
sprouting season, the low relative air humidity (r) naturally being a
contributory factor. During the short and humid autumn days, again, (r)
was high and the transpiration dropped to less than half the mean of the
early summer. Naturally the weak insolation and the reduced life functions
of the tree due to the season must be taken into account (cf. e.g. Pisek
1953). The ratio between transpiration, insolation and air humidity are
shown in Fig. 75.

* *
*
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Transpiration, g per hour
Haihdunta, gr/t
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Fig. 74. Daily variation in transpiration of spruces of different dimensions at a relative

air humidity of approximately 50 per cent.

Kuva 74. Eri kokoisten kuusien haihdunnan vuorokautinen kulku ilman kosteuden ollessa
noin 50 %,.

The quantitative determination of stand transpiration gives us a passing
view of the water balance of the mineral soil. Seepage from the humus
layer usually (cf. Stalfelt 1944) stops at the root zone; only very
heavy and prolonged rain results in gravitational water draining off into
the still lower soil layers. In studying the values in Table 67, however,
the following viewpoints must be borne in mind.

Immediately after the melting of the snow the soil is usually water-
saturated. At Siulionpalo, for instance, the water level in the wells dug
for the purpose remained very close to the soil surface for a couple of
weeks after all the snow had gone. The water supply in North Finnish
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Table 66. Calculated transpiration of the spruce stand and some ecological
data during the ecological periods in summer 1951.

Taulukko 66. Kuusikon haihdunta sekd erditd ekologisia piirteitd eri ekologisina kausina
kesdlld 7951.

Ecological period — Ekologinen kausi

June 8—22 | June 23 —July 23 | July 24—Aug. 10/Aug. 11—Sept. 5| Sept. 6—23

i — Kesdk. 23— Heindk. 24— 5 _ |
Kesdh. 8—22 ‘ Heindh. 23 Eloh. 10 Elok. 11— Syysk. 5i Syysk. 6—23

Transpiration, mm/day — Haihdunta, mm/pv

1.60 I las I l.a1 ; 0.80 | 0.73

Mean day temperature, °C — Pdivdn keskim.ldmpitila, °C
9.8 \ 1195 1 18.23 | 16.23 [ 7.3
Insolation, cal/sq. cm/min — Sateily, cal/cm?/min

0.565 I 0.415 1 0.335 ‘ 0.200 | 0.160

Relative air humidity, per cent — Ilman suhteellinen kosteus, %,

50.20 | 70.95 } 62.78 | 80.92 \ 83.22

moraine soils, as a result of the normally short and sudden spring, is
usually relatively good at the beginning of summer. Both in 1950 and 1951
the soil of the two parallel stands was saturated to field capacity at least
in the 0.5 m thick top layer of the soil during the early weeks of June.

Water uptake from the mineral soil is not the only way in which evapo-
transpiration from the stands occurs. Approximately 50 per cent of the

Relative air humidity, per cent Insolgtion calisq cm/mun
liman suhl kosteus, % Sateily, cal/cm®/min
% o7

100 06

80
Fig. 75. Ratio between transpiration:
relative air humidity and transpiration: S
insolation. 40 23

60

Kuva 75. Haihdunnan ja ilman suhteel- 20 o a2

lisen  kosteuden sekd sdteilyn valiset - o1
O 020 040 0.60 080 100 120 130 160 180

suhteet Transpiration .mm /day - Haihdunta. mm /ov
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Table 67. The amount of water seepage in mineral soil and stand
transpiration of the parallels sample plots in summer 1951.

Taulukko 67. Rinnakkaisndytealojen vajoveden mddrd mineraalimaassa ja metsikjiden
haihdunta kesdlld 7957.

Ecological period — Ekologinen kausi

Sample plot and water

management factors _o99/June 23 — | July 24 — |Aug. 11 — |Sept. 6 — | June 8 —
: Hine §—33 Aug. 10 | Sept. 5 | Sept. 21 | Sept. 21

Heindk. 24|Elok. 11 —|Syysk. 6— | Kesdk. 8§ —
— Elok. 10| Syysk. 5 | Syysk. 21| Syysk. 21

Naytealat ja vesitalouden July 23

osatekijdt Kesdk. |Kesdk.23—
8—22 |Heindk. 23

Birch stand — Koivikko Amount of water, mm — Veden mddrd, mm

Seepage to mineral soil

Vajovettd mineraalimaahan 12,6 114.4 19.3 19.7 11.9 177.9
Stand transpiration —

Metsikon haihdunta . ... 29.0 67.6 43.2 43.9 6.0 189.0
Balance — Erotus ...... —16.0 +47.0 —24.0 —240 | ~46.0 |~ —1lo

Spruce stand — Kuusikko

Seepage to mineral soil —
Vajovettd mineraalimaahan 9.2 104.3 18.4 19.9 8.3 159.s
Stand transpiration —

Metsikon haihdunta . ...| 24.0+ 1.0/ 35.0+5.0 | 24.0+3.0 | 21.0+3.0 [ 12.040.5 | 116.04+12.5
Balance — Erotus ...... | —160 | +640 | — 90 | — 40 |~—4o |~+3lo
Open area C — Aukeaala C
Seepage to mineral soil —

Vajovettd mineraalimaahan 13.5 177 | 16.3 21.0 9.7 178.1
Open area D — Aukea ala D
Seepage to mineral soil —
Vajovettd mineraalimaahan 15.7 128.4 19.8 26.1 11.7 201.7

roots of the spruce stand are in the humus layer, of the birch stand approx.
30 per cent. Obviously the water transpired by the stands must derive
partly from humus layer and partly from mineral soil. Had it been possible
to determine quantitatively the water uptake by tree roots from the
humus cover it is logical to assume that the seepage into the mineral soil,
indicated above, would have decreased by the amount of transpiration
water absorbed by the tree roots from the humus cover. However, the
evapo-transpiration from humus was here calculated excluding the

62.4 The development of spruce forest on raw humus sites in northern Finland ... 263

uptake of water by the tree stand. The transpiration by the stands can
therefore, purely for calculation purposes, be subtracted from the seepage
into the mineral soil. This gives the water balance presented in Table 67.

In conformity with the premises given, the relatively weak transpiration
of the spruce stand (note the influence of the birch element) has, with a
weak tendency to drain, the effect of balancing fairly evenly the removal
and supply during all the ecological periods except one, the heavy rain
period of June 23 — July 23, 1951, when a very great surplus of gravitat-
ional water developed.

Conditions in the birch stand were different. Here, too, the period of
rains resulted in a surplus of gravitational water it is true, but it was a
considerably smaller one than in the spruce stand. But during high and
late summer a definite deficit arose. In other words, the birch stand
reduced the water content of the mineral soil much more effectively than
the spruce stand. The difference between the parallel stands, according
to the present results, seems to be somewhat greater in favour of the birch
stand than is indicated e.g. by Polster’s tables (1950, pp. 67—68).
This holds good even if the different density of the stands compared is
taken into account. The difference is perhaps explicable in the first place
from the differing physiological vitality of the objects compared. At
young age the birch stand is enjoying its most intense development (cf.
Ivanov & al. 1951, p. 19), while the secondary spruce stand is already
showing distinct signs of ageing. A comparison with the transpiration
values from Pisek & Cartellieri (1939), on the other hand,
points to another direction. According to them, birch stand transpiration
per area unit should be 60 per cent higher than spruce stand transpiration.
In tabulated form, the comparison gives the following values for the
different authors (Table 68).

Considering the difference in latitudes, the agreement between the
results obtained by Pisek & Cartellieri, Ivanov & al. and the
present author is surprisingly good. Nevertheless, Polster’s, Stal-
felt’s and Dmitrijev’s values may very well give the true picture
for young and medium-aged fully-stocked stands.

The root zone of the mineral soil down to 0.s m contains per sq.m
approximately 190 litres (approx. 38 volume per cent) of pore and capillary
water at field capacity, which explains why the degree of drainage did
not emerge too clearly e.g. in the resistance of the plaster blocks in the
summer of 1951. Similarly, it should be noted that considerable quantities
of water can be stored at depths relatively accessible to tree roots (0.0—



264 Gustaf Sirén 62.a

Table 68. Average transpiration of birch and spruce stands calculated by
different authors.

Taulukko 68. Koivikon ja kuusikon keskimddrdinen haihdunta eri tutkijain
laskelmien mukaan.

Author Tree species — Puulaji

Tutkija Birch — Koivuismuce——Kuusi

Transpiration per day, mm
Haihdunta, mm/pv

| Pisek & Cartellieri ...... 2.53 1.57
Polster ................ 4.70 4.30
Stalfelt ................ - 1.90—3.50
Dmitrijev, 10.000 stems/ha 5.66 4.88
Dmitrijev, 2.000 stems/ha l.aa 0.98
Ivanov & al. .......... 2.4—2.8 —
Present author — Tekijd 1.89 1.28

1.0 m) and in the event of a deficit in the higher soil layers capillary water
can be absorbed fairly easily by sufficiently deep tree roots (cf. Stal-
felt 1944, p.56). But the prolonged drought of 1950 seems to have
affected the resistance of the plaster blocks very markedly, which entitles
us to conclude that a big water deficit prevailed in the birch stand by the
time the drought ended. A visible consequence of this was the too early
yellowing of the leaves of individual birches and the succumbing of many
herbs. It may further be mentioned that the soil was rather dry in both
stands during the winter 1950/51, in spite of the rains before the snow fall.

In any case the heavy water consumption of the birch stand during
the summer months can be considered a fact. Even in the record wet
vegetation period of 1951 the »debit and credit» in the water management
of the birch stand balanced in the neighbourhood of equilibrium whereas
the spruce stand showed a definite surplus of gravitational water. Had
there not been an element of birch in the spruce stand the surplus would
obviously have been greater still. In this connection it may be of interest
to compare mutually the total transpiration in the parallel stands. In the
birch stand the total transpiration (evapo-transpiration of ground cover
plus transpiration of the stand) equals a precipitation of about 310 mm.
The corresponding figure for the spruce stand is 255 mm. The difference of
55 mm concurs accidentally as it seems with the results gained by A.Sirén
(1949) in his hydrological investigations, according to which a temperature

Y
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rise of 1°C induces an increase of 57 mm in total annual transpiration.
Naturally the specific dissimilarities between birch and spruce as species
are valid considerations, but on the other hand there was also a slight dif-
ference in the temperature (and in air humidity, exchange etc.) of the
parallel stands especially in early summer in favour of the birch stand.

Furthermore, tree roots are not the only water absorption organs in
the mineral soil. Both shrubs and herbs have roots extending into mineral
soil, and Deschampsia flexuosa deserves special mention (cf. Kiven-
heimo 1947, pp. 44—45). The values quoted above for »seepage to
subsoily, in other words, are somewhat too high especially for the birch
stand with its plentiful Deschampsia. The above difference of 55 mm
between the total transpiration of the spruce and birch stand in the
summer of 1951 can well be considered rather conservative.

Summary of the water management of the stands

This section of the investigation aimed at illustrating the water manage-
ment in typical North Finnish spruce and birch stands. The quantitative
analysis covered precipitation, interception by tree crowns, run-off along
stems, interception by ground cover including evapo-transpiration, trans-
piration of stands, seepage into mineral soil, and possible gravitational
water draining off into lower soil layers (subsoil).

Among the results of this versatile study, the following may be stressed:

(1) Total interception by the crown canopy was greater in the spruce
stand in spite of its sparsity. In the birch stand stem run-off averaged
approx. 8 per cent throughout the period of study. A great difference,
however, obtained between the rainfall on a dry and on wet crown canopy;
interception after dry weather was computed at approx. 1..—2.5 mm, and
after damp weather, probably adhesive entirely, at 0.—1.1 from a pre-
cipitation of 5—15 mm. Interception by the spruce stand was particularly
great in »misty» rain. Precipitation onto the soil surface, therefore, was
somewhat greater in the birch stand.

(2) Interception by the ground cover was greater in the spruce stand.
Primary contributory factors were the rich moss vegetation and thick
humus layer. On the other hand, the specific water-holding capacity of
humus was greater in the birch stand.

(3) The total evapo-transpiration of the ground cover was greater in
the spruce stand. In addition to the water supply from greater interception,
the large transpiration surface of the flora also affected the result. The
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birch stand, on the other hand, had other »water pumps» in the form of
grasses and herbs. Evapo-transpiration was particularly great from the
cleared sample plots. From a comparison of similar cleared areas and
stands, the spruce stand was found to have a more marked inhibitory
effect on evapo-transpiration than the birch stand. Consequently, the
greater evapo-transpiration in the spruce stand is caused by larger quanti-
ties of readily available water in the ground cover.

(4) Seepage down to the mineral soil was least in the spruce stand
and greatest in the cleared areas, in spite of their more intense evapo-
transpiration from the ground cover.

(5) The birch stand transpired more water from the soil than the
spruce stand. Especially during high summer the difference in the intensity
of transpiration was remarkably great. Taking into account the precipita-
tion of the whole summer, there was less surplus draining off to the lower
soil layers in the birch stand than in the spruce stand. The amount of
gravitational water was particularly great in the cleared sample plots.

(6) The annual variation in soil moisture can be characterized, broadly
speaking, as follows. Immediately after the snow has melted the top layer
of soil is saturated, upon which a certain drying interrupted by summer
rains takes place. Autumn rains as a rule re-establish full saturation. The
beginning of winter, with the ground cover frozen, makes water supply
to the mineral soil impossible; as a result of the water uptake by the
trees, strongly reduced.but nevertheless more or less continuous, the
mineral soil goes on drying up to some extent until the next snow melting.

(7) The water supply to the root zone occurs mainly in the form of
seepage from above. Only during prolonged periods of drought may there
be any greater water uptake from the lower soil layers.

Considering that the ground cover absorbed more water in the spruce
stand, in which the total transpiration was less and the amount of stored
water greater than in the birch stand, the soil in the spruce stand must
be considered, generally speaking, to be characterized by a higher moisture
content than the birch stand soil. An indication of the correctness of this
reasoning is the immigration of certain swamp-plants (Equisetum, Ledum)
especially on cleared area with a thick ground cover. The thicker the
raw humus layer the more problematic the water management, resulting
in increased moisture content which favours the growth of the mosses
(cf. Aaltonen 1948, s. 180—181).

* *
*
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In applying the above results pertaining to water management in stands
on HMT great attention must be devoted to the different developmental
stages of the successions. Primary stands, it will be remembered, are domi-
nated by birch up to an age of 130 years, after which spruce gains pre-
dominance. Hence a comparison of young primary and secondary stands
can probably be reduced to a comparison of the birch stand studied above
with the cleared area cut in spruce forest that has originally typical HMT
ground vegetation. An essential dissimilarity is the water content of the
ground cover and mineral soil, considerably lower in the primary birch
stand. Young secondary stands are sometimes characterized also by
certain features indicating beginning paludification (Equisetum, Ledum).
Bearing in mind that older secondary stands are usually more sparsely
stocked than comparable primary stands, it may be logical to assume that
there is no adjustment in the water balance in favour of the secondary
stand in later phases of development. It is therefore probable that se c-
ondary stands in all stages of development have
a greater soil moisture content than primary
stands. In the conditions of moraine soils in North Finland, however,
this is no advantage, rather the contrary.

This statement seems perhaps surprising in the light of the observations
made by eg. Homén (1917) and Lukkala (1934). They found
in contrast to the'results mentioned above that forest fires promote the
paludification of the Finnish forest. This may prove true in certain cases,
but can evidently not be considered a rule.

Finally, it may be added that a persistent paludification process is a
reality also in the succession phases following the secondary forest. It
should be noted that continuous water saturation in the root zone may
impair the root activity considerably (cf.e.g. Kramer 1949, p.23).

Soil aeration

In the preceding chapters it was concluded that the crown canopy
and ground cover in the two parallel stands affected the water management
of the mineral soil differently. As another ecological factor, soil aeration,
is largely dependent on the water content of the uppermost soil layers it
was natural to assume that dissimilarities in aeration should exist between
the two parallel stands.

For various reasons soil aeration in spruce stands has generally been
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assumed to be lower than in stands of deciduous trees. The flat and super-
ficial root system of the spruce increases the density of the underlying
soil (Wiedemann 1937, p. 241), which in its turn tends to diminish
the penetrability of the roots which, according to e.g. Thomson &
McComb (1950), declines with increased soil compactness and lower
aeration. It is a known fact that the roots of deciduous trees, especially
birch (cf. Laitakari 1935), lie at a considerably greater depth than
spruce roots and hence help to keep the soil loose (cf. also Craib 1929).
Spruce stands also further the accumulation of raw humus which, especially
on moist habitats or in areas rich in precipitation, reduces aeration (Graeb-
ner 1909, Romell 1922, Wittich 1930). The crumb structure of
the soil, which increases the number of non-capillary pores at the expense
of the water-retaining capillaries, also has better chances of forming and
persisting in e.g. birch stands due to the more rapid decomposition of
litter and the resulting increased supply of water-soluble salts. The accu-
mulation of raw humus in e.g. spruce stands, on the other hand, binds
a considerable proportion of nutrients for long periods. An element of
deciduous trees and a vegetation rich in herbs, in combination with well-
developed microflora and ground fauna, also contribute considerably to
maintaining good aeration (cf. Romell 1922). By contrast, with poor,
raw humus promoting vegetation (Némec & Kvapil 1925) and
especially Myrtillus shrubs, according to Penschuk (1931), the soil
becomes too tightly packed and aeration reduced.

Few aeration studies have been carried out in Finland. It is in the
first place Aaltonen (1932, 1940) who has dealt with problems of
this type. Heinonen (1954) has studied the connection between
unavailable water, available water and soil air in different soils under
plough, including sandy soil. Huikari’s (1954) interesting laboratory
experiments were aimed at discovering the oxygen requirements of tree
seedlings. His investigation showed that particularly pine seedlings but
also spruce seedlings are less adaptable than birch seedlings in an oxygen-
deficient root zone. It may be pointed out that Laitakari (1927,
1935) ascribes great importance from the aeration point of view to the
air passages left in the soil by dead roots. As to the aeration of HMT
spruce forests, Metsdnheimo (1936Db) is of the opinion that lack of
oxygen (= poor aeration) is one of the principal factors accounting for
the poor increment growth of spruce.

The literature on this normally little discussed problem is quite exten-
sive. From the earlier works reference is made here to Romell (1922),

-
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and from more recent studies to Aaltonen (1940, 1948), Kramer
(1949), Lundegardh (1949), Thomson & McComb (1950),
Rennie (1950) and Heinonen (1951).

Since both the earlier investigations reported and the actual meso-
climatic, phytosociological and edaphic relations in the parallel stands
made it evident that aeration in the spruce stand would be poorer than
in the birch stand, a relatively primitive determination only was made of
aeration conditions. There was all the more reason for this limitation in
the fact that Romell (1922, 1924) has established that aeration is
usually sufficient in ordinary forest soil and that raw humus as such is
no obstacle to air exchange except in heavily soaked conditions.

Although the method applied (see p.173) is not the best imaginable
(cf. Romell's 1922, p. 173 criticism of Graebner’s method), the
mutual ratio of the numerical data obtained can be considered reliable.
This partly because the experiments were effected in relatively moist soil,
partly because the pressure in the pressure chamber was increased according
to a time-table for both stands and was the responsibility of one person
throughout. The results were as follows:

Number of Maximum Minimum
readings resistance resistance
in average
Birch stand mineral soil 144 50.9 9.3
Spruce stand mineral soil 144 59.6 9.4

It may be mentioned that the variation range was very wide, depending
on the time of seepage of the gravitational water from the humus cover
into the mineral soil. The higher resistance in the spruce stand apparently
indicates only greater temporary soil moisture at the time of the aeration
determinations. The water management »debit and credit» (p. 241) reveals
also that the mineral soil in the birch stand in reality received gravitational
water more often than the spruce stand mineral soil which was some times
protected against minor rains by the thick raw humus carpet, but in general
remained wetter than the birch stand soil. The minimum resistance indicates
similar aeration conditions in the mineral soil of both stands.

It is probable that the results would have been of a different nature
in the dry late summer of 1950. Then the spruce stand largely retained
its soil moisture while the topmost soil layers of the birch stand dried
intensely towards the end of the drought period (cf. p. 243). However, it
is more than risky to assume that the increased aeration compensates the
new possible minimum factor, i.e. shortage of water, in favour of the trees.
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The results obtained suggest above all that the birch stand shows
wider amplitudes of aeration in the mineral soil. Bearing in mind that
water content is usually the decisive factor in such cases (cf. Romell
1922, Kramer 1949, Heinonen 1954), this is understandable.
But aeration is also dependent on the ground cover, especially if it is
moister than the normal. As to the aeration conditions of the mineral soil,
it may also be mentioned that the pore percentage, determined separately
(by the water saturation method), proved to be the same for both stands,
i.e. 44.5 per cent of the total volume at a depth of 30 cm.! Evidently this
pore percentage at any rate guarantees a fairly high volume percentage
of air channels even at water contents around field capacity. Gravitational
water, it is true, was found more often in the birch stand with its thin
humus cover. On the other hand its mobility was relatively high, and
according to Romell (1922, p. 201) it can be assumed in such cases
that surplus water seeps through so soon that there should be no appreciable
difficulties of aeration during temporary wet periods. In addition, small
quantities of gravitational water at short intervals may be assumed to
carry dissolved oxygen into the soil (cf. e.g. Hesselman 1926). The
large amount of dead roots in the birch stand plays perhaps an important
role in the aeration of the mineral soil.

It was mentioned that the sphygmomanometer readings applied only
to the mineral soil. The mineral soil, however, lay under a humus cover
of varying thickness and dissimilar in many respects in the two stands.
The thick raw humus carpet in the spruce stand was capable of storing
approx. 24—30 1/sq.m of water, while the corresponding figure for the
birch stand was 15—201/sq.m depending on local variations in the
humus cover. It was also found that the evapo-transpiration rate in the
spruce stand was insignificantly higher, the natural result being that the
humus dried more rapidly in the birch stand. This in its turn means that
aeration in and through the humus was considerably more effective in
the birch stand. After heavy rains, consequently, the humus cover and
especially its H-layer were saturated for a longer time in the spruce stand
than in the birch stand. It follows directly that aeration conditions in the
underlying soil layer suffer more in the spruce stand. Under special pre-

1 This concurs well with the values reported by Aaltonen (1940, p. 125) for
sand and fine sand (cf. also Aarnio 1931), but is not in such close agreement with
T am m’s results from fine-sand moraine (1940, p. 178), perhaps because the samples
were taken at different depths; as is known, the pore percentage falls rapidly from the
surface downward.

-4
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cipitation conditions even an upper water table can be said to exist in the
H-layer of raw humus, at least locally. Of certain interest are the findings
obtained by Romell; in an early study (1922) the results correspond
well with the above view, but in a later paper (1928) he puts forward
contrary opinions.

By way of summary of the limited study of the aeration conditions
in the parallel stands, it can be said that the direct results warrant no
definite conclusions whatever. Indirectly, however, certain conclusions
are perhaps permissible and the special investigations of earlier authors
enhances their validity. It seems evident, for instance, that variable
weather increases the range of soil aeration values in the birch stand
more than in the spruce stand. Similarly, it is to be assumed that the
thick raw humus cover, with its great capacity for storing water, has a
disturbing effect on aeration both in the raw humus cover itself and in
the underlying mineral soil.

It seems self-evident that the present incomplete investigations into
the aeration of the parallel stands cannot be applied to the two successions
compared previously. If the thick raw humus cover actually has the
inhibitory effect on aeration ascribed to it by Wittich (1930) and
others, it may be assumed, bearing in mind what was reported above,
that secondary spruce stands, because of their thicker raw humus cover
and smaller crown canopy interception, are more likely to have a high
water content in the ground cover than in the mineral soil. In addition,
they have a smaller and more superficial reot mass primarily of spruce roots,.
besides a number of qualities discriminating with a view to soil aeration,
as reported in earlier literature (cf. p. 268).

Consequently, it is probable that as regards this ecological factor also
secondary stands occupy an inferior position to primary stands which,
purely theoretically at least, should possess excellent aeration conditions.

Soil temperature

It has long been clear that soil temperature was one of the factors
on which the plant’s absorption of water and the nutrients dissolved in it
depended (see e.g. Kosaroff 1897, according to Lundegardh
1949). In spite of the difficulties of investigating the reaction of tree plants
to variations in soil temperature in otherwise constant conditions e.g.
A dams (1934) has managed to demonstrate a firm correlation between
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the temperature of the substratum and the growth of pine seedlings (Pinus
strobus). Also Ladefoged (1939) studied the influence of soil tem-
perature on the root growth of different tree species both in natural and
laboratory conditions and found a very close correlation. For spruce the
growth rate of roots was very slow at temperatures below + 10°C and over
-+ 32° C; whereas a temperature of about + 24—+ 26° C gave a distinct
optimum root development. The poor growth at low soil temperatures is
the combined result of several factors. Absorption of water by the roots is
greatly reduced (cf. Rouschal 1935, citedby Lundegardh 1949),
no doubt partly because of the increased viscosity of soil water. A low soil
temperature also results in a more or less reduced intensity of chemical,
physical and biological processes in the soil in general (cf. e.g. Fehér &
Frank 1938).

Although soil temperature is not devoted nowadays the same atten-
tion as e.g. the water management of soil, the literature on this eco-
logical factor is already so extensive that only a cursory review can be
offered in this connection.

Wollny (1880) discovered empirically that the soil temperature
rises if the surface layer dries; at the same time total evapo-transpiration
from the soil decreases. H o mé n (1893, 1896) explained this phenomenon
by demonstrating that a high water content in the soil raises its thermal
capacity. In other words, a given amount of heat will raise the temperature
of wet soil less than of similar soil in dry condition. On the other hand, the
thermal conductivity of wet soil is better than that of dry soil — though
this advantage is offset by the heat losses from evapo-transpiration at the
soil surface. In cold regions, however, according to Benninghoff
(1952), the increased conductivity due to water is apparently the factor
of greater importance. On comparing soil temperatures in the forest and
on open areas, Homén (1893), Schubert (1900) and other authors
found that the annual mean was both lower and showed smaller amplitudes
in forest soil. Of the different tree stands, spruce in particular seems to have
a moderating influence on soil temperature fluctuations (see e.g. Biihler
1918, Kiar 1922, Schubert 1930, Mork 1933, Angstrém
1936—1937, Raup 1946, Saharov & Saharova 1951, and
Maran & Lhota 1953). The levelling effect of spruce stands tends
to delay soil ice formation in the autumn and thawing in the spring to a
degree that varies with the density and structure of the stand (cf. e.g.
Ronge 1928, Angstrom op.c, and Priehdusser 1939). The
great importance of ground cover is emphasized by Kiar (1922). The
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snow cover too is a special form of heat-insulating ground cover. Its gen-
eral influence on soil temperature has been thoroughly investigated by
Kerédnen (1920, 1929). The depth of snow cover in different spruce stands
has been studied e.g. by Ronge (op.c) and Priehidusser (op.c.),
who have devoted special attention to the effect of snow on soil ice forma-
tion and thawing processes. Increasing insolation through heavy thinnings
of dense spruce stands may result in a considerable improvement in the
soil temperature conditions (cf. e.g. Ronge op.c, Wallén 1928,
and Angstrom op.c.).

It is a generally known fact that tree growth in North Finland is much
slower than in the southern half of the country. Blom qvist (1872)
attributed it primarily to the lower temperature. Kerinen (1943),
Hustich (1948 a and b), Mikola (1952), and others have
subsequently shown that temperature in fact is the decisive minimum
factor. It may be pointed out, further, that Aaltonen (1940) ex-
pressly emphasizes that the importance of soil temperature is enhanced
in macro-climatically cold regions. The latitude deserves emphasis. The
temperature in general and the soil temperature especially may exert a
decisive influence on the growth of trees and e.g. the phytosociological
composition of forest site types in North Finland (cf. Sarvas 1952)
and yet be simply a secondary factor at lower latitudes. In Minnesota, for
instance, Corson, Allison & Cheyney (1929) found no correla-
tion between soil temperature and forest site types.

Although studies of forest soil temperature have generally been confined
to individual cases only (Homén 1893 etc., Karstén 1921) in Fin-
land practical foresters are relatively clear about the unfavourable influence
of spruce forest on the heat economy of soil (cf. e.g. Metsdnheimo
1936b, Sipi 1937and Oksanen 1938). Tertti stresses particularly
the -poor thermal conductivity of raw humus (1939, pp. 151—152). By
adding mineral soil to the peat on swamp lands drained for cultivation
Pessi (1954) managed to increase its thermal conductivity. As far as
thermal conductivity goes peat is probably comparable with the raw humus
layer in northern spruce forests. Among other recent Finnish soil tem-
perature studies Juusela’s (1945) investigation of the interaction
between soil moisture content and soil temperature changes has to be
mentioned.

Judging from earlier studies, the soil temperature in tree stands depends
in the first place on insolation and the depth and structure, i.e. thermal
conductivity of the soil cover. The sample plot stands at Siulio gave dif-

18 — The development of spruce. . . .
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fering pictures for these points. In other words, the soil heat economy
pattern in the parallel stands must be expected to prove different.

A considerable number of determinations were carried out on all the
sample plots in both 1950 and 1951 in order to ascertain the differences in
the temperature conditions of the soil. The method applied for this special
study has been described before (p. 170). The material collected provided an
opportunity of making a detailed study of both the diurnal and seasonal
variation in the stands and the openings. As the accent in the problem is on
comparison between the two stands, temperature data on the openings
will only be presented in so far as they bear on the main problem. It may
be pointed out that the abundant material supplied by temperature read-
ings from the openings revealed nothing essentially new. In principle, soil
temperature in the openings is related to that in the stands in the way
described by Homén (1896), Schubert (1900) and others over
fifty years ago. Increased insolation resulted in intensified heating of the
soil, greater evapo-transpiration and a high air temperature during the day
and extreme cold in the open areas on clear nights.

However, the two parallel stands revealed quite interesting data for
comparative purposes. Certain significant dissimilarities could be clarified
with aid of the approximate basic equation for the heat economy of the
soil surface: $;, = Q, + Q, + Q; (cf. e.g. Franss ila 1949, p.31).
A general survey in tabular form of the mutual relationships of these
components illustrates the point (cf. Table 69).

A priori, it can be assumed that radiation (S,) is 4- proportionate to the
illumination values beneath canopy. Proceeding from this assumption, it
seems obvious that the birch stand soil surface received more heat before
and after the leafing period than the spruce stand (the increased insolation
after defoliation need not be taken into consideration in view of the season
of the year when it occurs). Furthermore, it was concluded in an earlier
chapter that evapo-transpiration from the ground cover was greater in
the spruce stand. Consequently, the quantity of heat involved in this
process (Q,,) must be smaller in the birch stand. The sum of the heat quanti-
ties available for raising the temperature of the soil (Q,,) and of the air (Q;)
therefore must be considerably higher in the birch stand in the early sum-
mer.

It was established before (p. 195) that in the early summer the rise in
the temperature of the air within the birch stand was greater than within
the spruce stand. In terms of calories consumed, however, the difference
was fairly insignificant (cf.e.g. Franssila 1949, pp. 33—35). Con-
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Table 69. Components of the heat economy in the parallel stands at
Siulionpalo during the different ecological periods in summer 1951.

Taulukko 69. Ldmpdtaloustekijdin suuruus eri ekologisina kausina Siulionpalon rinnak-
kaismetsikoissd kesdlld 1957.

(/)‘pen area | Birch stand 1 Spruce stand
Ecological period ukea ala Koivikko \ Kuusikko
Ekologinen kausi ‘ Heat economy components — Ldmpétaloustekijdt
St St Qn Qm+Q; | St Qn Qm+0;

1
1 cal/sq.cm/min — cal/cm?/min
|

|
1

June 4 — June 7

Kesdk. 4 — Kesdk. 7 . 0.62 0.10 0.07 0.33 0.25 0.08 0.17
June 8 — June 22

Kesdk. 8 — Kesdk. 22 . 0.57 0.29 0.05 0.21 0.19 0.05 0.12
June 23 — July 23

Kesdk. 23 — Heindk. 23} 0.42 0.10 0.07 0.0 0.1 0.08 0.06
July 24 — Aug. 10 i

Heindk. 24 — Elok.- 70, 0.31 0.08 0.03 0.05 0.1 0.04 0.07
Aug. 11 — Sept. 5 ‘

Elok. 11 — Syysk. 5 . 1 0.20 0.05 0.04 0.01 0.07 0.04 0.03

sequently the amount of heat entering the soil was relatively great in the
birch stand. This is also obvious from the differences in temperature at
various depths. Fig. 76 shows that heat absorption by the mineral soil was
lower in the sp.uce stand by day, though this was compensated to some
extent by less heat loss at night due to the thick raw humus cover.

The total insolation for the opening could be determined approxima-
tely by actinograph. This and the fact that light measurements in the stand
provided information on insolation conditions during the different ecological
periods made it possible to compute the sum of Q,, and Q,, with the aid of
the evapo-transpiration from the ground cover, for the two parallel stands
during the ecological periods (Table 69).

Even though approximate values, the ratio between the (Q,, + Q,) of
the two stands is well in keeping with the real temperature conditions both
in the soil and in the air within the stand. During the early summer the resi-
dual quantity of radiation available for the heating of the soil and air within
the birch stand exceeded by 0.16—0.10 cal/sq. cm/min the corresponding
quantity for the spruce stand. The result was warmer air and a higher
soil temperature in the former.
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Temperature, °C
Ldmpétila, °C
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Fig. 76. Soil temperature variations in spruce stand A and birch stand B, June 21, 1951.

Kuva 76. Maan ldmpétilanvaihtelu kuusikossa A ja koivikossa B kesdkuun 21.7951.

But during high summer conditions in the two stands were largely
similar, even though the birch stand had a somewhat lower insolation
than the spruce stand. This notwithstanding, the great lead in soil tempera-
ture gained by the birch stand during early summer could not be comple-
tely levelled by the changed insolation conditions.

By the end of early summer the soil temperature diurnal amplitudes in
the birch stand had narrowed (Fig. 76). A study of the temperature dia-
grams for the full observation days revealed that this was the rule until the
beginning of defoliation. Then came a short period of large temperature
differences due to the influence of the loose leaf litter present. Once the leaf
litter was moistened and compressed into a compact carpet with a better
thermal conductivity the normal smaller temperature amplitudes again
became the rule.

The thermal conductivity as such of the ground cover of both the stands
was poor (cf. e.g. Tkatschenko 1929, pp. 125—126). The humus
layer in the birch stand was both thinner and more compact and
particularly the H-layer was mixed with mineral soil, and this naturally
had a positive effect on thermal conductivity (cf. Pessi 1954,
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pp. 67—70). The specific gravity of birch stand humus was approx. 0.6
as against O.o070 in the spruce stand. However, it is probable that the real
thermal conductivity in summer 1951 was of the same order due to the nu-
merous showers that kept the raw humus layer at more or less constant
moisture (cf. e.g. Juusela 1945, p. 178). Of course there were also
periods during which the conductivity of the birch stand ground cover was
poorer because the humus had dried up (e.g. late summer 1950). But, on
the other hand, then no heat was lost through evaporation.

The changes in soil temperature in the course of the summers of 1950
and 1951 are visible from Table 69 and the curves of Figs. 77—81.
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Fig. 77. Soil temperature variation at mineral soil surface in summer 1950.
A = spruce stand, B = birch stand, C and D = open areas.

Kuva 77. Maan ldmpétilan vaihtelut mineraalimaan pinnassa kesdlki 7950.
A = kuusikko, B = koivikko, C ja D = aukeita aloja.
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- Temperature, °C
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Fig. 78. Soil temperature variation at a depth of 50 cm in summer 1950.

Kuva 78. Maan ldmpdatilan vaihtelut 50 cm syvyydessd kesdlld 7950.

It is reasonable to assume that the temperature curves are of the cur-
rent type for summer 1950 (Figs. 77—78). Of special interest is the big
difference between the spruce stand (A) and the opening with very thin
humus (D). As early as mid- June 1950 the temperature difference at min-
eral soil surface is approx. 8° C (cf. Mo rk 1933) and in mid-August the
difference is still approx. 3° C in favour of the opening. In the birch stand
also the soil temperature is higher than in the spruce stand; the difference
is greatest in early summer. The thick humus covered opening C showed
soil temperatures of the same order as the birch stand right up to the
beginning of the autumn at all the depths studied. The final equalization
between all the sample plots did not occur until the end of September/
beginning of October. The spruce stand with thick ground cover probably
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Temperature difference, °C
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Fig. 79. Soil temperature difference between the birch and the spruce stand at various
depths in summer 1950.

Kuva 79. Koivikon ja kuusikon maan ldmpdtilan erotus eri syvyydelld kesdlld 1950.

showed higher soil temperatures during the winter (cf. e.g. Schubert
1900, Luboslavsky 1909) than the birch stand in spite of the latter’s
deeper snow cover. Equalisation in soil temperatures at 50 cm was natur-
ally later than nearer the surface. The differential curve for the soil tem-
perature of the parallel stands (Fig. 79) emphasizes further that the birch
stand had a considerably warmer surface layer than the spruce stand,
especially during early summer; throughout the vegetation period the dif-
ference in the surface layer of the mineral soil varied between 1—4.5° C,
a fact that cannot be without ecological significance, especially consider-
ing the biological activity of the soil. Ladefoged (1939) found that
spruce roots develop twice as quick at a temperature of + 12° C than
at + 8°C.

Summer 1951 reveals a totally different temperature pattern. The soil
was colder from the beginning, due to the late start of summer. The numer-
ous cool showers during early summer helped to delay the warming of the
soil (cf. e.g. Leyst 1890) and intense evapo-transpiration caused heavy
heat losses. In spite of the rains, which had a levelling effect on thermal
conductivity, the soil seems to have remained warmer throughout the
summer in the birch stand than in the spruce stand. This may be in part
explicable from the fact that many of the relatively warm late summer
showers penetrated through the birch stand ground cover while intercep-
tion in the ground cover of the spruce stand prevented the rain water
from reaching the mineral soil and thus evening out temperature differences
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Temperature °C
Lampotila °C
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Fig. 80. Soil temperature variation at mineral soil surface in summer 1951.

Kuva 80. Maan ldmpétilan vaihtelut mineraalimaan pinnassa kesdlld 7957.
A = kuusikko, B = koivikko, C ja D = aukeita aloja.

(cf. e.g. Luboslavsky 1909). The temperature trends at mineral
soil surface and at 50 cm can be seen from Figs. 80—81. To show up still
more clearly the dissimilarity between the spruce and birch stands soil
temperature means at various depths have also been computed for the
different ecological periods. Some of the most interesting temperature
series and differences are given in Table 70.

Generally speaking the soil temperature in June 1951 can be considered
low, especially in the spruce stand. It is also seen that the difference in the
temperature of the surface layers of the parallel stands (B—A) was greatest
during the early summer and diminished towards the autumn. The effect of

62.4 The development of spruce forest on raw humus sites in northern Finland ... 281

Temperature, °C

Ldmpétila, °C
13
12 o
/\\\_/’ A
1" : ]
. {
/ / / ¥// 2 e
/ \ /o %
o VAV

6 N
5 N
4
A=
3 B: .........
Ce ——
2| > R
1
16 1 16 " 6 1 16 1 16
June - Kesak July -Hemnak Aug - Elok Sept -Syysk Oct -Lokak

Fig. 81. Soil temperature variation at a depth of 50 cm in summer 1951.
Kuva 81. Maan ldmpétilan vaihtelut 50 cm syvyydessd kesdlld 1951.

defoliation at the end of August/beginning of September on soil temperature
was discussed above.

Table 70 and Figs. 80—81 also reveal that the thawing of soil ice was
somewhat later in the spruce stand than in the other sample plots. Observa-
tions in the field showed that the soil in the spruce stand had frozen une-
venly and, besides, thawed some two weeks later than the soil of the other
sample plots (cf.e.g. Schubert 1900, Ronge 1928and Arnborg
1943). Especially the border zone between humus and mineral soil thawed
extremely slowly. As late as Midsummer 2—3 cm thick soil ice was found
in the upper A-horizon on the heavily shaded north side of spruces. Itis
worth pointing out that all indications suggest that the soil ice in the
spruce stand thawed in the main from below, in contrast to the case in e.g.
Germany (cf. Priehdusser 1939). The soil in the birch stand froze
earlier and deeper than the spruce stand soil, and yet the soil ice thawed
considerably more rapidly in the former.
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Table 70. Mean temperature of soil at different depths during the different

ecological periods in the birch stand (B) and the spruce stand (A), and

the differential for figures of these stands (B—A) and the open area (C)
and the spruce stand (C—A) at Siulionpalo 1951.

Taulukko 70. Maan keskimddrdinen ldmpditila eri syvyyksissd eri ekologisina kausina

koivikossa (B) ja kuusikossa (A) sekd limpdtilaerotus (B — A) sekd aukean (C) ja kuusikon
(A) ldmpédtilan erotus Siulionpalossa v. 1957.

Depth of tem- i Ecological period — Ekologinen kausi
perature record- | | ‘ |
ing, cm . June 23— July 24— | Aug. 11—
Limpotilan  |0"0€ 4—7 { June 8—22 | “July 23 | Aug. 10 | Sept. 5 |Sept.6—23
mittaussyvyys, |Kesik.4—7 — KesdR- | Kesip 23-| Heindh.24- | Elok. 11— Syysk.
cm | 8—22 | Heindk. 23| Elok. 10 | Syysk. 5 6—23
Mean temperature, °C — Keskildmpditila °C
Birch stand (B) — Koivikko (B)
+ 2(H)? 2.38 7.1 9.31 11.10 11.77 7.50 ‘
02 0.93 4.11 8.33 10.32 11.48 T.96 |
— 6 0.83 3.31 T.70 8.92 10.88 T.86 |
— 20 0.70 2.87 T.01 8.76 10.29 8.27
— 50 0.88 2.43 6.15 8.05 9.43 8.4
|
Spruce stand (A) — Kuusikko (A) \
+ 4(H) 0.38 3.64 8.15 10.08 11.44 6.40
0 —0.20 1.1 6.50 8.60 10.30 T
— 6 —0.05 1.53 6.16 8.42 10.14 T.72
— 20 —0.15 0.89 5.75 7.97 9.66 8.07
— 50 0.50 1.36 5.15 T.33 9.08 8.31
Difference B—A — Erotus B—A
(H) 2.00 3.7 1.6 l.o2 0.33 1.10
0 1.3 2.95 1.83 1.72 l.s 0.85
— 6 0.88 1.78 1.53 1.50 0.7a 0.14
— 20 0.85 1.98 1.26 0.79 0.64 0.20
— 50 0.38 1.07 1.00 0.72 0.35 0.13
Difference C—A — Erotus C—A
(H) 4.35 3.01 2.07 1.96 1.23 0.59
0 3.48 4.48 2.96 2.59 1.90 0.23
£ 3.45 4.3 2.78 2.21 l.72 0.21
— 20 3.10 3.82 2.65 2.18 1.67 0.41
— 50 1.65 2.30 1.86 1.52 1.05 0.13

1 (H) refers to the half depth of the humus layer — (H) tarkoittaa humuksen pak-
suuden puolivilid.

* 0 = mineral soil surface — 0 = mineraalimaan pinta.
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The other differential series in Table 70 refer to a comparison of the
temperature in opening C (with thick ground cover) and in the spruce
stand. The figures illustrate distinctly the much more unfavourable soil
temperature conditions in the stand throughout the vegetation period.
A comparison with differential figures B—A reveals that the birch stand,
in contrast to the conditions of the previous summer, had a higher soil
temperature than opening C only inthe humus cover and that just before
Midsummer. The explanation may be that opening C was burnt over
immediately after Midsummer. Only the living shrub and moss cover were
destroyed, but even their elimination and the resulting black surface layer
produced perceptible changes in thermal conductivity conditions, though
they were changes that the numerous showers offset to some extent. In
any case opening C showed a higher soil temperature than the birch stand
almost throughout the vegetation period to the beginning of autumn in
contrast to the case in summer 1950.

In order to obtain a more correct idea of the extent to which effective
burning changes the temperature conditions of the soil on thick-moss
habitats, further special measurements were made on some well burnt
spots. Heat absorption by the mineral soil covered in a thin layer of coal -
and ashes proved effective, but the outgoing radiation also was great. From
observations during a total of five rainless days in July-August 1951 it
was concluded that the diurnal temperature just below mineral soil surface
(depth = 1 cm) averaged approx. 6—8° C and, momentarily, at noon even
approx. 20° C more than in the corresponding spruce stand soil layer. In
specially dry and hot summers, in other words, temperatures (50—55° C)
fatal to germinating seedlings may occur (cf. e.g. Baker 1929, Vaar-
taja 1950) at soil surface on burnt-over habitats. The extent to
which such hot drought periods affect the stabilization of plant material
in Lapland is still under study.

The gist of the investigations into forest soil temperature on the four
sample plots at Siulionpalo ecological station is briefly as follows:

Opening (D) with thin humus cover was heated most rapidly and gave
the highest soil temperature readings during the two vegetation periods;
this in spite of its considerable diurnal variation.

The soil in the birch stand (B) also revealed good heat absorption before
and after the leafing period. Even in the cold summer of 1951 the tempera-
ture at mineral soil surface was approx. 2—4° C higher than in the spruce
stand (A) during the early (as a rule the most important) weeks of the
vegetation period.

Spruce stand soil was the slowest to heat up. Not until after the ter-
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mination of the vegetation period did the temperature reach roughly the
level of the other habitats studied.

The soil of the clear-cut opening C with thick humus cover as the spruce
stand, showed in summer 1950 approximately the same pattern of tem-
perature rise as the soil of the birch stand — except for the large tempera-
ture amplitudes on the surface. After the living vegetation was burnt off
the mineral soil temperature rose in summer 1951 to higher levels than in
the birch stand. Spots with completely burnt ground cover revealed tem-
perature recordings considerably above those even for the opening with
a thin humus cover.

However, the observations from Siulio ecological station are representa-
tive only of the stages of the development cycle of spruce forests actually
present there. In order to obtain a more complete picture of soil tempera-
ture differences measurements of a sample test character were made on
some parallel stands of the sample plots studied for mensurational purposes
in the summers of 1950 and 1951. The soil temperature at mineral soil
surface was found to be 1-—5° C higher in all the primary stands than in the
secondary stands. The difference was greatest between young stands of
different successions.

* *
*

It has already been pointed out that the soil temperature in tree stands
is primarily dependent on insolation and on the thermal conductivity of
the ground cover. For the former, it may be assumed that young primary
stands usually enjoy better insolation conditions than secondary stands
of the same age, at least during that part of the vegetation period when
the birch element has not reached full foliage. As to the ground cover,
primary stands show a thinner humus layer. What is more, the structure
and composition of the humus layer give it a better thermal conductivity
than that of the comparable secondary stands. The influence of the living
plant cover, different in the various stages of succession, exerts on soil
temperature has not been studied in detail in the present investigation.
Considering the great capacity of moss vegetation to absorb water and
give off vapour, however, it seems probable that the vegetation of
secondary stands retains greater quantities of heat than the ground flora,
somewhat more heterogeneous but less compact, of the primary stands.

A comparison of the soil temperature of evenaged primary and
secondary stands can start from the assumption that the difference is
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greatest at the beginning of the succession. The burnt soil definitely reveals
a mineral soil temperature that is higher than that of the unburnt soil
of secondary stands, covered with a raw humus layer several centimeters
thick and possibly only weakly activated. It can probably also be assumed
from the results that primary stands, at least as long as birch is dominant,
have a considerably higher soil temperature than the comparable secondary
stands. Once spruce supersedes birch the insolation conditions gradually
change against the primary stand. Hence in more advanced succession
stages the soil temperature differences are probably equalised unless other
factors affecting the temperature of the soil continue to keep the soil of
the secondary stands colder. An essential factor of this kind is the thicker
raw humus layer. The soil temperature in secondary stands is probably
never higher during the final stages of succession than in the comparable
primary stands. The insulation offered by the humus layer through its
structure and thickness is not in itself decisive; the heat losses from the
evapo-transpiration of the ground cover are also of considerable importance.

Nutrient content and acidity

Nutrient content in the mineral soil, litter and humus

One of the most fundamental conditions for plant growth is the nutrient
content of the substratum. The general equality of the habitats representa-
tive of the two successions as regards the nutrient content of the subsoil
has been taken in the present investigation as a basic axiom (cf. p. 53).
But this can hardly exclude a potential variation in nutrient conditions
in the higher soil layers, particularly the humus layer, in the course of the
different phases of succession. It is highly probable that the topmost min-
eral soil layer of the primary stands, at least immediately after forest
fire, showed nutrient concentrations of a totally different order to those
existing before the fire (cf. e.g. Aaltonen 1940, p. 487). The duration
of the fertilizing effect has not been ascertained, but it is usually assumed
to be short provided the new composition of tree species does not indirectly
maintain the soil improvement caused by the fire. It may be mentioned
that opinions of the effect of forest fire on soil fertility diverge widely
(seee.g. Aaltonen op.c.pp.282—287).

The nutrient content of the mineral soil was determined by a rapid
method worked out by Vuorinen (seep.43). The results showed that
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the sample plots in both successions were broadly speaking of the same
quality class, provided the quantities of calcium, potassium and phosphorus
at a depth of 55 cm can be considered suitable fertility indicators. In
order to obtain a more detailed picture of the conditions in the parallel
stands studied more accurate soil analyses were made at different depths
(5—55 cm) in these stands. The method used was described on p. 171. The
results were as follows (Table 71):

If the above figures on the substances studied can be taken as the basis
of comparison of soil fertility in the parallel stands the root zone in the
mineral soil of the two stands can be considered to be largely identical in
character, apart from the superficial layer immediately under the humus
cover. From the nitrogen, lime and phosphorus content of this superficial
layer it seems to have been directly or indirectly affected by the fire of
some 50 years ago, by the better microclimatic conditions and by the richer
litter (see p. 289) in the birch stand. Any losses of nitrogen that may have
occurred immediately after fire at the turn of the century have been fully

Table 71. Amount of total nitrogen and certain exchangeable nutrients
in this mineral soil at different depths in the parallel stands.

Taulukko 71. Kokonaistypen ja erdiden vaihtuvien ravinteiden mddrd rinnakkaismetsi-
kiiden mineraalimaassa eri syvyydelld.

Depth of “
Sample soil s;qunple,t Nutrients — Ravinteet
plot 1
Neéyteala Naytteen- | i 1 |
Y ottoscyrzyys, |  Niot- ‘ CaO l MgO i K,0 P,0; Na,0
mg/100 g dry matter — mg/700 g kuiva-ainetta
5 420 | 143 6.7 | 24 | 31 15.9
Spruce 15 119.0 | 191 10.1 35 3.28 34.s
stand 22 Zg.o \ lg.s g.s 1 f.‘i : ?.72 ?g.o
. -0 .7 6 R .96 .2
Kuusikko 45 35.0 9.5 4.5 1 1.7 : 2.02 13.9
55 35.0 8.7 5.6 | Ls | 2.4 17.5
\ \
5 72.0 20.8 T9 | 2.7 | 4ss 21.0
Birch 15 105.0 20.8 To | 2 ‘ 2.82 22.8
stand 25 63.0 11.1 45 la 2.62 21.a
Koivikko 35 49.0 9.5 45 2.3 ‘ 2.06 12.0
45 28.0 10.5 45 | 1.5 i 2.24 104
a5 35.0 12,7 6.8 1.7 ‘ 2.08 24.
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compensated since (cf. Kivekds 1939, p.38 and Aaltonen 1940,
p. 487).

The uptake of nutrients by trees, however, takes place — judging from
the root density — very largely from the humus cover. This seems to
call for a study in some detail of the nutrient content of the humus layers
of the two parallel stands; its highly varying properties, both qualitative and
quantitative, have already been discussed to some extent (pp. 149—154).
The descriptive study of the origin and macroscopic structure of the humus
cover in the different phases of succession gives very good cause to devote
attention to the properties of the litter.

As regards the sedimentary litter, it may be assumed a priori from the
findings of earlier investigations that leaf litter in the birch stand, com-
bined with small twigs and the admittedly scarce herb vegetation, is the
source of a humus of better decomposition type than the thick raw humus
in the spruce stand which consists mostly of needle litter, shrubs and mos-
ses. (For earlier studies, see e.g. Hesselman 1926, 1937, Romell
1934, Broodbent & Norman 1947, Lutz & Chandler
1949, Mikola 1954.)

The raw material that goes to build up the humus cover does not,
however, all come by the sedimentary route. A considerable proportion is
of sedentary origin, a fact to which great importance is attached e.g. by
Romell (1934). The intense activating effect on the soil exerted by the
sedentary litter also emerges from the investigations by Wiedemann
(1937) and Wittich (1930). In this respect, too, the birch stand
apparently has a better start. The number and quantity of root tips and
fine roots removed annually in investigations by the present author over
several years are much greater from closed birch stands than from
comparable spruce stands. Due to this there are weighty reasons to support
the assumption that the total nutrient content of the detached spruce
root tips is generally lower than that of birch root tips (cf. Table 72).

The difference of lime in favour of spruce roots is considerable but on
the other hand the richness in nitrogen is still more remarkable in favour
of the birch roots. By evaluation of the figures it must of course be con-
sidered that the percentages do not refer to naturally decayed roots but
to dried living roots. Beside this Dimbleby (1952 b) found from a com-
parison of analyses of the sap from surface roots of pine and birch that
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Table 72. The percentage of certain nutrients in dried birch and spruce
fine roots from the parallel stands, total analysis.

Taulukko 72. Kuivattujen koivun ja kuusen hentojen juurten ravinnepitoisuus,

totaalianalyysi.
Root species Nutrients — Ravinteet
Juurilaji N | POy | Ca0 | Mg | KO | Nao

|

per cent of dry matter — prosenttia kuiva-aineesta

Spruce roots l

i '1
Kuusen juuret ... ... 0.91 0.17 ‘X 0.59 0.22 y ‘
Birch roots ! ! ‘ l
Koivun juuret . ..... Loz ‘ 0.18 1 047 | 0as | O.o6 0.05

birch sap is richer in most nutrients. Dimble by considers this, together
with the ability of the birch to exploit the subsoil, to be a contributory
factor in the soil-improving properties of birch sap.

The real sedentary litter, however, has not been studied in the present
investigation. But the content of certain nutrients in the sedimentary
litter that fell in the same period from the parallel stands has been analysed
(Table 73).

In agreement with Aaltonen’s (1950) and Viro’s (1950) findings
of litter crop in stands of different tree species on the same soil quality
class, the litter in the birch stand was richer in nutrients than that in the
spruce stand. Only in lime do they seem equal (the litter in the spruce stand
included some 10 per cent birch leaves), but even then, regarded in the light

Table 73. The percentage of certain nutrients in the litter of birch and
spruce stand, total analysis.

Taulukko 73. Koivikon ja kuusikon karikkeiden ravinnepitoisuus, totaalianalyysi.

Sample plot Nutrients — Ravinteet

Niyteala N | CaO0 | Mg0 | KO0 | PO, | Nao

per cent of dry matter — prosenttia kuiva-aineesta

Spruce stand l
Kuusikko .......... 0.64 0.92 0.36 0.36 0.26 0.11

Birch stand
Koivikko .......... 0.78 0.92 0.54 0.69 0.49 0.07
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of the total litter crops, the birch stand seems to be superior (cf. Svin-
hufvud, see Aaltonen 1940, p. 264, 270). The litter crop in the
parallel stands was determined quantitatively too. As the collection box
system did not work faultlessly during the winter no absolutely reliable
figures can be given for the whole year. Nevertheless, there is no doubt
that the litter crop in the birch stand exceeded that of the spruce stand,
the means for May-August notwithstanding (birch stand 96 kg/ha/month,
spruce 160 kg/ha/month). During the approximately month-long defolia-
tion period the litter crop from the birch stand was 1600 kg/ha. Added to
the normal monthly litter crop, it puts the birch stand well ahead of the
spruce in litter crop for the whole year. It should be borne in mind that
the litter crop in spruce stands is normally greatest during the summer
months (cf. e.g. Mork 1944). On this basis, it can probably be assumed
that the annual fall of litter in birch and spruce stands, respectively, is
approx. 2600 and 1900 kg/ha. The absolute nutrient quantities added
to the soil in the two stands by these litter quantities are thus (Table 74):

The quantitative superiority of nutrient supply to the birch stand
humus seems indisputable.

Birch litter from the spruce stand was also studied separately; these
leaves, too, were found to be considerably poorer in nutrients other than
lime — this applies particularly to nitrogen, potassium and phosphorus
— than the birch leaves from the birch stand. Bearing in mind that A a I-
tonen’s study (1950, pp. 16—17), based on extensive material, showed
a considerably higher lime content in the litter from birch stands than
from spruce stands on soil of identical quality class, this result seems

Table 74. The total nutrient quantities per hectare in the annual litter
crop of the parallel stands.

Taulukko 74. Rinnakkaismetsikiiden vuotuisen karikesadon ravinteiden kokonaismddrd
hehtaaria kohden.

Sample plot | Nutrients — Ravinteet
Ndyteala N | Ca0 | Mg0 | K0 | PO; | Na0

kilograms per hectare — kg/ha

Spruce stand

Kuusikko . ......... 121 17.5 6.3 6.3 5.0 2.1
Birch stand
Koivikko .......... 20.2 24.3 14.0 8.0 12.7 1.8

19 — The development of spruce. . .
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somewhat unexpected as regards lime (cf. also Wittich 1937,
pp. 254—256). This exception to the rule, however, is largely compensated
by the larger quantity of litter in the birch stand. On the other hand, e.g.
Mork (1944, p. 338) has obtained similar results to the present author
for lime content. The greater supply of easily decomposable organic sub-
stance has in any case a strongly stimulating influence on the decomposi-
tion of humus (cf. e.g. Wittich 1937, Knudsen & Mauritz-
Hansson 1939, Mork 1944, Broodbent & Norman 1947).

That a litter of moss and shrubs is poor in nutrients has been shown
byeg. Aaltonen (1950) and Tamm (1953a). Mikola (1954) has
recently found that moss and shrub litter on fresh moraine soils is consider-
ably poorer in nutrients than e.g. herb litter. (For earlier literature, see e.g.
Aaltonen 1940 and Mikola op.c.) In this connection attention
is drawn to the fact that the thick and dominating moss cover in the
spruce stand takes a large measure of its nutrients directly from the litter,
which implies a perceptible delay in the availability of nutrients to the
tree roots (cf. Romell 1939 and Tamm op.c.).

On the basis of the properties of litter, a humus fairly poor in nutrients
might be expected in the spruce stand. Added reason for this,as Hessel-
man (1937, pp. 561—565) has already found, is that e.g. nitrogen and
lime decline in quantity with advancing age and the thickness and acidity
of the humus cover simultaneously increase!. In other words, it was evident
that considerable dissimilarities, possibly specific to succession, should be
revealed in a detailed study of the nutrient content of the humus cover.
The result of the humus analysis is given in Table 75.

Wittich (1952), among others, has emphasized the ability of the
humus cover to store nutrients as an asset of great value. In the light of
the above figures, however, this is somewhat paradoxical at first glance.
The thick raw humus cover in the spruce stand seems, according to H e s-
selman’s findings, to be surprisingly poor in the nutrients studied,
except lime. Apart from an insignificant quantity of sodium, the total
nutrient content is generally only some 65—90 per cent of its level in
equally large samples of birch stand humus. The really important point

1 In a special investigation, based on material from the present investigation T u o-
vinen (1955) verified this finding to be a rule in the case under review too. It may
be added that the total nitrogen content per weight unit of dry matter was higher in
the F-layer than in H-layer.
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Table 75. The percentage of total and exchangeable nutrients in the
humus from the parallel stands.

Taulukko 75. Rinnakkaismetsikiiden humuksen erdiden ravinteiden mddrd.

Amount of nutrients, per cent of dry matter —
Ravinteiden mddrd, prosenttia huiva-aineesta

N Cao Mg0 | K0 | P05 | Na0

Sample plot
Nayteala

Total amount — Kokonaismddrd

Spruce stand

Kuusikko .......,.. 1.20 0.461 0.149 0.113 0.214 0.094
Birch stand
Koivikko .......... l.es | O.a88 0.165 0.144 0.3368 0.231

Exchangeable amount — Vaihtuva mddrd

Spruce stand ‘ |

| Kuusikko .......... . 0.210 0.108 |  0.108 0.094 0.088
Birch stand
Koivikko .......... . 0.237 0.131 0.144 , 0.146 0.237

is however that the exchangeable amount of the nutrients studied in the
spruce stand humus seems to be considerably less than in the birch stand
humus — also in relation to the total amount of nutrients. But the total
weight of raw humus cover per surface unit in the spruce stand exceeds
the corresponding figure for the birch stand. These total weights can be
obtained by means of a conversion coefficient based on the depth and
specific gravity of the humus cover: 65.s and 42.7 tons dry weight per
hectare for spruce and birch stands, respectively (regarding the ratio, see
Hesselman op.c. p.561 and Saharov & Saharova 1951).
The total nutrient resources in the humus cover are thus (Table 76):

The table reveals clearly enough that the spruce stand humus cover
has a total quantity of nutrients superior to the birch stand humus. As an
result of the different degrees of decomposition and depth of humus, the
concentration of exchangeable nutrients, how-
ever, is more favourable in the birch stand, and
the difference most important to the trees is probably that of different
availability (cf. e.g. Broodbent & Norman 1947). This problem,
difficult of solution, has perforce been postponed for clarification in a
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Table 76. The total quantities of certain nutrients per hectare in the
humus of the parallel stands.

Taulukko 76. Rinnakkaismetsikdiden humuksen erdiden ravinteiden kokonaismddrd
hehtaaria kohden.

Sample plot } Nutrients — Ravinteet
Nayteala | N | Ca0 | MgO ‘ K,0 P,05 Na,0
! | |

kilograms per hectare — kg/ha

Spruce stand j
Kuusikko . ......... 790 | 303 98

| 74 141 62
Birch stand ) \ \
Koivikko .......... 700 | 208 | 70 | 61 143 99

possible later investigation. Another apparently decisive feature in the
nutrient management of the two stands, the seasonal variation of avail-
ability, strongly emphasized by Ko vrigin (1952), also needs further
studies (cf. also Chirita 1931).

Due to the fact that they include both total nitrogen and total
lime, the figures in Table 75 can be said to concur well with those of
Hesselman (1937, p.564) for apparently similar stands in North
Sweden; the burns from 1918 and 1878 probably correspond to the birch
stand, and the old spruce forest in Stortjarn Reserve shows many parallel
features with the spruce stand at Siulionpalo.

As to the part played by the various humus layers in storing nitrogen,
the results obtained are fairly well correlated with Hesselman’s find-
ings (op.c. p.587) in that the F-layer in both stands contained more
nitrogen than the H-layer. However, the difference was somewhat greater
than that found by Hesselman; at Siulionpalo the nitrogen content
of the F-layer was found to be approximately twice that of the H-layer.
In estimating the significance of these figures it should be borne in mind
that the raw humus cover in the spruce stand was 9.« cm deep, in the birch
stand only 4.« cm. The depth of the H-layer was no more than approx.
l.—I1.5 cm in both stands. Hesselman found at an early date that
forest fires caused favourable changes in nitrogen mobilization in thick raw
humus covers in that the non-available, organically bound nitrogen is trans-
formed into available nitric acid (Hesselman 1917, pp. 956—970,
cf. also Kivekids 1939, pp. 30—32). Viro found later (1953) that a
slight burning-over of raw humus results in intense ammonia formation
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without amajorloss of nitrogen. Heiberg (1938, p. 276), however,
takes a completely opposite stand on this point. Svinhufvud (see
Kivekds 1939, p.28) adopts an intermediate position in estimating
that the ammonia absorbed under the burnt raw humus surface is some 25
per cent of the total nitrogen.

In a small special study of the proportion of ammonia nitrogen in the
various humus samples no difference could be shown in the present in-
vestigation; in both cases the ammonia nitrogen amounted to 40.s—41.0
per cent of the total nitrogen.

The incomplete study of the soil nutrient balance reported above is
highly tentative. The equality between the sample plots representative of
the different successions, a basic assumption of the whole investigation
of the nutrients of the mineral soil, can be considered debatable to a certain
extent in that the topmost soil layer in the primary stands is doubtless
affected by the nutrients directly or indirectly liberated by forest fire. On
the other hand, the assumed equality was limited to conditions at a depth
of 55 cm for the very reason that the changes in the ecological constellation
were assumed to be powerful enough to affect the nutrient balance in soil
layers closer to the surface. In any case, the present investigation also
showed that moderate forest fire directly or indirectly has a favourable
effect in the long run on the nutrient content of the mineral soil.

In the raw hunius two more or less contrary trends of development can
in fact be expected. The nutrient-poor litter in pure spruce stands can be
expected to give a raw humus poor in nutrients in secondary stands in
general but especially in the spruce stand studied. On the other hand, the
age and depth of humus cover in the secondary stand naturally suggest the
existence of an accumulation of nutrients.

Although Table 76 showed partly similar figures for the amounts of
nutrients in the humus cover of the two stands and thus seemingly renders
superfluous explanation of the dissimilarities in nutrient balance, it seems
evident that the surprisingly high nutrient content of the raw humus layer
of the spruce stand can hardly be explained except as an accumulation of
semi-decomposed litter which, in spite of its low nutrient per cent and
continued soaking in the course of years, is able to deposit in the raw
humus considerable quantities of nutrients in more or less bound form.
According to the values of exchangeable nutrient amount in Table 75 it
seems very probable that the amount of nutrients available to tree roots
is perceptibly smaller in the spruce stand. The decomposition of humus,
as is known, depends greatly on the ratio C:N (see e.g. Waksman 1952,
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Duchaufour 1953). As the humus in the spruce stand, owing to its
higher total weight per surface unit and its rawer character, contains more
cellulose and lignin and consequently also more carbon than the more
decomposed humus in the birch stand, the C:N ratio must clearly approach
the ideal ratio, 10: 1, more closely in the latter stand. A simple calculation
according to the example of Waksman & Starkey (1949, p.95)
does not contradict this assertion (cf. also Krolikowsky 1935,
according to Aaltonen 1940, p. 289). The importance of lime for the
mobilization of nitrogen has been studied and confirmed by Hessel-
man (1927, p. 394, 1937, p.540), from which it follows that another
important item can be entered to the credit of the humus cover in the
birch stand since the amount of lime and nitrogen supply by litter there is
considerably higher than in the humus of the spruce stand.

The higher percentage of other nutrients in the humus of the birch stand
naturally is of great ecological importance. The more abundant herb flora,
for instance, may, according to Wittich (1937, p.257), be taken as
an expression of more favourable living conditions in the birch stand and
especially in its humus cover (cf. also Mraz 1950). The scantiness of
herbs in the spruce stand, likewise, can hardly be due to anything but
unfavourable ecological conditions. A factor that doubtless contributes to
this state of affairs is the different nutrient conditions in the stands studied.

In this connection it is of especial interest to note that the exchangeable
lime has a particularly marked effect on the growth of spruce (cf. e.g.
Asahi 1951). This finding corresponds well with the exceedingly suc-
cesful soil fertilization experiments performed in many countries, especially
in Germany and Great Britain.

It was found that the amount of lime in the total litter crop and per
weight unit of humus is somewhat higher in the birch stand. Bearing in
mind earlier investigators’ findings as to the importance of litter for the
reaction of the humus cover and the underlying soil (cf. e.g. Hessel-
man 1926, 1937, Aaltonen 1937a and b, Mikola 1954, and
others), it may be of interest to study in detail the soil acidity in the
parallel stands under review.

Soil acidity

In his investigations into the connection between the forest soil types
established on a phytosociological basis and some chemical properties,
important from the point of view of nutrient uptake of the forest soil on
these types, Valmari (1921) found that the acidity of the soil broadly
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speaking decreased with rising quality classes. Consequently, the thick-
moss type should be among the most acid in North Finland. Investigations
by Aaltonen (1925, 1932, 1935, 1937b and 1939), however, point in a
very different direction, and his figures agree with those arrived at by
Hesselman from a copious material (1937, pp. 565—577). Aalto-
nen confirms Hesselman’ssuspicion by establishing that the acidity
in itself is not enough to account for the low production of the northern
forests. Aaltonen’s material is clear and indisputably evidences that
the forest soil is more acid in South than in North Finland (1939, p. 65,
1940, p. 163). Important support for the findings of these two authors is
provided by Leyton’s (1952) investigation into the influence of pH on
the root development of Sitka spruce; an optimum was found to coincide
with a pH of around 4.0—5.0, with distinct minima at both low and high
pH values. The weak root development at pH 7.0 proves that Heikin-
heimo (1915) was on the right track in his studies of the causes of the
poor development of spruce radicle on newly burnt substratum.
Hesselman’s (op.c.) investigations reveal further, in concurrence
with earlier findings (e.g. Feh ér 1929, Gauger & Ziegenspeck
1930 according to Lundegardh 1949, p. 471), that the seasonal

~variation of the acidity is considerable and that the humus cover as a rule

shows higher pH values in younger stands than in older stands on com-
parable habitats. -Hesselman ascribes particularly great importance
to the birch element in the litter of coniferous forest as a acidity-raising
factor; this latter view has been fully corroborated by more recent investi-
gators (cf.e.g. Kivekds 1939, Dimbleby 1952a, Mikola 1954).
Although e.g. Puri (1949) believes that birch produces acid humus in
English conditions he points out that rapid decomposition of the litter
counteracts acidity and promotes the maintenance of high alkalinity in
the soil. In other words, this is exactly the same in principle as Hessel-
man found for birch litter in coniferous forests with a tendency to raw
humus formation. Numerous observations can be reported of the sudden
increase in pH value after burning-over for crops and after forest fire; in
Finland e.g. Heikinheimo (1915, Aaltonen (1925 etc),
Kivekaias (1939), Sirén (1952); in Sweden, in addition to Hessel-
man, Eneroth (1931b), Tamm (1920), Arnborg (1949); in
Norway Mork (1927), Heiberg (1938); in the Soviet Union e.g.
Tkatschenko (1929). Duchaufour (1954) observed three
months after burning a very high pH value, which however dropped in the
following six months to a level still considerably higher than in theunburnt
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controls. Ovington (1953) has found from a detailed study of the
variation in acidity at different depths in various stands that conifers
usually increase the acidity of humus. The litter was found decisive in this
connection. That humus in a coniferous forest is usually more acid than in
stands of deciduous trees has been proved by several investigators (see
e.g. Aaltonen 1940, p. 228). ‘

In view of the findings of earlier investigations it seemed almost un-
necessary to study this detail in the parallel stands. For safety’s sake,
however, a number of pH recordings were made in the two summers. The
method applied in this part of the investigation was described on p. 171.
(For an evaluation of pH determination, see Lundegardh 1950,
p. 471). The determinations were made at 10—16-day intervals; the results
are shown in Table 77.

The table reveals nothing essentially new. That the H-layer usually is
more acid than the F-layer has already been shown by Hesselman
(1937), and he simultaneously found that the humus is considerably more
acid than the underlying mineral soil (cf.also Aaltonen 1937b, p. 26,
1940, p. 163). In agreement with A alt o ne n’s findings of the variation
in pH value at different depths, the highest values were obtained at
25—55 cm (1940, pp. 163—164). The seasonal variation is also reliably
illustrated; its amplitude seems somewhat wider in the old spruce stand.
In this connection it may be useful to point out that the soil temperature
in the spring and early summer was considerably higher in the birch stand,
and so the decomposition processes of the leaf litter relatively rich in
alkaline minerals (cf. p. 239) from the preceding autumn starts quickly
after the winter season and can be assumed to affect the pH value (cf.
Mikola 1954, pp. 17—19). As regards the openings, the pH as a rule
was higher in almost all soil layers during the early summer, but lower
during the late summer, than in the parallel stands. A possibility that
cannot be totally excluded is that the intense root respiration in the stands,
especially during the early summer (see p. 307), may be the cause of their
relatively low pH value. Among other contributive factors the maximum
activity by soil micro-organisms during the early summer (cf. e.g. Ko v-
rigin 1952) has to be mentioned.

The findings from summer 1950 were similar in character.

* *
*

62.4 The development of spruce forest on raw humus sites in northern Finland ... 297

Table 77. Variation of the soil acidity of the sample plots in summer 1951.

Taulukko 77. Ndytealojen maan happamuuden vaihtelu kesind 7957.

Date and Humus layer
sample plot Humitsheiros Depth of soil sample, cm — Ndytteenottosyvyys, cm
S ooy F H 5 5 | 2 35 | 45 | 55
June 6, A 4.70 4.80 5.5 5.32 ) 5.95 g 6.02
Kesdk. 6. B 5.03 5.38 5.28 5.65 . 5.65 . 5.92
C 5.82 5.75 5.35 6.72 . 5.96 . 5.90
D 5.82 5.92 5.90 6.20 . 5.90 . 6.07
June 19, A 480 | 4o 5.13 5.22 5.52 5.98 5.80 5.89
Kesdk. 719. B 5.41 5.38 5.40 5.78 5.97 6.04 6.13 5.81
C | 5.8 5.8 5.23 5.48 . 5.73 6.00 5.89
D | 5.7 5.25 5.49 6.12 6.01 5.92 5.96 5.01
i
July 5, A 4.89 | D.os 5.51 5.72 5.75 5.84 5.87 5.92
Heindk 5. B 5.47 5.06 5.24 5.93 5.86 5.95 6.08 6.04
C 5.28 5.48 5.08 5.22 5.50 5.70 5.94 5.88
D | 5.9 5.05 5.60 5.96 6.04 6.10 6.11 6.09
July 18, A 4.95 4.94 5.30 5.65 5.1 5.77 5.80 5.82
Heindk.18.B | 3.5 5.10 5.50 5.98 6.15 6.48 6.50 6.19
C | 5.3 4.76 5.39 5.52 5.1 5.97 5.47 6.12
{ D t 5.80 5.40 5.61 5.99 6.13 5.04 6.00 6.00
V
Aug. 1, A 5.39 5.5 5.90 6.31 6.63 6.56 6.49 6.48
Elok. 7. B 5.2 | 5.3 6.12 6.36 6.55 6.71 6.62 6.62
C 5.32 5.11 5.18 5.25 6.13 6.00 5.81 5.92
D | 6.24 . 5.52 5.97 6.33 6.15 6.31 6.46
Aug. 10, A 5.81 5.16 5.61 5.82 6.06 5.65 5.49 5.87
Elok. 70. B 5.61 5.34 5.66 6.02 6.02 6.02 6.09 5.92
C 4.90 4.68 5.57 5.42 5.19 5.68 5.72 5.96
D | 5.0 5.08 5.49 5.69 5.83 5.88 5.88 6.27
Aug. 20, A 4.32 4.54 5.00 5.7 5.65 5.52 5.89 6.02
| Elok. 20. B 5.05 5.07 5.50 6.01 6.10 6.23 5.89 6.03
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This special study of soil nutrients and soil acidity showed that the
birch stand, in spite of simple equality with the spruce stand in the nutrient
content of the lower layers of the root zone, is better off than the latter in
nutrients in the humus layer and in the uppermost layer of the mineral
soil. Bearing in mind that the pH in the humus and the upper soil layers
is higher in the birch stand throughout the vegetation period it seems
probable, considering the better supply of nutrients produced by the litter,
that nutrient conditions in general are more favourable in the birch than
in the spruce stand. In the latter, moreover, the litter crop, slow to de-
compose and poor in nutrients, in combination with unfavourable ecological
conditions further promotes the accumulation of the thick raw humus
cover typical of HMT spruce stands.

Applying these findings and viewpoints to soil nutrient balance during
the different phases of the primary succession, and bearing in the mind
both the dynamics of tree species and the phytosociological development,
it emerges that the nutritional state of primary stands, as a result of the
combined factors of qualitatively impaired litter and constantly more
unfavourable climate of the stand, very probably undergoes a slow impov-
erishment in nutrients available to plants.!

If the comparison is extended to cover the soil in the different phases
of the primary succession and the soil in the corresponding phases of the
secondary succession, there is good evidence (litter crop, soil temperature,
water management, etc.) that both nutritional state and acidity are defini-
tely better in primary stands. This applies in particular to those phases of
succession in which the litter crop of the birch still influences humus for-
mation.

The development of carbon dioxide

Comparative studies of the ecological conditions in the two parallel
stands showed that the spruce stand was less conducive to the formation
of good soil conditions. The litter crop is poorer in nutrients, the humus
cover retains more moisture, its acidity is higher and soil temperature
lower than in the birch stand. Accordingto Lundegardh (1924) and

1 It may be emphasized that by a special study of the total nitrogen content of the
raw humus from primary stands of different developmental stages results were obtained
that indicated a distinct decrease of the nitrogen content with increasing age. A slight

rise could be traced at the end of the succession, probably due to the destruction of the
stand.

e

~
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other authors there is no doubt, given these conditions, that the natural
consequence for the spruce stand must be less intense decomposition of the
humus cover. Considering the phytogeographical character of the district
involved, there is in reality, according to Waksman (1952, p. 133),
every chance of an accumulation of the equivalent of alpine humus in
spruce stands of the type in question in North Finland. The descriptive
section of the present investigation (p.154) established in fact that the
raw humus cover in the old spruce forests had undergone little humification
while steadily increasing in thickness. A heavy drop in tree growth
simultaneously might well be regarded as a parallel phenomenon of this
accumulation of raw humus.

In these conditions a tendency to reduce the question of soil fertility
simply to a problem of humus in such cases, noticeable particularly in
Germany where poor tree growth has often occurred in stands afflicted
with raw humus, is not unexpected. According to Wittich (1933,
1952), the danger of the negative influence of humus becomes acute once
the decomposition of litter ceases to keep pace with the supply of litter.
The surplus results in an accumulation of acid humus elements whose
adverse effect is not confined to the unprofitable storage of valuable
nutrients but manifests itself also in a progressively negative development
of the ground cover. It may be mentioned that Aaltonen (1936 b, 1940),
in discussing the conditions in North Finland, though assuming a somewhat
more cautious attitude to the humus problem in general made an exception
of forest communities of the thick-moss type; their present miserable con-
dition he, too, attributes to the raw humus cover. In this Aaltonen
is following in the main the same lines as e.g. Hesselman (1917, 1937),
Romell (1934), Mork (1938), Tamm (1940) and other Scandina-
vian authors.

Bearing in mind the conditions produced by the litter crop, composi-
tion and depth of humus cover, climatic and edaphic conditions of the
parallel stands, it is natural to assume that humus decomposition has a
very different degree of intensity in the two parallel stands. According to
Lundegardh (1924), Fehér (1934, Mork (1938), Seifert
(1950), Waksman (1952), Wittich (1952) and Duchaufour
(1953) the decomposition of litter is promoted by good aeration, an ad-
equate water supply, optimal soil temperature and the presence of a suf-
ficiency of nutrients, primarily assimilative nitrogen, in addition to which
there is the requirement of a pH favourable to the micro-organisms of the
soil. Porkka’s (1931 b, p. 127) conclusion, that air temperature is more
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important for soil respiration than soil temperature, is probably somewhat
premature, and is contradicted by his own primary material.

Waksman (1952) mentions also other conditions for the rapid
decomposition of humus, such as the chemical composition and mechanical
structure of the litter. The litter in the birch stand is likely to'have a lower
content of lignin and wax — Aaltonen (1950, p. 19) comes to the same
conclusion regarding lignin — and, purely mechanically, it is less solid
than spruce needle litter. But these questions have not been studied in the
present investigation; the favourable character of the litter and humus in
the birch stand seemed evident in these respects (cf. e.g. Hesselman
1927). 1t may also be pointed out that Finnish investigators in general
have found birch leaves to have a relatively good influence on the condition
of humus. Aaltonen, in particular, has discussed these questions,
basing himself partly on his own findings and partly on extensive studies
of the literature (1940, 1948, 1950). Mikola (1954) has also carried out
tentative experiments on the rate of decomposition of forest litter. One
of his findings was that birch litter decomposes more rapidly than e.g.
spruce and especially moss litter (Pleurozium and Hylocomium). He used
pure litter samples in his experiments while the litter in nature is mostly
highly mixed. Theoretically at least, mixed litters should decompose
more easily, as has been shown in laboratory experiments also (John-
ston 1953; see also Waksman 1952). The dissimilarities in the
intensity of decomposition referred to above naturally affect in their turn
the nutrient conditions of the soil.

As is known, the main part of the work of decomposition is done by
micro-organisms. The synthetic reconstruction work and the decomposit-
ion process result in inorganic compounds, among which the most import-
ant are probably water, carbon dioxide and ammonia. Experiments by a
number of authors (for literature, see e.g. Romell 1928, Mork 1938,
and Waksman 1952) reveal that the CO, production by soil per time
and surface unit can be considered an expressive index of the decomposit-
ion rate prevailing in the soil.

In addition to the CO, production by micro-organisms, the respiration
of the soil fauna and of the underground parts of living plants must be
taken into account. According to Lundegardh (1924), the CO,
respiration of the roots can in certain cases amount to some 30 per cent
of the total production. Similarly, the micro-organisms in the mineral
soil produce considerable quantities of carbon dioxide.

The decomposition processes definitely of the greatest ecological im-

e
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portance, however, occur in the humus cover. From what earlier
researchers had published on the production of CO, in different tree
stands (cf. e.g. Gut 1929), it was evident that dissimilarities existed
between the two parallel stands.

The method applied in this special study was reported on pp. 171—174.
It may be mentioned that e.g. Porkka (1931a) has earlier investigated
the development of CO, in Finnish forest soil. The method he used, however,
was not the same, and his study was concerned primarily with the diurnal
variation.

* *
*

A total of 146 humus samples were examined; each of them usually
comprised 10 humus cakes of 1 sq.dm each and of natural thickness, and
2 mineral soil samples. The majority of the samples derived from the paral-
lel stands at Siulionpalo (122, including 96 samples taken in summer 1951).
Sixteen of the remaining samples belonged to a special study of the rate
of soil respiration on different forest site types, and the balance of 8 samples
was taken from different succession phases in primary and secondary HMT
stands. The respiration tests usually lasted two weeks, but as the first
titration of each test could be assumed to have been affected to some extent
by the carbon dioxide possibly accumulated in the samples during trans-
port the CO, respiration of the first two days was excluded from mean value
calculations. The mean was thus usually calculated from six determinations
per respiration vessel.l

Each habitat selected for study was represented by two respiration
vessels. The mean of the average CO, production of the respiration vessels
per hour and weight or surface unit of humus was taken as the basis for
later comparisons. Each pair of vessels usually showed a remarkable
degree of agreement (see Fig. 82).

These diagrams show two phenomena, both present in all
respirations tests. Firstly, the respiration curve always showed a
declining trend (cf. e.g. van Suchtelen, accordingto Waksman
1952, p. 159); secondly, CO, production in the birch stand reached higher
values than in the spruce stand in almost every case.

The causes of the slow drop in the rate of respiration in the course of

1 In addition, all the samples were »purified» from accumulated CO, for two hours
before the start of the respiration test. These two hours proved inadequate, however,
and that is why the above exclusion was considered necessary.
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July, 1952 - Heindkuu, 1952
Fig. 82. An example of the respiration rate in humus samples from the parallel stands.

Kuva 82. Esimerkki rinnakkaismetsikdéiden humuksen respiratiosta.

the experiments have not been ascertained. A possible explanation is a
gradual decline in the respiration rate of the living roots in the humus
sample and the bacteria present in their rhizosphere.

The higher rate of respiration in the birch stand humus is shown in
Table 78 which gives the primary results of the experiments in 1951.
Irrespective of the date at which the sample was taken, the temperature,
irrigation and air supply, the humus samples of the birch stand showed a
higher CO, production per surface unit than those of the spruce stand.
The same is true also when weight unit is taken as the basis of comparison.
The exception on June 11 is probably due to the fact that one of the four
humus samples from the spruce stand was unusually light. The choice of
basic unit does not affect the comparison of the different stands. The
higher specific gravity of the humus samples from the birch stand increases
the total CO, production per hectare to almost the same proportions as in
direct comparison of respiration quantities per square meter. It may be
concluded that CO, production by the humus cover
in the spruce stand averages only 50—70 per cent
of the corresponding figure for the birch stand.

A closer study of Table 78 reveals that neither irrigation (Series y) nor
air flow (Series z) changes affected the respiration results to a high degree
in the laboratory conditions prevailing during the experiment. It must of
cource be borne in mind that the moisture content of the samples was
very nearly at its natural value when they were placed in the respiration
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Table 78. The carbon dioxide production in humus samples from the parallel stands under

Primary figures from the laboratory study.

different ecological conditions in summer 1951.

Taulukko 78. Rinnakkaismetsikoiden humusndytteiden hiilidioksiidin eritys erilaisissa ekologisissa oloissa
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vessels and that each test only lasted approx. 2 weeks; possible deficits in
. the air flow were to some extent compensated by the amount of air present
in the system at the beginning of the experiment. The slight or non-existent
effect of the variables in question is also revealed by the means of the three
Series X, y and z, which compared with the basic Series x (to trace possible
seasonal variation), show both higher and lower numerical values. It is
remarkable that the variation between Series X, y and z is considerably
less than the variation that might be expected in view of the date when
the samples were taken. Admittedly, unstable laboratory temperatures
detract from the comparability of the different experiments, but the dif-
ference between e.g. the samples of June 11 and August 16 cannot be ex-
plained from the more unfavourable temperature conditions for the latter
sample. This brings up the question of the connection between temperature
and date of sampling (= seasonal variation).

A study of Series q, where temperature was the variable, shows that
CO, production increased with the rise in temperature from 2.¢° C to 15° C
for both types of humus. At 26.s° C the birch stand humus still has a very
high COz production, approx. the same as at 23.s° C in the basic Series x.
The respiration of spruce stand humus, on the other hand, is much lower
at 26.s° C than at 23.3° C; yet it is equal to that at 21.5° C in the period July
13—27, but considerably lower than at nearly the same temperature in
the period June 11—23. In other words, the date of sampling also plays a
part in the comparison of CO, production in similar temperature conditions.
This drawback, disturbing from the smoothing point of view, applies also
to the samples for the period Aug. 16—30 which gave very low values for
the prevailing experimental temperature. To be able to plot a roughly
reliable curve with temperature as the argument, the figures for
these two diverging experiments have been left out. Thus the curves assume
the courses shown in Fig. 83.

The most striking feature of the curves that concerns us here is that
soil respiration in the birch stand humus seems, within the temperature
limits 4- 2 — + 26° C, to reach 20—40 per cent higher values than in the
spruce stand. ,

Bearing in mind that the upper part of these curves is somewhat unreli-
able, no final conclusions can be drawn regarding a possible temperature
optimum for the production of CO, in the soil. However, it seems very
probable that such an optimum in reality lies at 4 23 — + 24° C for the
spruce stand, somewhat higher for the birch stand. In practice this
would mean that the micro-organisms (and pos-
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Fig. 83. Effect of temperature on the g
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sibly root respiration) in birch stand humus have
evidently adapted themselves to higher tempera-
tures than in the spruce stand. In this connection it may
be mentioned that Mork (1938) found that CO, production increases
steadily, provided the supply of nitrogen is good, from + 10° C to + 30° C;
in the event of poor nitrification the maximum is reached already at
-+ 20° C. An extremely strong correlation between CO, development and
temperature is also revealed by an experiment by Norman (see W aks-
man 1952, p. 105). According to Ladefoged’s (1939) studies, the
optimum temperature for spruce root development lies around + 24 —
+ 26° C.

The irregularities in Table 78 caused by the varying temperature con-
ditions in the laboratory can be smoothed out by means of these curves
for CO, production per weight and surface unit. The result is shown in
Table 79. Neither the irrigation nor the air flow series seem to provide any
very clear information on the influence of these factors after the tempera-
ture correction made the individual experiments more comparable; only
the heaviest irrigation had an inhibitory effect on CO, production.
Natural moisture content of the samples was evidently somewhat too high
(about 70—75 per cent) i.e. close to field capacity, for omission of irrigation
caused no major changes in CO, production.

The factor of the greatest importance, besides temperature, seems to be

20 — The development of spruce. ..
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Fig. 84. Seasonal variation in the CO, production from humus.

Kuva 84. Humuksen CO,-erityksen kausivaihtelu.

was taken for the comparison. The humus samples with a natural moisture
content used for the irrigation series were air-dried for a few days, re-
weighed and returned to the respiration vessels without any irrigation
whatever. The results revealed unexpected but interesting details (Figs.
85 and 86).

The basic series were found surprisingly concurrent mutually, showing
a lower CO, production normally in the spruce stand humus. The unir-
rigated samples also were mutually similar, but showed a consider-
ably lower respiration curve for the birch stand.
The dryness did not seem to affect the soil respiration in the humus of the
spruce stand adversely to start with; a week’s drought, however, left di-
stinct traces of a negative effect. The remarkable feature in these series of
experiments is that the drying percentages both in the preliminary treat-
ment and during the experiment were of the same order in both humus
samples, but it may be pointed out that the thickness of the spruce stand
humus samples was considerable compared with the birch stand humus
samples.

By compiling respiration series with a comparable sampling date and
temperature (approx. 21° C) from the different experiments 1950—1954
the reaction indicated above, probably caused by lack of water, can be
charted at least satisfactorily. It was found that the humus of the spruce
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Fig. 85 and 86. Effect of drought and lack of air on the CO, production from humus
in the birch and the spruce stand.

Kuvat 85 ja 86. Kuivuuden ja ilman vdhyyden vaikutus koivikon ja kuusikon humuksen
CO,-eritykseen.

stand, on an average, decomposes better at a lower water content (optimum
approx. 65 per cent of field capacity) than that of the birch stand (optimum
approx. 75 per cent). In other words, given good aeration and an approxi-
mately optimal temperature,a high water content in spruce
stand humus-has a more inhibitory effect on the
decompositionof humus thanithasinbirchstand
humus at least in laboratory conditions. The result
seems acceptable as the micro-organisms in the spruce stand humus largely
consist of aerobic fungi while the humus of the birch stand probably has,
besides its fungal flora, a larger bacterial population dominated by aerobic
or anaerobic bacteria depending on the availability of oxygen.

The relationship between optimal CO, respiration and water content
mentioned by Lundegardh (1924, Romell (1928), Mork
(1938), Waksman & Purvis (see Waksman 1952, p. 163)
thus seems to be valid also in the cases studied here.

Cutting the air supply to 0.1 1/h per respiration vessel reduced the soil
respiration of the birch stand to almost half the normal. A weak upward
trend can be discerned here, as in the spruce stand too, instead of the
downward trend that might be expected (F e h ér 1929). This is primarily
indicative of a gradual change in the population of the micro-organisms (cf.
Wittich 1952, p. 18), or possibly of an adaption to the new conditions
by the microbial species participating in the development of CO,. In spite
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of the lack of conformity in detail in the case of the spruce stand the experi-
ment indicates unequivocally that soil activity in the birch stand, assuming
normal moisture and temperature, is more sensitive to an exceptional insuf-
ficiency of air. This, which is quite surprising in view of the composition
of the microbial populations, probably has no practical importance ! as the
aeration in the mineral soil and humus is usually probably at least as good
in the birch as in the spruce stand. According to Romell (1922) the
aeration is satisfactory even in old spruce forests provided they are not
water-logged. The anaerobic micro-organisms have a chance of gaining
dominance in practice only in very extreme moisture conditions.

Table 79 also gives some numerical data on the production of CO, in
the F- and H-layers of the humus cover. The F-layer, more than twice as
thick as the H-layer, was found to supply only approximately twice the
CO, supplied by the latter; this comparison, however, is unfortunately
somewhat misleading. The apparent equality disappears when CO, develop-
ment per weight unit is compared; the decomposition rate of the F-layer,
also per weight unit, is approximately twice that of the H-layer. The result
seems natural viewed against the background of what e.g. Waksman
(1952) has said of the different phases of decomposition, and of what
Wittich (1952) reports on nutrients readily accessible to the micro-
organisms. The higher content of nitrogen in the F-layer (cf. p. 290) is a natu-
ral sequence of this activity. Higher activity in the F-layer has been
obtained also by Romell (1928, p. 14) and Melin (1928, pp. 110—112).

The humus, however, is not the only soil layer to respire. Romell
(1928) established that the micro-organisms in the mineral soil also parti-
cipate very effectively in the total CO, production of the soil and assumed
that they account for nearly half the total soil respiration products. A com-
parative experiment was made to study this question. The result is shown
in Table 80; the roots are not included in the samples.

The values obtained are probably too high as there is e.g. doubtless
considerably less air available in natural soil than in the shaken soil samples
used in the laboratory study. The peak of CO, production from these mineral
soil samples can of course be caused by other factors too, but the changed
physical structure seems at a first glance a fairly acceptable reason.

Taking into account that 1 kg of A-horizon or B-horizon, respectively,
of natural thickness, covers approx. l.o sq.dm, the above values, consider-

1 The undecomposed thick layers of leaf litter sometimes encountered in ground
depressions in birch stands may be partially caused by inadequate aeration.
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Table 80. Development of CO, in the mineral soil of the parallel stands at
+ 21° C in laboratory experiments, July 1952.

Taulukko 80. Rinnakkaismetsikiiden mineraalimaan hiilidioksiidin eritys laboratorio-
kokeessa (ldmpdtila + 21° C) heindk. 7952.

Sample plot o
and soil layer Date — Pdivdmddrd Mean
Nrggae:elgr ojsa 4 6 8 10 12 14 16 Keskimddrin
co Htelt mg/kg/h
CO,/mg/sample/h — ,/mg/ndyte/ m/kgt
{
Spruce stand | ; Y
Kuusikko ‘
A-hor. ...... 3.9 5.4 5.9 7.0 63 | 5. 5.3 1.9
B-hor. ...... 1.7 3.2 3.4 4.3 3.8 1 3.4 3a 1.29 |
Birch stand ! !
Koivikko ‘ ,
A-hor. ...... 5.4 5.9 6.2 7.2 “ 6.3 | 5. 5.0 2.06 ‘
B-hor. ...... 2.0 3.4 3.8 44 | 4o 1 3.4 32 laa

ing the real soil temperature, broadly speaking agree with Romell’s
results. What was unexpected perhaps was the higher rate of soil respiration
in the A-horizon tltan in the B-horizon. Computed per square metre, the
micro-organisms in the uppermost mineral soil layer of the birch stand
(A -+ B-horizons), at a soil temperature of approximately 4 21° C, produce
approx. 350 mg/sq.m/h + respiration from still deeper soil layers + root
respiration; the corresponding figure for the spruce stand would amount
to about 325 mg/h/sq.m, to which of course the production of other res-
piration sources must be added. While the result concurs well with earlier
statements concerning the dependence of soil respiration on temperature,
root respiration (cf. Eid man 1943) and general nutrient conditions, it
bears no relationship to the true circumstances. Bearing in mind the true
temperature conditions of the soil it is probable that the soil respiration
of the mineral soil for the whole summer averages hardly half the above
respiration values. Against this background, the more numerous and deeper
birch roots found in a warmer milieu must assume a very special
importance.

In order to corroborate further the interpretation of the soil respiration
results arrived at in the experiments reported above, a comparison was
made of humus cakes from different forest soil types taken during the late
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Table 81. The carbon dioxide production of humus from different forest
site types and stands in North Finland.

Taulukko 81. Humuksen hiilidioksiidin eritys eri metsdtyypeilld ja erilaisissa metsi-
kdissd Pohjois-Suomessa.

Forest site type, stand age and tree species — Metsdtyyppi, metsikon ikd ja puulaji

FT GDT l GDT | (H)MT l (H)MT ‘ (H)MT | HMT ‘ HMT \ HMT ‘ (H)MT
‘ |
35 35 35 35 N 35 35 200 ‘ 300 | 170 50

alder birch spruce birch | pine

“ spruce | spruce
leppd Roivu l Ruusi koivu | mdnty
|

Ruusi Ruusi

(spruce)!| spruce birch
(huusi)l | kuusi i Roivu

|

CO, mg/sq.m/h — CO,/mg/m?/t

400 « 370 | 360 | 240 | 250 | 210 190 | 120 230 | 280

summer of 1953. In addition to the Siulionpalo sample plots, only humus
samples from Kaihuanvaara, of Rovaniemi parish, 66°20’ northern latitude,
were included in the experiment. The results were as follows.

The importance of forest site type for the soil respiration rate emerges
particularly clearly (cf. Svinhufvud 1937). The difference between
the 35-year old birch stand on burnt HMT, nowadays (H)MT and the neigh-
bouring over 200-year old spruce stand on the same HMT at Kaihuanvaara,
in addition, seems to be of the same order as that established between the
parallel stands of Siulionpalo (the two last columns). The tree species, on the
other hand, seems to play a more secondary role, even though the spruce
stands studied seem to show a lower CO, production than comparable birch
and pine stands (cf. e.g. Melin 1928, Gut 1929).

* *
*

These studies of the development of CO, by the soil will permit conclu-
sions of decisive importance for the synthesis once the last of the planned
comparisons of important details in the two parallel stands has been car-
ried out. Soil respiration is in itself a biological phenomenon, but from the
point of view of the growing tree stand it is at the same time an ecological
factor of extraordinary nature, associated with the habitat.

The dynamic nature of soil life has again been indisputably documented

1 The area was clear cut about 30 years ago. — Alue hakattiin paljaaksi n. 30 v.
sitten.
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in that a considerable seasonal variation seems to occur in the carbon
dioxide production of the humus cover. In the early summer, when the
respiration rate of the roots is at its highest as a result of their intense
activity and growth, and when the nutrient supply in the accumulated
litter of the autumn and winter is most readily available, it seems that —
temperature excepted — the conditions for intense CO, production are
optimal. Assuming the soil temperature to be constant and practically
optimal, soil activity in otherwise normal climatic conditions will reach
its maximum in the early summer, according to the findings made in the
present investigation. In the field, on the habitats involved, the influence
of the above favourable biologico-ecological factors is moderated by the
fact that soil temperature in the early summer is usually very low. In spite
of this, a considerable seasonal variation seems to exist, and in approxi-
mately equal form in both spruce and birch stands. In the spring, however,
i.e. in the period immediately after the snow has melted, it seems the in-
fluence of the important factor temperature must result in a fairly low
soil respiration rate; this is indicated by findings in America (de Selm
1952). Also Feh ér (1929) emphasizes the negative influence of low soil
temperature (about older investigations, see Lundegardh 1924).

Soil temperature proved to be the apparently most important ecological
factor affecting the rate of soil respiration in otherwise normal conditions.
Laboratory experiments showed that weak respiration occurs at 4 2°C,
and probably still at 0° C. Provided water and air supply is good, optimal
CO, production, however, does not occur until the temperature in the raw
humus of the spruce stand reaches approximately + 23 — + 24° C, and
in the birch stand, judging from the experiments, a somewhat higher level
still. At <+ 23° C the respiration rate of the humus cover in the birch stand
increases about 6-fold but in the spruce stand only about 4-fold on the
rate at -~ 2° C. This is another indication of the fact that the micro-organ-
isms in the ground cover of the latter stand have adapted themselves to
a lower temperature than those in the birch stand; in the latter it is warmer
in the early summer especially, and the soil ice of the surface layer of the
mineral soil disappears much earlier than in the cool spruce stand.

The influence on soil respiration of soil moisture seems to vary with
the type of humus. Drought has more fateful consequences for soil activity
in the mild humus of the birch stand than in the thick raw humus cover
of the spruce stand; the latter, in turn, suffers more from an extremely
high water content — as the case was e.g. in summer 1951.

Aeration was also studied in the present investigation. It was seen that
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an acute oxygen deficiency, in spite of its marked initial effect in the
laboratory experiment, does not at least in a short period have the same
inhibitory effect on the soil-biological occurrences as a shortage of water.
Aerobic activity presumably gives way to anaerobic activity. On the whole,
aeration does evidently not in practice seem to be a significantly restrictive
factor in the CO, production of the humus cover.

- Two minor special experiments showed, furthermore, that soil respira-
tion per weight unit was approximately twice as intense in the fermen-
tation layer as in the humification layer of the humus cover, and that the
total soil respiration of the mineral soil can only be assumed to reach ap-
proximately the same level as in the humus cover of the stand concerned
provided the temperature is practically optimal. As a biological parallel
to the mensurational paradox that stands of one and the same tree species
on habitats of potentially identical site quality can indicate a different
actual site quality depending on certain forest-dynamic premises, it may
be pointed out in conclusion that the study of soil respiration on different
forest site types also suggests that the birch stand at Siulionpalo must be
referred to a higher actual site quality than its parallel stand, the old
spruce forest, of which the preceding generation showed giant trees up to
27—30 metres high.

As the spruce stand shows litter poorer in nutrients, a higher soil acidity,
lower soil temperature, greater tendency to an unfavourably high water
content in the humus cover, its soil activity is naturally considerably
weaker than that of the birch stand humus. favoured by propitious ecolog-
ical conditions.

The better decomposition rate in stands-dominated by deciduous trees
to which many soil researchers testify (cf. Hesselman 1926, etc.
Melin 1928, Wittich 1933,1952, Romell 1934, 1939, Aalto-
nen 1940, 1950, Gavrilov 1950) was markedly indicated at Siulion-
palo too by a richer soil fauna; there were e.g. fairly large numbers of lum-
bricides, millepedes and slugs in the mild humus of the birch stand, while
the sparse humus fauna in the spruce stand was confined to species of
more oligotrophic character, like mites, centipedes and ants(cf. Eaton &
Chandler 1942, Gavrilov 1950 and Dimbleby 1952a). The
importance of the soil fauna for the mechanical and biological decomposi-
tion of the organic substances and their intermingling both mutually and
with the mineral soil is emphasized e.g. by Wittich (1952, pp. 5—6)
who makes a reference to new findings by Central European soil biologists.

The low rate of soil respiration in the spruce stand, combined with

1,
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plentiful raw humus, can thus be considered the result of a far-gone
inactivation process of micro-organic life in the soil. Many consequential
phenomena, presupposed by this accumulation of humus and extremely
important ecologically, have been discussed in the previous chapters. In
most of the cases the comparison between the parallel stands has been
unfavourable to the spruce stand.

The significance of intense soil respiration, however, is not restricted
to what was said above. The CO, production of the soil is the biggest source
of carbon dioxide in nature. A high soil respiration rate results in an increase
in the CO, content of the air layers nearest the soil (up to 5 m, according to
Lundegdrdh 1924). A CO, concentration raised to a certain maximum
limit above its normal level in the air must, therefore, purely theoretically,
result in growth increase. The undergrowth in a birch stand, in other
words, should be able to intensify its assimilation activity earlier and more
markedly due to the warmer environment and a substratum richer in
nutrients than in a comparable spruce stand, and, also, because the sur-
rounding air space has a higher carbon dioxide content (cf. de Selm
1952) at least in the morning (cf. Huber 1952 a, b).

* *
*

In the application of the above results for the CO, production of soil
to the successions compared in the present investigation, the ecological
conditions of soil respiration call for special attention to general climatic
conditions in North Finland. Since periods of drought are more rare there
it can be assumed that the CO, production of the soil is generally higher in
stands dominated by birch; this is true, in normal cases at least, in the
early summer when the nutrient supply from the litter is good, the water
reserve from the melted snow maintains moderate moisture in the humus
cover, and the apparently decisive factor, soil temperature, is simultan-
eously higher through good insolation than in comparable spruce stands.
The actual condition of humus in old spruce forests of primary origin also
indicates, in contrast to the conditions in younger stands with a consider-
able birch element — to say nothing of the birch-dominated stands — a
greatly reduced decomposition rate in the litter, similar to that in the
spruce stand under special review above. This implies, in other words,
that soil activity undergoes a continuous deterioration more or less
synchronized with the disappearance of the birch element and herb vegeta-
tion from the stands of primary origin.
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With reference to the general ecological conditions in the stands and
the humus cover during the development of the successions, we can extend
the comparison to the two successions. It will be seen then that the de-
composition process at least in the first 150 years in primary stands, due
to the composition of the stand and ground vegetation (and thus also of
the litter) and to the general ecological conditions of the habitat, bearing
in mind the facts reported above on the development of CO,, must take
place at a more rapid rate and result in more abundant liberation of nutri-
ents of importance to trees than in corresponding secondary stands. This
provides an acceptable explanation of the heavy accumulation of raw
humus in the secondary stands established in the descriptive section of
the present investigation.

Summary of the ecological influence

The section dealing with the causes of the low production of secondary
HMT spruce forest was carried out in the main at the ecological field station
in the wilderness of Siulionpalo. Two parallel stands, representing the pri-
mary and secondary successions, were selected as the starting point of
the study. Both stands included a spruce undergrowth component. Taking
the age of the trees into account, the spruce individuals of the primary
stand were found to be superior in increment, and this in spite of the fact
that plant competition, at least by ocular estimate, was considerably
keener in the primary stand. As the regeneration conditions in the above
stand did not quite meet the requirements that very probably — according
to our conception of forest dynamics — existed during the regeneration
stage of each succession, two openings were cut for comparison purposes
n the immediate vicinity of ithe sample plots demarcated for this study.
With the successive changes in tree storey, ground vegetation and humus
cover of the stand as a known factor, the sample plots selected were
considered an adequate indicator for assessment of the ecological factors
to be studied in detail.

The material collected in the main during two summers was made the
basis for these detailed studies. Special questions such as the determina-
tion of temperature gradients and gravitational water gradients were not
included on the grounds that they were of peripheral importancein this
connection, though actually the material would permit a number
of separate studies of fundamental character. As the main problem has
been given a relatively tangible form in order to obtain results applicable
to practical silviculture, peripheral questions have been avoided as far as
practicable. The details have been discussed with reference to the require-
ments of the study as a whole.

Of the results presented, those data on the different ecological pro-
perties in the parallel stands which are based on direct measurements can
probably be considered reliable. Where the conclusions drawn from the
comparison of the birch and spruce stand have been applied to the succes-
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sions there may, on the other hand, in certain cases, be an associated risk
of false inferences. Primarily for this reason the synthesis has been left
incomplete as regards a few contributory factors. Hence it seems most
appropriate to start by summarizing in brief the dissimilarities between
the stands actually studied and then apply the results to the successions
in question.

The stand climate of the birch stand was characterized by relatively
favourable insolation until full foliage developed. The good insolation
resulted in the snow melting about 10 days earlier and in an air temperature
approx. 0.s—2.0° C higher (at 2 m height) during the early summer and
early high summer (1950—1951). Temperature recordings at different
levels showed that the greatest differences between the standsin the
ecological periods concerned in 1951 were close to soil surface. Although the
soil surface in the spruce stand received more direct insolation after comple-
tion of leafing in the birch stand, the change in air temperature conditions
in favour of the birch stand did not take place until the latter part of the
high summer. Evapo-transpiration from the ground cover and the heating
of the mineral soil required large quantities of heat in the spruce stand
during the early ecological periods, periods when the soil and consequently
the air too in the birch stand were already being effectively heated.

Natural wind conditions were approximately similar in the two paral-
lel stands. The only appreciable dissimilarities found were in the air space
under the crown layer of the birch stand where air currents were weaker
than at the corresponding level in the spruce stand. The insignificant dif-
ferences can hardly be of major ecological importance.

Neither was there any marked difference in precipitation conditions
between the two stands. In spite of the more open crown canopy in the
spruce stand, its interception was greater. The difference between the
stands in the amount of rain reaching the soil surface is, however, almost
negligible. But there is a definite and important difference in favour of
the birch stand in the conditions for evapo-transpiration during the early
summer. If the evaporation from free water surface can be considered to
illustrate the capacity of air to absorb water, the better conditions for
evapo-transpiration in the birch stand are more marked still.

The biggest ecological differences between the parallel stands were in
the soil. The greater precipitation reaching the soil surface produces greater
seepage to the mineral soil in the birch stand. However, it does not follow
from this that the mineral soil of the birch stand was moister and more expo-
sed to soaking than the spruce stand. On the contrary, birch transpiration
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kept the relationship between supply and removal in considerably better
equilibrium than obtained in the spruce stand where the ground cover (veg-
etation plus humus) acts as a veritable water tank up to a certainsaturation
peint. Once absorption capacity is exceeded the surplus of water continues
to flow to the mineral soil as gravitational water, and there once again it
can be stored up to a certain maximum limit (field capacity of the mineral
soil). This reached, the water continues to flow still deeper. The actual
water storage capacity of the mineral soil depends on the magnitude of
the deficit. As the transpiration of the birch stand normally exceeds that
of the spruce stand — the latter, judging by the root density in the raw
humus cover, takes up relatively more water than the birch stand from the
humus layer — it is evident that a greater deficit usually exists in the
mineral soil of the birch stand. The result is that the soil of the spruce stand
is exposed to more thorough soaking from heavy rains. The saturated
thick moss and humus cover in the spruce stand also has many other
unfavourable consequential phenomena such as reduced decomposition
of humus, reduced soil temperature, increased acidity and probably also
reduced aeration between the mineral soil and the free atmosphere.

The thermal conductivity of the humus of the different sample plots
was not determined. Judging by the specific weight and general structure,
however, the thermal conductivity is probably much better in the birch
stand’s crumby but-nevertheless relatively compact humus layer thanks
to the soil fauna mixed with the mineral soil. In addition, the distance of
conduction is considerably shorter than in the spruce stand. On the other
hand, the plentiful precipitation and resulting saturation of the humus
cover has a markedly levelling effect on conduction conditions. Never-
theless the birch stand, in all the years observations were made, showed
a soil temperature in the surface layer of the mineral soil 1—4° C higher
than the spruce stand. The difference was greatest during spring and early
summer. The temperature differences did not disappear until the autumn.

Considering that the mineral soil was similar and the total insolation
during the growing season of approximately the same order in both stands,
the difference in soil temperature can hardly be attributed to any other
factor than the stronger insolation during the critical period between the
melting of the snow and full foliage and, above all, the thinness of the
humus cover in the birch stand. The thick raw humus cover of the spruce
stand seems to have surprisingly effective insulating properties.

The birch stand is in a definitely better position also as regards the
quantity and the qualitative properties of the litter. As the nutrient con-
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centration and acidity of the ground cover are in turn dependent on the
type and decomposition rate of litter, this results in a chain reaction which
ensures the birch stand further important ecological advantages over the
spruce stand. The biological fertilization provided by the litter in the
birch stand counters high acidification in the humus cover and simul-
taneously creates good conditions for an effective circulation of the alkaline
substances. Their mineralization is a fairly fast process, and thanks to a
dense root system ramifying in the mineral soil too the uptake of these
bases is evidently fairly thorough and they are soon returned via litter to
the humus cover and the upper mineral soil layers. In the spruce stand
the litter is poorer, the humus more acid, the decomposition slow and
results in long-term accumulations of inactive raw humus; the result is
an unfavourable nutrient balance.

An extremely important difference between the two parallel stands is,
finally, the so-called soil activity. Extensive laboratory experiments
showed that the CO, production of the soil, in the ecological conditions
prevailing at Siulionpalo, was much livelier in the birch stand. Had the
soil temperature been identical in the two stands the total CO, developed
during the vegetation period as a whole would have been approx. 40 per
cent higher in the birch stand. It should be noted that the soil temperature
was actually higher in this stand and hence the percentage quoted is very
probably on the low side. This superiority in soil activity involves, directly
or indirectly, a number of the ecological and biological factors mentioned.

Considering the dissimilarities between the two parallel stands, it is
no longer surprising that the seedlings of over 60 years of age in the gaps
of the secondary forest were only. 1—4 m high while the more than 10
years younger trees in the primary stands had grown to 5—12 m. The
living conditions, quite simply, were on all es-
sential points superior in the stand that origin-
ated after forest fire.

* *
*

The application of the above main conclusions regarding ecological
conditions in the parallel stands of the two successions involved in the
present study must naturally be made with a certain caution. The stands
do not represent succession phases that are mutually directly comparable.
The sample stands of the mensurational section of the present investigation,
of primary origin, also differ from the birch stand at Siulionpalo in their
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spruce element. The spruce stand, however, is typical of the developmental
phase of the secondary succession.

In spite of these objections to the representativeness of the birch stand
it is possible, using the principal ecological features in the parallel stands
concerned, to chart a number of dissimilarities in the living conditions of
the trees in the different phases of the primary and secondary successions.
The different constitution of the stand, ground vegetation and humus
during most of the development from origo to climax should in any case
guarantee the distinctive ecological characteristics presupposed primarily
by these factors. Developing plant communities, as is known, mould their
own environment.

A recapitulation of the most important characteristics of the develop-
ment of stand, vegetation and humus may serve to facilitate the survey
of the possible ecological differences between the successions. It is permis-
sible to assume that both quantitative and qualitative changes in any,
one or more, of these layers induce more or less powerful chain reactions in
the ecological constellation. To keep the retrospective view as concise as
possible only a few of the most important dissimilarities between compar-
able phases of development will be included.

As regards the tree species of the two successions, the primary succes-
sion phases were found to be birch-dominated up to an age of approx. 120
years. The absolute’number of birch, in addition, was higher throughout
than in corresponding secondary phases of development. The greater
volume of the primary stands means that their crown volume also must be
greater throughout than in the secondary succession phases, in earlier
phases due to the rapid development of birch, in the later owing to the
intense increment growth of spruce. The ground vegetation during the first
century is richer in herbs in the primary phases, in the first 50—150 years
in shrubs and mosses in the secondary phases. As no sudden destruction of
the humus cover precedes the secondary succession its raw humus in the
first 50 years is 3—10 cm thicker than the humus, milder in addition, in
the primary succession. Later the difference drops to approx. 2 cm (between
80 and 300 years). The qualitative difference is greatest in the first 150
years and is gradually levelled in the later phases.

The dynamics of the shrub and tree roots, important in humus form-
ation, are naturally governed by the dynamics of the vegetation and the
stand, but an additional factor is the superficiality of the root systems
which presumably applies to all phases of the secondary succession. The
proportion of dwarfshrub roots (rhizomes) in the raw humus cover is strik-

21 — The development of spruce. . .
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ingly great in old stands in general and specifically in the secondary
phases.

Against this summary background of dissimilarities specific to succes-
sion it should be possible to sketch the most essential ecological differences
between comparable phases of development. As many of the physiological
phenomena most important for the tree growth occur in the early summer
the main emphasis will be focused on ecological conditions during this
season. This gives us the following picture of the ecological dissimilarities
between the primary and secondary successions.

(1) The stand climate, especially temperature, is more favourable in
stands of primary succession until the spruce displaces the birch and as-
sumes a dominating position.

(2) The soil temperature in the whole root zone, including the humus
cover, is considerably higher in primary stands than in the corresponding
secondary stands. The difference is probably levelled out by the removal
of birch, with resulting reduced insolation. The thicker raw humus cover
in the old secondary stands, however, probably prevents a shift to the
detriment of the old primary stands.

(3) Water management is primarily characterized by a greater water
storage capacity throughout the raw humus cover in stands of secondary
succession. The thickness of the cover is probably decisive here. At the
same time the conditions for evapo-transpiration are poorer — at least
in the earlier secondary phases. As the transpiration of the primary stands,
especially in the earliest, birch-dominated phases, is much greater than
that of the secondary stands the water balance in the mineral soil remains
more favourable in stands of primary succession. A beginning paludifica-
tion can be discerned in the destruction phase of the secondary succession.

(4) Soil aeration, purely theoretically at least, is more effective in the
primary stands, partly due to denser and deeper root systems and partly
to more frequent changes in the water content of the mineral soil.

(5) Both the sedimentary and to main extent the sedentary litter are
qualitatively and quantitatively better throughout the primary succes-
sion. The difference is naturally greatest during the period of birch domin-
ance when the supply of readily soluble nutrients, e.g. nitrogen, lime,
magnesium, potassium and phosphorus, is remarkably good. But even
after the birch has been forced out the fertilizing effect of the litter is prob-
ably better than in the corresponding secondary phase, in the first place
due to better circulation of nutrients in the preceding phases of develop-
ment.
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(6) The decomposition rate of the litter is highest in the earliest phases
of the primary succession. A higher soil temperature combined with a richer
supply of nutrients in the litter induce strong microbiological activity.
The result is partly a rapid mineralization of the nutrients and partly
the development of a thin, well-humified, amorphous and dark humus
layer (with genuine humus substances) with a weakly acid reaction. In the
climax phase the differences between the two successions probably begin
to narrow. In the secondary successions the decomposition is slow through-
out — except in the transition stage from primary to secondary succes-
sion — the humus has a lower content of available nutrients and a higher
acidity throughout than in the corresponding primary phases.

(7) The concentration of readily soluble nutrients in the surface layer
of the mineral soil is highest during the earliest phases of the primary suc-
cession. The favourable effect of forest fire, however, continues indirectly
at least up to the primary climax through the circulation of bases resulting
from the nutrient uptake and defoliation of deciduous trees in particular.

The above review of the varying ecological conditions during the two
successions involved is perforce summary and has no pretention to com-
pleteness — either in the number of factors studied or in the evaluation
of the ecological importance of the individual factors. Nevertheless, the
author feels he can refer with confidence to the causes reported above of
the superiority of primary stands over secondary stands. The cardinal
environmental factors affecting the thriving of the trees have in any case
been subjected to comparative analyses which in the majority of cases
permitted an unequivocal and conclusive interpretation of the obser-
vations made.



Discussion

The object of the present investigation was to study the natural
development of spruce forests on fresh site types in North Finland and to
illuminate, as far as possible, the associated ecological changes. The first
part of the task was solved by descriptive, mainly mensurational methods.
For practical reasons the study was confined to the succession which begins
after a forest fire as a more or less pure birch stand and ends up as a pure
secondary spruce climax stand. The second part of the task, that dealing
with the ecological changes, was solved by relatively versatile separate
studies of the stand climate and soil of certain parallel stands.

The principal conclusions reached were:
— The Hylocomium-Myrtillus type (HMT) represents the secondary
developmental stages of the northern Myrtillus type, characterized
by tree stand of poor quality. In the so-called type stage HMT,
phytosociologically, is practically identical with the northern Myrtillus
type. For this reason the assessment of site quality has so far been based
mainly on the thick raw humus layer and the poor tree stand, thus
providing a picture consonant with the actual situation today. By
returning the habitats that have reached their secondary stages to their
primary state, e.g. by means of fire, the potential site quality i.e. north-
ern Myrtillus type is restored.

— The climax theory with its cardinal idea of more or less static plant

communities, at least if applied strictly to the tree stand, is a theory

inapplicable to the North Finnish spruce stands on fresh site types. The
primary spruce stand gradually developing after fire via the various
stages of birch-spruce mixed stands into a pure stand, passes after its

medium age through but a fairly short phase of development of some 100

years, reminiscent of the climax stage, which is followed by a complete

destruction of the tree stand. The next tree generation developing
during this post-climax stage, i.e. the stand of the secondary succes-
sion, is born and grows in ecologically much poorer conditions than the
primary stand that developed immediately after forest fire. Due to the
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strong influence of the spruce forest on the stand climate, the climax
stage of the secondary succession assumes phytosociological features
reminiscent in their essentials of the climax stage of the primary
succession. As the tree stand, especially in the secondary succession, is
progressively destroyed, plant species indicative of paludification make
their appearance in the plant community. Thus the natural development
of HMT is not that presupposed by the climax theory and the forest site
type theory, i.e. a return in each succession to the same type stage
expressing the same site quality. On the contrary, the natural deve-
lopment, unless the original site quality is restored by fire, is one of
continuous decline succession by succession.

— The most important cause of the slow development of secondary
stands is assumed to be their unfavourable ecological state. The
cold substratum arising mainly from the thick raw humus layer that
so readily retains moisture must be considered very important. It
is in turn one of the principal causes of the incomplete decomposi-
tion of litter. The result is a progressive accumulation of raw humus and
its many negative consequential phenomena, among which must be
mentioned above all the binding of important nutrients for lengthy
periods in a form which makes them unavailable to the trees, and the
ever colder, more acid and moister substratum.

The main conclusions seem at first glance to contradict somewhat the
cardinal principle of the forest site type theory. But a close review reveals
that the earlier investigators too have or very nearly have arrived at similar
results.

Cajander himself originally regarded HMT as suspect. He points
out that the plant cover and tree stand of this forest site type do not fit
into his theory. With his unrivalled intuition he stresses in one of his state-
ments that HMT is a result of the deterioration of forest soil caused by
spruce forest. Hence the hitherto accepted definition of HMT as a site type
must probably be considered a temporary solution, and the fact that it
conforms poorly with the present forest site type theory will be reverted
to further below.

Heikinheimo, again, gives a large number of examples which
both illustrate the transition of HMT via forest fire to communities
similar to MT and show that burnt forest areas have developed into
HMT. He attributes the origination of HMT mainly to the climate, though
he does say too that HMT is a forest site type created by the spruce itself.
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An important result of Heikinheimo’s investigation, the finding
that HMT is at its most typical mainly on the northern and eastern aspects
of mountains, is a powerful emphasis of the decisive importance of the
climate, expressly the stand climate, in the formation of HMT. In the
present investigation the exposition of the habitats has not been subjected
to special study, but the ecological observations made strongly support
Heikinheimo’s finding. It seems as if the conditions for the
described development of secondary forests were particularly favourable
just on the northern and eastern slopes on which expressly the soil temper-
ature generally remains below the normal.

Kujala in his time was the first to stress the parallelism of HMT
and MT. In addition, he assumed that MT would degenerate into HMT
within a single tree generation. These conclusions by Kujala are cor-
roborated as such by the present findings.

The plant cover descriptions for MT and HMT worked out by Ilves-
salo prove indisputably the nature of the phytosociological equality
involved in reality. It is very noteworthy that the HMT distinguished by
him tens of years ago, apparently on the basis of the thick raw humus layer
and the physiognomic characteristics of the tree stand, corresponds in
many details with the secondary spruce stand described in the present in-
vestigation. In the present author’s opinion this increases the reliability
of the present investigation considerably on this point. In addition, it may
be mentioned that it was the phytosociological similarity probably that
led to the extensive re-classification of HMT under MT in the second
national forest survey.

Aaltonen’s doubtsabout HMT’s position in the fertility scale prove
justified. The idea advanced by him — that the present poor site quality
must have other causes also than the soil — is provided with a natural
explanation in the separate ecological studies of the present investigation,
an explanation which he himself gave at quite an early stage: yHMT is the
result of soil degeneration caused by spruces. Aaltonen, by a very
different route, comes to almost the same conclusion as the present author
on the potential site quality of HMT (Aaltonen 1952).

Airaksinen and Teivainen, again, have emphasized the
decisive importance of the spruce expressly for the formation of the ground
vegetation on HMT.

It may also be mentioned that many practical foresters working in
North Finland have assumed that the causes of the low production of HMT
spruce forests lay in the very factors that were studied in the present
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investigation. Among them may be mentioned especially Mets dn-
heimo, Oksanen and Siitonen.

The question of the slow development of secondary stands has interested
foreign scientists as well. Just a few results, particularly valuable from the
point of view of the present investigation, may again be selected from the
vast literature. Raup’s (1946) and Blo o mber g's (1950) observations
of the poor growth of the second generation of spruce in the coniferous
forest zone of Canada concur with the principal conclusion reached in the
present investigation. Similarly, the investigations by Wiedemann
(1925) and expressly by Wittich (1952)and Attenberger (1951)
into the decline in the growth of German spruce stands also support the
above result on the causes of the regressive development. The rapid col-
lapse of tree stands, an important thesis in the dynamics of the HMT
forests, is known from forests of a different nature also (cf. Iwashke-
witsh 1930 and Jones 1945). Above all, the decisive importance of
spruce for the physiognomy of the plant cover has been established by
thorough research (Attenberger 1951). Chirita’s (1931) views
of the influence of tree stand and vegetation upon the availability of nutri-
ents in the humus layer concur also with the results of the present study.

Hence the present investigation receives strong backing from results
attained elsewhere. Inevitably, of course, there are many points of detail
on which the different investigations and the main results reported above
do not agree. An important example is Hesmer’s (1930) finding that
fire has not a positive influence. His rigid conclusion, however, applies to
the use of fire in forests outside the cool and humid coniferous forest zone.
Similarly e.g. Korstian’s observations (1937) of the devastating effect
of fire after logging on the spruce stands in the Appalachian Mountains is
doubtless true of the local conditions. In the North Finnish spruce forests,
however, the selective cutting method, proposed by Korstian, would
produce still worse problems.

In his perusal of the literature, the present author has found no
investigations based on thorough and prolonged ecological studies of plant
communities similar to HMT spruce stands in which the results are sharply
contradictory to the main results reported above, on one or several essential
points.
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As pointed out above, Cajander himself observed that the plant
cover and tree stand of HMT did not fit into his forest site type theory.
Now follows a short review of the extent to which the present results con-
tradict the fundamental conceptions of the forest site type theory.

Cajander states (1949, p.21) that the natural classification of
habitats must be accurate and objective. The instance given above from
national forest surveys shows that the forest site type theory does not meet
these requirements as far as HMT is concerned because two »forest site
types» overlap physiognomically although, according to the present investi-
gation, they differ a great deal in their ecologico-biological characteristics.

The application of the third fundamental requirement of the forest
site type definition (op. c. p. 31, Item 3) to the HMT spruce forests also
seems barely satisfactory. It presupposes that the changes caused by the
tree species growing on the site at a given time must be considered tem-
porary in character. It remains to be decided which of the two tree species
has a temporary influence, the birch of the primary forest or the spruce
of the secondary forest.

Bearing in mind that Cajander (op.c. p. 32) endeavours to define
the potential site quality, the latter alternative — the spruce of the second-
ary forest — must be considered the temporary species. This conclusion,
however, is in sharp contradiction to the supporting conception of the
forest site type theory, based on the climax theory (op.c. p. 24). According
to this, it would be most correct to consider HMT the real forest site type
and its first tree generation only a temporary deviation caused by fire
from the state of equilibrium. However, the forest site type theory seeks
above all to provide practical forestry with a durable basis of classification.
This is borne out by Cajander’s fundamental endeavour to describe,
with the aid of the forest site types, those primary site factors that would
remain even if the site were completely bared of plants (op.c. p. 32). In
other words, HMT should not shift to Myrtillus type by burning over but
should become a habitat equal in fertility to the thick-moss type.

Hence Cajander’s conclusion of the temporary nature of the in-
fluences of secondary site factors must be considered a misleading idea that
must have arisen from an erroneous application of the climax theory.
Cajander, it is true, instinctively recognized that there was something
odd about HMT, but he did not devote adequate attention to the
peculiarity.

On the other hand, it is difficult not to agree with Cajander on
the main lines of development of the vegetation appearing on a site that
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has been returned to a primary state. Even the gradual formation of the
plant associations in the primary succession of the present investigation into
type associations provides strong and indisputable support for this section
of Cajander’s beautiful logic. What remains to be seen is where the
contradiction lies. It was concluded above that the application of the climax
theory to the thick-moss type is misleading because of the regressive
development involved. Assuming that the results reported in the present
investigation of the dynamics of HMT forests and of the restoration of their
fertility by fire are correct, the forest site type definition by Cajander
is limited in its application to primary forests only. Cajander himself,
not knowing the character of secondary forests in detail, may originally
have intended this limitation.

In other words, HMT represents the northern MT in its secondary
succession stages, in which the naturally regenerated spruce stands, due
to numerous unfavourable ecological factors, are generally sparser and
of slower growth than the potential site quality presupposes.

It is evident that the amplitude of variation present in the secondary
succession stages is very wide. The present investigation includes only
one development series from among the many possible. A characteristic
common to all HMT forests, however, besides the thick raw humus layer,
is a tree stand of poor growth. By changing the ecological qualities of the
site its actual site quality too can be made to approach the potential,
i.e. the true site quality.

There is but little HMT present in South Finland. Yet it is difficult to
see why the influence of South Finnish spruce stands on their own environ-
ment should differ in principle. Partly thanks to widespread cultivation by
burning-over and partly because of numerous forest fires, the problem of
the secondary forests, it is true, has still not become as topical as it has in
North Finland, even though plenty of so-called tired spruce stands are en-
countered in the provinces of Uusimaa (Nyland) and North Hdme (Tavast-
land) on fresh sites. In these forests a long-term ecological constellation,
too static mainly due to the tree stand, has evidently reversed the origin-
ally dynamic course of development of the biocoenosis to a mainly regres-
sive one.



Practical application

The practical applications of the present investigation are clear.
Restoration, on a larger scale than before, of the northern secondary for-
ests to their primary condition must be started without delay. The techni-
cal silvicultural solution in the majority of cases is the simplest: clear
cutting, burning-over, and artificial regeneration.

It must of course be emphasized that the immediate removal of the
raw humus is not always the main thing; the principal objective is often
to convert the nutrients contained in the raw humus gradually into a state
in which they are available to the trees. But forestry in Finland is not so
intensive yet that large-scale artificial fertilizing of forest soils, leading to
the activation of the raw humus layer, is an economic proposition. Hence
burning-over, which leaves some 1—3 c¢m of organic matter unburned on the
surface of the mineral soil is probably the most appropriate measure em-
ployable at present. Losses of organic matter are easily replaced by the
biological route provided the burned-over lands are not exceptionally poor
in bases. The deciduous seedling stand which grows spontaneously on the
burned-over area maintains the biological health of the soil by the vital
circulation of alkaline nutrients. In practice this means that in thin-
ning cultivated seedling stands established on
former thick-moss sites at least a slight admixture
of deciduous trees must be left in the main seedling
stand wherever competitive conditions permit. Later on, too, the
slightly mixed character of the stand must be retained as long as possible.

Where acceptable natural regeneration of spruce has already occurred
the stand must, initially in particular, be allowed to develop heavily mixed
with deciduous trees so that the decomposition of the old thick raw humus
layer can proceed more rapidly and the stratification of a new raw humus
layer can be inhibited as far as possible.

The problem of choice of the tree species is outside the scope of the
present investigation. But it may be recalled in passing that the growing
stock of the primary stand described in the present investigation differs
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considerably in its development from that of present-day cultivated pine
stands. In North Finland, rich in pine, the regeneration of spruce on the
best fresh forest soils, however, is perhaps a solution worth considering.
But the medium and the poorest HMT soils must be converted into pine
stands without hesitation.

We know already that the growth of those pine stands is very su-
perior to that of the former HMT spruce stands. The present investigation
suggests there is every reason to believe that this superiority will be main-
tained in the future too. The growth increase is not transient, the result of
a wasteful once-for-all utilization of nutrients liberated from the burnt raw
humus layer; it will persist, provided the true fertility of the soil is main-
tained by ensuring that the composition of tree species is suitable — and,
in due course, perhaps by a new burning-over.

* *
*

As was pointed out in the foreword, Heikinheimo succeeded in
converting HMT spruce stands of poor growth into artificial seedling stands
of excellent growth. The knowledge of stand climate, humus activity, min-
eralization of nutrients and the physical properties of forest soil was then
on the whole very incomplete since no investigations had been made. In
other words, Heikinheimo had no guarantee that his silvicultural
solution would lead to the desired result. A small memento of his life-work
is visible on the slopes of the experimental areas of Kivalo and Kaihuan-
vaara. It would be difficult to find more beautiful evidence than the vital
cultivated pine stands growing there of a correctly evolved solution in
principle from a time when knowledge had to be combined with intuition
and when the solution advocated, in the opinion of the highest forestry
authorities, was simple radical defiance of nature.

The view advanced in this work of the nature of HMT forests clearly
helps to throw new light on many earlier solutions offered in connection
with timber logging, land settlement, taxation and economic planning.
Without going into detail, it may be said in brief that the silvicultural
viewpoints alone are sufficient to warrant the faster utilization of the grow-
ing stock in the old spruce forests in Lapland and the undelayed reforesta-
tion of the fresh firm forest lands there for the service of forestry. Thus can
the potential productivity accumulated in them in the course of centuries
be put to good use.
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11 Masnselkd - a
12 Roukums = e

13 Loukkukuspw - a
14 Vuojirvi - ¢

15 Meimua - £

16 Susivasra - a
17  Lammaskumpw

18 Miehimginaha

19 Maimua - a

20 Msinua - d

21 Loukkukumpu - b
22 Rautansula = b
?3 Hau'epaula - ¢
24  Ahse Jirwi

25 PMoenselkd - t
2€ Soijinlehto

27 VMiehiamkd

28 Hyemurto - a

29 Miehinkdvaaranoho
30 Ahokuusiveara
31 Loukkukumpu - e
32 ilevosvesra - a
33 Vilma = a

D R

34 FReihua = b
35 Vuojérvi - a
36 Kivalo - a
37 FRaihua - a
38 Maimua - b
39 Hyemurto -b
40 Vaisko

41 Vilma - b

42 Siulio - g

43 Hevosvaara - b
44 Stulio - h

45 Kaihuenveara
46 Siulio - i

47 Lauttaselki

48 Julma

49 Pahtavaara
50 Siiselkii
51 Tarpomapid

52 Siiselkd - a
53 Kuusiveara - ¢
54 Pahtaveara - a
55 Maimua - ¢

56 Kaihua - @

57 Vilma - ¢

58 Seipjirvi

59 Siulio - k

60 Vuojirwi - b
61 Siulio - a

62 Siulio - e

63 Susiveara = b

68 FKuusivaara - b
69 Tarpomapéi - a
70 Kivalo - d
71 Roukuma - b
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Appendix 2. List of
part investigations per-
formed in the various
sample plot stands.

Liite 2. Luettelo eri ndy-
tealametsikdissd suorite-
tuista osatutkimuksista.



-

‘Semple plot stand

- Nilytealametoikis

Number of stems per hectare - Runioluku,kpl/ha

Doninant. height,n

Volume of stand,cu.m./ha = Ruutiomfiiri

o%jom

Corrected number of stems per hectare
Rorjattu runkoluku,kpl/he

e Valtapituus,m
s |8 i st fge,yenr Spruce Birch  pther species| Total Original values Corrected values Spruce Bireh  pther species|  Total
? 2 Beme lati- visyys,si Ik, v Kuues Kotva  Muut puulajit| Yhteansh Alkuperiiisarvot Korjatut arvot Kuusi Roivu  Muut puulajit| Yhteensh
% B3 i B o
§' e tude | tion " E R g g E E § E E g g
L L :§ . ..: BS 3 5 gy 2 1% L la % |8 als % |& -l ‘é L E pruce |Riroh Sp) Birch [Others| Total [Spruce|Birch rmun Total |5 il 218 le :E;. $ ol 'é Sl -
¥ § %= sai bex !.;Einh-;_.._.i»g;iuausoiz,;. v 53 uiuﬂgi. + i3 .EE.E.
53|53 p e ERE A B PR LR LR LN LR LR LA L ' IElEglEElEglE5lEgld 5]t
! é'i 4 Eii E!g EEIEENE2]G A0 g 252 g M g wust [Roswu | ot (Ruuat | Kotwa Maut | vhto [wusst |roiva ot | e |9 £ )0 & (5 2|0 3 E 353 i 8 :g
HHE EEA R e R LR E R R E R L RN e A L D FElBE|Rd|5g|A2[43[83]9
1 - | Retxiruma - o 67%5°| ss% [17.2 [19.0 | 18 | o 6 | 0.8 70 34000 1000 woo | 7| WO - a a a o 85 42500 12% 143835
2 - | Kuustivanies 67%0° [ we® |21.4 25,1 [ 3.7 | 8 8 | 0.4 10% 14200 2100 17330 | - wol - a a a N 2575 35500 5250 143325
3 - | EKetikuss - © 67%5° | £2° [15.0 [17.9 [ 2.9 | 22 | 25 | 0.8 | 20 | 200 [4000 |23000| 300 | 1480 |4320 |oaseo | 20| 3.5| 20| & | 9.9 | & | r0.0] A | 2.0f & |r2.0] 25 | 2505000 28750 | 375 | 1850 | 5400 150850
4 36,70 |Kivalo - & 66°20° | ms® [17.2 | 20.7 | 3.5 | 25 25 | 1.0 |(825) |2075 k2800)|30000 | 25 | 1575 [3650) [33650 | (47) 6.7 34,6 | 0.9| 42.2| 7.0 | 35.0f 1.0 | 43.0 f(e25) | 2075 | 2000 30000 | 25 | 1575 [ 3650) [33650
s | 7 |Kathua - & 66°25° | m15°(19.6 [23.3 | 3.7 | 32 | 32 | 1.0 | 200 | 460 | 2700 [10560 | 320 | 980 [ 3220 12000 | 7.9 9.0 [ 7406 | 8.7| 92.3| 9.0 | 75.0| 9.0 | 93.0| 200 | 4502700 10560 | 320 | 980 [ 3220 [12000
6 | 6 |stuio-n 67%s57 | £3° [15.6 [20.0 [ 4.4 [ 30 | 51 | 0.8 | 20 | 360 |2120 [ 4580 | 30 | 470 {2170 | 5410 | 7.0 0.6 88,2 | 0.8 05.6[ 1.0 [105.0| 1.0 [107.0] 25 | 4s0) 2650 | 5725| 40 | 90 2715 | 6765
7 | 44 |stulto - 67%5° | $7° [11.5 [16.0 | 4.5 [ 40 | 51 | 0.8 | 90 | 750 |2340 [ 7690 | 190 | 420 (2620 | 8860 | 10.2 7.6 65.2 | 6.6 79.4[ 10.0 | 82.0| 8.0 [100.0 [ 110 | 940] 2925 | 9610 | 240 | 525 3275 |1075
8 - |1tmmarove 67°25° | WE1® 18,7 2406 | 5.9 [ 30 | 65 | 0.8 | 210 | 810 |1370 [ 45% | 20 | 120 1600 | 5480 | 9.6 1.7| 8804 | 3.2]106.3] 18.0 [111.0| 4.0 |133.0 | 265' | 1010 [ 1710 | 5690 | 25 | 150 [ 2000 | 6850
9 |3,68 [Rwusivaara - o | 67%0° [ se8® [17.7 [22.7 [ 5.0 | 50 | e [ 1.0 [150 [3310 | 1220 | 2140 | 100 | 2% [1470 5700 [ 13.0 32,6 [13446 | 12,2 | 179.4] 33.0 [ 135.0( 12.0 |180.0 | 150 | 3310 | 1220 | 2140 | 100 | 250 | 1470 | 5700
10 | 22 [Reutansula - a | 67%35°| ©0° [18.6 [22.3 | 3.7 [ 60 | 88 | 0.7 | 70 [2390 |1325 [ 2070 60 | 70 | 1455 | 4530 | 123 19.3]9646 | 6.9 | 122.8| 28,0 [138.0] 10.0 [176.0 | 100 | 3415 | 1895 | 2955| 85 [ 100 | 2080 | 6470
" 25 |Maanselki - a 65°50° | B3° [21.1 |25.1 [ 4.0 | 85 90 1.0 | 600 [1750 | 1000 | 1080 [ 160 310 | 1760 | 3140 | 3.9 121.0 | 6144 | 24.8 | 207.2]121,0 | 61.0] 25.0 |207.0 | 600 | 1750 | 1000 [ 1080 | 160 310 | 1760 | 3140
12 | 71 [Roukusa - a 67%35° | 2° [13.5 |17.0 | 3.5 | %0 | 95 | 0.8 [320 |1120 [1160 | 2630 | 95 | 125 [1575 | 3875 | 12-4 43.5 10044 | 1.2 | 158.1] 54,0 [126.0| 18.0 |198.0 [ 400 | 1400 | 1450 | 3290 | 120 | 1551970 | 4845
13 | 31 [roudmcuspw - o | 65%107 | N2° |13.0 |17.5 [ 4.3 | 95 | 95 | 0.9 |675 |2340 | 790 [ 1765 [ 40 | 265 [1505 | 4370 | 118 81.6 | 75.1 | 7.4 [164.1) 31,0 | 83.0] 8.0°[182.0 [ 750 | 2600.| 880 | 1960 | 45 | 295 [ 1675 | 4855
% | 64 |vuogiirvi - ¢ 67%3° | w1® |16.5 |21.0 | 4.5 [100 [ 100 | 0.8 |00 1405 [ 820 | 2050 | 75 | 95 [1295 | 3550 | 14.9 9.1 80.4 | 16.0 [ 185.5[111.0 | 101.0] 20.0 232.0 | s00 | 1755 1025 | 2565 | 95 | 120 | 1620 | 4440
15 | 65 [vatmua -1 65%5° | $1° |w.2 |17.2 | 3.0 [100 [ 104 | 1.0 | 600 |303 [ 890 [ 1000 20 | 60 [1500 | 4090 | 121 119.7 [112.0 | 10,0 | 241.7[120.0 [ 112.0 | 1040 [242.0 [ 600 | 3030 | 880 | 1000 20 | 60 [1500 | 4090
16 | 63 |susivears - a 66°%0° | w4 |1s.2 |21.3 | 6.1 [125 [ 125 | 1.00|650 [aoso | s30 | 635 | 55| 90 |1235 | 4765 | 14.2 5.6 | 69.8 | 13.8 | 269.2[186.0 | 70.0( 14.0 |270.0 | 650 | 2040 | 530 | €35| 5| 90 |1235 | 4765
L] - |lemmaskuspu: 66%0° [ NE1° [16.2 |22.2 | 6.0 |130 | 130 | 0.9 [775 |teso | 360 | 745| 10 | 10 [1145 | 2595 | 12.2 35,9 | 42.7 | 5.0 | 187.5 a1.0| 6.0 [204.0 |80 | 2045 4c0 [ 83| 10 [ 10 |s1270 | 2885
18 | 29 |Miehinginano 66%0 |mes® |12 |21.s [ 43 [130 130 | 00 |750 |4t10 | so5 | eso| 15 | 135 |1270 | 4895 | 127 143.7 | 63.9 | 1.3 2080 4.0 1.0 |00 [75e. | 4110 05 | eso| a5 | 135 [ 1270 | 4e9c
19 | 38 |Matmua - & 65%s° | w3° [16.7 [19.8 [ 3.0 435 | 135 [ 1.0 [650 [2760 | se0 | 700 | 10 | 375 [1220 | 3835 | 12,6 137.0 1016 | 1.4 | 260.0[137.0 | 102.0 1.0 J260.0 | 650 | 2760 | S0 | 00| 10 | 375 (1220 13835
20 38 [Maimus - 4 65%5° |sw2® [18.0 |21.3 [ 3.3 [135 [135 [ 1.0 |710 [1540 | 420 | 420 | 30 [ e20 [1160 [2780 [ 3.2 173.3 [£5.2 | 20.7 | 279.2[173.0 | 85.0| 21.0 |279.0 | 710 | 1540 420 | 420 | 30 | 820 | 1160 | 2780
21 | 31 |loukurumpu- b |65°10° | s82° [15.1 |20.1 [ 5.0 [135 [135 | 1.0+ |65 [3030 | 535 [ 35| 40 [ 75 [1230 | 3640 | 13.5 141.0 | 82,0 | 18,0 | 241.0[141.0 | 82.C| 18,0 [241.0 | 655 | 3030 [ 535 | s35| 40 [ 751230 | 3640
22 | 10 |Rautaneuln - b |67°35° | $3° |18.0 |22.4 |4aa [137 [137 | 1.0 |sso [2125 | 525 | 705 [ 105 | 105 |11e0 | 2935 | 14.0 138.0 | 67,0 | 33.0 [234.0[134.0 | 67.0] 33.0 [236.0 | 550 | 2125| 525 | 705 105 | 105 | 1180 2935
23 | 10 |Rautensuta - ¢ [67°35° | W° |10 [23.5 | 5.5 [13 437 [ 1.0 |eco [1855 | 515 | 615 10 | 10 |1925 | 2480 [ 15.0 158.0 | 89,0 | 1.0 [239.0 [158.c | 0.0] 1.0 [239.0 [600 | 1855 [ 515 | €15 | 10 10 | 1125 | 2480
2 - |Anmagires 66°12° | 0° [16.0 |21.8 | 5.8 |45 [145 |o.8 [420 [2135 | 285 | 350 | 15 [ 25 | 720 [2510 | 140 19,1 [47.7 | 3.4 | 170.2]149.0 | 60.c | 4.0 |213.0 525 | 2670 | 355 [ 440 | 20 30 | 900 | 310
25 | 11 |Meanséuis - v 65°0° | 56° [18.4 |20.1 |57 150 150 | 1.0e 620 [2200 | 215 | 20 [ - - | 905 |2460 | 15.0 [ 13.7| - |213.8 510 | - |26a.eforac0 | 510 - f265.0)690 | 2210] 215 | 20| - - | 905 | 2160
2 = [Seijinlento 66%0° | E1° Joo.6 [25.5 [4.9 [150 1% | 1.0 |570 2055 | 240 310 55 75 | 865 | 2440 | 15+6 | 14.0 16.0 1176.6 | 56.2 | 19.9 | 25247 [177.0 | 56,0 | 20.0 |253.0 | 570 | 2055 | 240 310 55 75.( 865 | 2440
27 |(30) |Mieninki 66%40° | ws® [16.6 [23.6 | 7.0 [1%0 1% |o0.8 |40 [1315 | 280 | 295 = 15 | 750 | 1625 | 14.4 | 13.6) - 134.3 | 52.7 - |187.0]168.0 | 66.0| =~ ]234.0]590 | 1645| 350 30| - 20 | 940 | 2035
2% | 39 |Hyemurto - o 65°0° [WE1° J19.7 [28.0 |83 [180 [1e0 | 100|590 [2160 | 365 | a2s | - - | 955 |2s85 }1s.s | 13| - [210.7[79.9 | - |290.6211.0 | 0.0 - 2910|500 | 2160 | 365 | 425 | - - | 955 | 2585
29 | 18 |Mientmkiivaaranano [66%0f [wEe® [16.3 |23.6 |7.3 |80 [180 0.9 |ess [1150 | so | 10| - [ es |75 [1365 | 160 | 15.5| - [223.2|r2.a | - |235.6[c48.0 | w.0| - |262.0 740 | v2e0 | 55| 65| - 0 | 795 [1515
3 | (27) | Avokuusivasra 66%0° | ues® [14.7 |23.0 | e.s [190 [ 190 | 0.9 |30 fr0m0 | 10| 205| - | veo| eso |05 | 16.8 | 40| - Josr.m|2a.s | - [272.3|775.0 | 70| - |302.0[s90 f 1190 120 | 325| - | 155 | 710 | 1670
31 | 13 |roudurumpu - ¢ | 65°10° | sE2° |16.5 |23.8 | 7.3 190 | . | 0.9e|s35 [1720 [ 0| ss| | 0| s4s [ 1825 |17.3 [(r6.0) - [e3e.e | 3.7 | - |2a2.50e65.0 | 4.0f - [269.0 f595 | 1910 10| 0] - 55 | 605 | 2025
32 | 43 |Hevosvaars - a  |67%5°| ws® [12.0 |18.0 [ 6.0 |195 | 195 [ 0.9 |435 |1270 | 200 | 65| 25| 55| 660 | 1690 | 15.9 [ 14u5 [ 15.0 |149.5 [52.5 | 10.6 [212.6 1660 | 58.0 | 12,0 [236.0 485 | 1410 | 220 | 405 | 30 | 60| 735 [1875
53 | 57 |Vilma-a 66%0° [ w2® |18, |27.1 |83 |ato | . |o.9 [365 | 6a0 | 10| w0 5| e 380 [ s 186 J(17.5) . [230.8| 6.3 | 2.7 |239.efs6.0 | 7.0 3.0 |266.0f405 | 710| 10 | 200] = | 65| 420 | 975
34 | 56 |Kaihua - b 66°25° | 10°|12.4 | 20.7 | 8.3 |20 . 0.1 | 285 | 790 10 5 - -] 295 | sos | 7.2 [(18.3) - [176.8| 9.0 [ - f185.8[253.0 | 13.0| — [266.0 405 | 130 ) 15| 20| - - | 420 [11%0
35 [14,60 |vuogirvs - o 67%3° | ses® |1e.2 |26.9 |87 |2as | . | 0.9 |220 [se0 | 20| e2s| 10| 20| 250 [1225 | 9.5 J(17.2) - [210.0 |22.0 | 6.0 |238.0[233.0 [ 26.c [ 7.0 |264.0 f245 | 645 | 20 | 95| 10 | 20| 275 | 1360
36 | 4,66 [xivalo - o 66°20° | w10°|15.2 |20 | 9.2 [250 | . |o.9 375 [ 700 | 20| es| - | eof 395 | ers |76 |rec)f - o4 [r2.0 | - Jausspsro | 13.0f - Joraoars | 70| 2| 0| - 65| 435 | 905
b4 5 |Kathua - & 66°25° [ ws® 13,1 |20.2 | 7.0 |260 | . | o.9 [2r0 | 795 - | -] 2] 20 o || - | - fesous| - - |os0.0 fos80 | - - |268.0|%0 | s85| - = - | a5 | 0 |nxn
36 [20,55 [Matmua - 65%5°| w3° |17 2604 [ 7.0 |260 | . | 0.9 | 255 | 440 =] w| -] 20| 255 | 680|187 | - | - [es6.e| - 1.0 |267.2[296.0 [ = | 1.0 |297.0 285 | 40| - 0| - | 295 285 | 755
39 | 28 |Ayemurto - » 65°10° | ns° [19.5 |26.6 | 7.0 [260 | . 106|450 1000 | 25| 25| - = | 475 [ 1025 [ 19,1 [(15.3) - |204.6 |10.0 | - [294.6[e85.0 [ 10.0| - [295.0 450 [1000| 25| 25| - - | 415 | 1025
w0 - |vatsko 67°%0° [w1° |13.8 | 19.8 | 6.0 |270 [1-180 | 0.7 | 260 | 4m0 s | mas| 10| 30| 275 | 2255 | 18.0 [ 13.0] 15.0 [146,9 [11.8 | 3.6 [162.3[210,0 | 17.0| 5.0 [232.0 370 | e85 | 5 | 2490 | 15 | 45| 390 |3220
“ « |vilma - v 66°40° | sE1° [12.8 |19.0 | 6.2 |300 |1-180 | 0.7 |260 | s00 15 | 160 - -] 215 | 660 | 180 | 15.0f = [147.7 | 8.2 | - [155.9p11.0 | 12,0 - [223,0 370 75| 2 | 23| - - | 390 | 95
42 | 62 [stulto - g 61°%s° | 85° |17.5 |25.7 [8.2 |00 | . |o0.7 [250 | 15 5 s| - -] 255 | 820 | €6 [(13.0) - fus6.a | 2.7 | - [159.1[223.0 | 40| - [227.0|355 [ 165 | 5 s| - - | 360 |70
43 | 32 |Hevosvaars - v  [67%s5°| w2® |13.3 |22.3 [ 9.0 p-300 h-170 | 0.6 |200 | ess | 35| 20| = [1000[ 235 | 2085 | 17.0 [ 15.5( - 86,8 | 6.4 | - [ 93214400 | 11,0 - [155.0 335 [1a75| 6o [ 335 | - f1665 | 395 | 3475
“ 7 [stulto - n 67%5° | $3° |19.6 |25.5 | 5.9 P-3%0 [1=110 | 0.3 | 100 | 540 - es| - =] o | e25 |res | - | - 63| 605 | - [ 708 - [ - - - 335 [1e00| - | 285 | - - | 335 | 2085
- LR QS N
52 ~ |Siiselkd - a 61°55°| wa® |3 | 22,8 | 3.5 32 32 | 0.8 ) 1% 623 2615 | 10000 204 200 | 2765 [10825 | 2.7 22| - 0.2 | 13.0 - 13.2| & 16,0 - 1640 | 165¢ 780 | 3265 [12500 25| 250 |34%5. 13530
53 9,68 |Ruusiveara - ¢ | 67%0°| sB5° |14.7 | 24.7 |10.0 | 40 | 40 | 0.6 | 660 [1160 [ 120 | 120| eo| eo | 860 | 1360 | 1.0 [ 5| 40 | 43| r.0f 0.3 | S.6f 7.0 ) 2,00 1.0 | 10,0 1100 | 1935 | 200 | 200 | 35| 135 (435 |2270
54 (47,67 | Pantavanra - & | 67%55°| w2® |11.4 | 16,6 | 5.2 | 0 | 60 [ 0.6 | 185 | 3465 | 750 | 6250 | - | 500 [ 935 [10215 | 4.6 | 7.8 - 49| 20.8] - | 25.7| 60 | 2600 - | 32,0250 |43% | 940 [7815( - [ 625 [1170 p27rO
55 | 38 [Matmua - e 65%45°| w5 |13.6 | 2006 [ 7.0 [ 90 | o |aso |2610 | 15 | sso| - 70 | ars| sr30| 5| - |- [23.0| o.5| 0.2 | 237|330 | 0| - 340|660 |373%0| 20 | s00 | - [1100 | 680 |53%0
56 | 34 |Kathua - 4 66°25°| w15°[18.7 | 26.7 | 8.0 | 110 [1-70 | 0.9 | 500 |4900 | &0 | 1130| 130 | 610 | 690 | 6640 | 9.9 | 10.0 [11.0 |s0se [ 7.v] 147 [ 6206 |45.0 | 8.0 [16.0 | 69.0 |555 | 5445 | 65 [ 1255 | 145 ] 680 | 765 (7300
s1 | 33 |vilmm -0 66%0°| 0° [19.3 | 27.1 [ 7.8 | 120 Lo |se |190] 0| wol -| w0 | se0| 2000 es | 8]~ |ss0f wr] - |sefr9.0 | 20| - |8rnofawo |2750| 45 [ 205 | - | 10|45 |2985
8 - | sespijarvi 6°10°| w2° [11.6 | 19.1 | 7.5 [ 150 [1-160| 0.9 | 510 |1695 | 90 | 08| 25| s5 | 85| 2085 |13.3 | 13.4 |15.c |11ee8 | 19.4 [ 1505 [153.7 32,0 [ 22.0 [17.0 [171.0 f565 [ 1885 [ 55 | 0| 30| 60 [ 650 (2285
P 6 |stulto - x 61%s°| w1 [21.6 | 20.2 | 0.1 [170 |1-180| 1e0 | 570 | 900 | 285 | sm0| 20| 20 | 15| 1300 [15.9 | 15.0 [17.0 [116.0 | 63| 1.0 |190.8 frr6uo | 6au | 110 frorie (370 | 900 | 285 | 380 | 20 20 | 675 (1300
60 | 35 |veojurvi - v 67°3° | 5810°[19.6 | 29.1 [ 9.5 |-170 [1=145| 0.6 | 290 | se0 | w0 | 900| - | 20| 43 | 1500 [13.6 | 0.1 [ = | 69.6 [ 1ai6] - [ 84211160 | 24.0 | - |140.0 [¢85 | 965 | 235 [1500 | - 35 | 120|250
61 6| stulto - o 129 | 223 | 904 |10 |s=110| 0.8 | 570 1035 | 90 | 0| - [ 285 | 4s0| vaso |15 [r20 [ - 2o | vsof - usmopss.o [ 160 [ - |i7ro fee0 | n295 [ 15 [ 475 |~ | 520 f 575 (1190
62 | 42 |stulio - e 110 | 2600 | 806 | 170 | 180 | 0.9 | 365 |1aas | 200 | 26| 40| 40 [ eas| 1750 | 16.0 | 14,0 {1425 [139.0 [ 1.0 9.0 [189.0 [154.0 | 46,0 [10.0 [210.0 f405 | 1605 | 265 | 295 [ 45| 45 | 715 |1945
63 | 16 |Susivaara - b 66%0° | wes® |14.8 [ 22.8 | 8.0 | 180 [1-140] 1.0 [ 490 [1080 | 125 | 260| 25| 0 | a0 [ 100 [14e6 [12.0 | - 7z | 22.3] 2.7 fr96.2 p7ri0 [ 22,0 | 3.0 f196.0 |490 | 1080 | 125 | 260 251 60 | 640 | 1400
6 | W |vuoyirvi’~ 4 61%3°| 01° |16.6 | 26,0 | 9.4 |200 |1-160| 0.7 | 225 | s05 | 80 | 705] - | 10 [ 305 1220 |10 12,7 | - [95.0 [ 29.3| = [124.31136.0 | 62,0 | - [178.0 {320 | 720 | 115 {1005 | = | 15 | 435 [1740
65 | 15 [Matmua - o 65%5° [ 55° [15.0 |21.2 | 6.2 |210 [1=15 | 0.9 | 375 |10%0 | 10 0| 10| 720 | 395 | 1800 [ 15.3 | 12.0 [12.0 [111.4 | 2.0 1.6 175.0 p90w0 [ 2.0 | 2.0 [194.0 [415 | 1ras | 0 | 55| 10 [ 800 [435 (2000
66 36 | Kivalo - b 66207 | %5° |13.7 | 22.8 | 9.1 |2%0 % 0.7 | 255 |1310 0 10 - 10 265 | 13% | 14,0 [(16.0)] - 118.3 | 4.0 = [122.3169.0 | 6.0 - |175.0 | 365 1870 15 15 - 15 | 380 1900
67 47,5 | Pantavaara - ¢ | 67%5° | 5° [10.5 | 17.0 | 6.5 |260 [1-200| 0.8 | 350 | 00 | 100 ws| -| - | 40| e7s|ra8 |30 | - h2as | 17| - |re0.spse.0 [20.0 | - [176.0 fas0 | 625 [ va0 | 470 f - | - f580 11095
8 9 |Russivaars - b | 67%0°| sE5° [17.1 [ 26,9 | 9.8 | 260 . |0 ]40 |80 | 0 w| - 25| a20] 915]15.2 [(11es)| - fases [ var| - [149.6 ps6.0 | 10| - 7.0 [515 |065 | 0 | so | - | 30 | 525 [1M5
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Appendix 1. List of the sample plot stands studied and approved. Sample Plots 1—44 represent the primary
succession and 52—71 the secondary succession.
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Lyhennelmai:

Po!ljois-.Suomen paksusammalkankaiden
kuusimetsien kehityksesti ja sen ekologiasta

I. Paksusammalkankaiden kuusimetsien kehityksesti

Johdanto

Pohjois-Suomen metsdvarat ovat etenkin viime vuosina olleet vilkkaan mielipiteiden
vaihdon kohteena. Teollistamiskomitean mietintd antoi varsinaisen virikkeen julkiselle
keskustelulle, ja koko kysymys joutui pian erilaisten taloudellisten ja poliittisten etu-
piirien pohdittavaksi. Keskustelu rajoittui kuitenkin etupddssd kansantaloudellisiin
erikoiskysymyksiin, ja varsin vihiistd huomiota omistettiin ko. teollistamishankkeen
perusedellytykselle, Pohjois-Suomen metsévaroille ja varsinkin niiden jatkuvalle riitta-
vyydelle. Voimatalousongelmat ja kysymys puutavaran markkinoimisesta syrjayttivit
raaka-ainekysymyksen. Vain metsétalouspiireissd korostettiin pohjoisten puustopai-
omien viivyttelemattoman realisoinnin vilttimittomyytta.

Ilvessalon johdolla suoritettujen valtakunnan metsien arviointien perusteella
tiedetdan, ettd Pohjois-Suomen metsien ikdluokkajakaantuminen edellyttdi laajoja
hakkuita yli-ikdisissd metsissé, jotta erittdin tuntuva nuorten metsien puute saataisiin
ldhitulevaisuudessa ainakin jossakin miirin poistetuksi. Vanhojen metsien runsaus ei
kuitenkaan sindnsad ole vakava epidkohta; ratkaisevinta on se, ettd huomattava maira
suurikokoista ainespuuta keloutuu ja kaatuu maahan joka vuosi.

Ndmd raaka-ainetappiot eivat kenties huoleta maallikkoa; kuvitellaan luontaisen
poistuman korvautuvan luontaisella uudistumisella. Tama etuisuus, joka metsitalou-
della normaalisti on eksploatoiviin elinkeinoihin verrattuna, ei kuitenkaan ole itsestiin
selvd eikd kaikkialla vaikeuksitta toteutuva. Jo noin 30 vuotta sitten julkaisi H e i-
kinheimo tutkimuksen, joka osoitti pohjoisten kuusimetsien luontaisen uudistu-
misen varsin hitaaksi. Vanhojen kuusimetsien vallassa olevia kasvullisia metsimaita
lienee maamme pohjoisosissa vield 1dhes 1.0 milj. ha. Luontainen poistuma on niissi
suuri, mutta metsataloudellisesti hyviksyttiviad uudistumista niissa ei tilld haavaa ole
sanottavastikaan havaittavissa. Tuloksena on vajaatuottoisuuden kasvaminen laajoilla
metsdalueilla.

Valtaosa Pohjois-Suomen metsistd on edelleen valtion hallinnassa, ja metsahallitus
onkin osoittanut kaukonakdist4 kiinnostusta Pohjois-Suomen metsien erikoiskysymyk-
siin. Sen aloitteesta ryhdyttiin v. 1949 uudelleen toimenpiteisiin sikildisten metsien
uudistumisen selvittdmiseksi. Ensimmdiisend tehtdvina oli talldin kuusimetsii koskevien
lukuisten ja aikaisemmista yrityksist4 paitellen sangen vaikeiden ongelmien tutkiminen.
Tarkeimmaksi tehtdviksi katsottiin tuoreiden kankaiden ns. paksusammaltyypin
kuusikoiden vajaatuottoisuuden selvittdminen.
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Pohjois-Suomen kuusimetsit kirjallisuuden valossa

Lihtokohtana kirjallisuuden tarkastelulleon Cajanderin v. 1916 julkaisema,
myds Pohjois-Suomen kuusimetsid kasittaviksi laajennettu metsatyyppijarjestelma.
Hénen asenteensa ongelmalliseen paksusammaltyyppiin on epdmaédrdinen alusta alkaen.
Myohemmin hédn ilmaisee kédsityksensd tdstd mustikkatyyppid muistuttavasta, mutta
melko huonotuottoisesta metsdtyypistd seuraavasti: »Ndyttdd varsin todennékoiseltd,
ettd pohjois-suomalainen paksusammaltyyppi edustaisi tuollaista kuusimetsan erityi-
sissd ilmastollisissa olosuhteissa aiheuttamaa metsdmaan huonontumistulosta, ainakin
monet tosiasiat viittaavat siihen suuntaan» (vrt. Cajan der 1949, s. 54).

Kirjallisuuskatsauksen rungon muodostavat seuraavassa osittain selostettavat
Heikinheimon, Kujalan, Ilvessalon ja Aaltosen lukuisat tutki-
mukset.

Kysymysten asettaminen ja tehtidvidn rajoittaminen

Kirjallisuuskatsaus luo monessa suhteessa pohjaa kisilld olevalle tutkimukselle.
Erikoista mielenkiintoa herédttdvista seikoista mainittakoon seuraavat.

Paksusammaltyypin eli HMT:n arvosta nimenomaan kuusen kasvupaikkana esiintyy
varsin erilaisia kasityksid. Metsdtyyppiteorian luoja Cajan der on itsekin ollut epa-
tietoinen HMT:n olemuksesta ja jattanyt esittamattd, pitdako han puustoa vai pinta-
kasvillisuutta kasvupaikkaan nihden epdnormaalina. Metsdtyyppiteoriaan perustuva
bonitoimismenetelmi soveltuu joka tapauksessa huonosti tdhdn metsédtyyppiin.

Kujala, joka on tutkinut maamme metsatyyppejd eniten ja perusteellisimmin,
toteaa (1938, s. 4) lyhyesti, etti HMT on mustikkatyypin pohjois-suomalainen rinnak-
kaistyyppi. Eri tutkijain antamien, sindnsd melko erilaisten kasvipeitteen kuvausten
perusteella on helppo ymmirtaa tima viite. Erittdin ilmeinen on HMT:n ja MT:n pinta-
kasvillisuuden samankaltaisuus Ilvessalon erikoistutkimuksessa (1937). Jo ta-
minkin perusteella voidaan olettaa ndiden metsatyyppien yleispiirteet niin samanlai-
siksi, etti Cajanderin teorian keskeisin teesi metsatyyppien taksatorisesta mer-
kityksestd on HMT:n ja pohjoisen MT:n osalta varsin kyseenalainen.

Ilvessalon kasvu- ja tuottotaulukoiden perusteella tiedetadn Eteld-Suomen
metsdmaiden sijoittuvan huonoimmasta alkaen seuraavaan hyvyysjarjestykseen: CIT,
CT, VT, MT, OMT jne.; kuivien kankaiden jalkeen tulevat tuoreet kankaat. Pohjois-
Suomessa on jirjestys toinen. Tuoreisiin kankaisiin luettava HMT on melkein kaikkia
kuivia kankaita huonotuottoisempi, kunnes kuusikko saavuttaa n. 200 vuoden idn, jol-
loin mm. ErCIT:n sdilyvd puusto jad HMT-kuusikon vastaavaa puustoa pienemméksi.

Mikili Pohjois-Suomen ja Eteld-Suomen metsityyppien vélilld todella vallitsee
jonkinlaista rinnakkaisuutta K u j alan esittiméin tapaan, on todettava, ettd HMT:n
tuottoluvut eivit oikein sovi tdhdn edelld mainittuun rinnastukseen. Toisaalta tiede-
td4n, ettei HMT mineraalimaansa puolesta ole niin vdhiravinteinen eikd rakenteeltaan
niin epdedullinen (vrt. Heikinheimo 1922 ja Aaltonen 1939), ettd timad
episuhde olisi siten selitettavissi. Huonoon boniteettiin tiytyy olla my6s muita, toistai-
seksi tutkimatta jddneitd syita.

HMT-kuusikoilla on puuston pienuuden ohella eris toinenkin leimaa-antava piirre.
Muiden muassa Lakari ja Heikinheimo ovattodenneet niiden uudistumisen
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hitaaksi ja usein aivan riittdmattomaksi. Kun vield otetaan huomioon, etti kuusimet-
sissd esiintyvd harvahko ja hidaskasvuinen taimiaines yleensi on vanhaa, on helppoa
kuvitella minkélaiseksi uuden metsdn kokonaiskasvu muodostuu.

Toiselta puolen voidaan kysyd, ovatko kaikki nykyiset HMT-metsdt syntyneet juuri
edelld mainitulla tavalla. Runkoluku hehtaarilla on vield HMT-kuusikoiden nykyisessi-
kin kehitysvaiheessa (oikeampi sana olisi kenties taantumisvaiheessa), jossa Iuontainen
poistuma on suuri, usein huomattavasti suurempi kuin Heikinheimon (1922)
esittdmidt taimettumisluvut runsaasti sammaloituneissa kuusimetsissa edellyttivit.
Heikinheimo esittdd kaiken lisiksi taimiaineksen vahélukuisuuden ja hitaan kas-
vun vastakohdaksi erditd kulon jdlkeen koivun sekaan syntyneitd kuusentaimistoja.
Ndiden taimistojen tiheyssuhteet vaihtelevat tosin melkoisesti, mutta varsinkin koi-
vujen kanssa samanikéisten kuusiyksiloiden kasvu on poikkeuksellisen hyvi. Eris
vahdiseen aineistoon perustuva, puuston kuutiomiirdid koskeva vertailu vanhojen
HMT-kuusikoiden ja palon jédlkeen syntyneiden kuusi-koivu-sekametsien kesken antaa
aihetta otaksua jdlkimmadisten metsikoiden kokonaiskasvun aivan toisenlaiseksi kuin
vanhojen HMT-kuusikoiden (vrt. Heikinheimo 1922, s. 56).

Myds Ilvessalo on kiinnittdnyt huomiota koivun osuuteen nuorissa HMT-met-
sissd. Valtakunnan metsien arvioinnin tuloksista ilmenee mm., etti HMT:I14 kasvaa noin
35 9% puhtaita kuusikoita ja noin 359, kuusimetsid, jossa koivua on sekapuuna. Olet-
taen, etteivat kaikki koivut voi olla vesasyntyisid hieskoivuja — nimenomaan van-
hoissa kuusimetsissd vesakoivujen ohella sielld tadilld esiintyvit suurikokoiset koivut
ovatkin yleensd raudusta — on mahdollista, ettd osa niistd kuusikoista on syntynyt
valittomasti metsdpalon jilkeen, jolloin koivun osuus on aikaisemmissa vaiheissa ollut
nykyistd paljon suurempi.

Taltd pohjalta ei HMT-metsien luontaista kehitystd ole tutkittu eika ns. kasvutaulu-
koita laadittu.

Tassd yhteydessd on my0s syyta palauttaa mieleen erilaiset késitykset kuusimetsien
kehityksestdi. Heikinheimo ja hidnen kanssaan useimmat suomalaiset metsi-
ammattimiehet pitdvat HMT:4 kuusen itsensd luomana metsdtyyppin4, jonka primas-
rinen aiheuttaja on suurilmasto. Puhutaan jopa degeneroitumisesta, mutta otaksutaan
tdmdén olevan vasta varsin pitkaaikaisen kehityksen tulos. Téssd kohden eroaa suoma-
lainen ndkemys selvésti ruotsalaisesta, jonka mukaan taantuminen on jo yhden puusu-
kupolven aikana tapahtuva tosiasia. Ruotsalaista kasitystd tukevat jossakin méirin
monin paikoin Pohjois-Suomessa tavattavat ja Heikinheimon ja Kujalan
mainitsemat HMT-metsdmaiden nimet, joissa koivumetsddn viittaavan yhdyssanan
jdlkiosana esiintyvat usein sanat lehto, halme, huhta, viita, vittikko ym. Kujalan
tutkimukset tukevat voimakkaasti Lundstrdmin (1902) ym. ruotsalaisten tut-
kijain esittdimid arveluja taantumistapahtuman nopeudesta.

Heikinheimo on esittinyt nikemyksensd ilmaston vilillisesti vaikutuksesta
ja saman tien kasityksensd mydskin kuusen ratkaisevasta merkityksestd HMT:n synty-
miselle. Hdnen aineistostaan ilmenee myds, ettd kuntta ja sammalpeite kasvavat pak-
suutta metsikon vanhetessa. Tahin kasvien ja nimenomaan puiden ekologiaan vaikutta-
vaan seikkaan Heikinheimo eikuitenkaan kiinnit4 erityistd huomiota. Hin arve-
lee samoin kuin K u jala talldilmiolld olevan etupééssa vain kasvilajistoa koyhdytta-
vdan ja metsdn uudistumista estdvin vaikutuksen. — Pohjois-Suomen kuusimetsien
ekologiaa selvittelevid tutkimuksia ei meilld yleensd ole suoritettu, Teivaisen
(1952) erditd osakysymyksid koskettelevaa tutkimusta lukuun ottamatta.
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Edelld on ilmennyt, ettd Pohjois-Suomen tuoreiden kankaiden kuusimetsien kehi-
tyksestd voidaan esittdd erilaisia ndkemyksid. Kyseessd olevien maiden yleisimmain
metsdtyypin, HMT:n tuottoluvut poikkeavat huomattavasti kuivien kankaiden tuotto-
luvuista, mikédli Eteld-Suomen vastaavien metsdtyyppien véliset suhteet otetaan ver-
tailuperusteeksi. Heikinheimon mainitsemien esimerkkien mukaan antavat
palon jdlkeisten HMT-metsien tuottoluvut aihetta epdilld I1vessalon myshemmin
esittdmid tuottolukuja HMT:n osalta liian pieniksi — sikdli kuin luvut ovat vertaus-
kelpoisia. Kun kaiken edellamainitun lisdksi tuoreiden kankaiden metsatyyppien vali-
set erot ovat osoittautuneet varsin epdmdérdisiksi, on ilmeistd, etta kysymys pohjoisten
kuusimetsien kehityksestd ja metsdbiologisista ominaisuuksista on seikkaperdisen uudel-
leen tutkimisen tarpeessa.

Tamén tutkimuksen pddmddrdand on edelld esitetyn johdosta selvittéda:

a) tuoreiden kangaskuusikoiden luontaista kehitystd ja

b) tamin kehityksen ekologisia syita.

Tehtdvin rajoittaminen

Pohjoisten kuusimetsien luontaista uudistumista koskevassa tarkastelussa paady-
tddn siihen, ettd uudistumisedellytykset poikkeavat toisistaan eniten metsépalon poltta-
milla HMT-mailla ja vanhoissa luontaisesti uudistuvissa kuusikoissa. Koska ekologisilla
eroavuuksilla yleensd on suuri merkitys uudistumistapahtumassa, on ndmad mainitut
uuden metsdn syntytavat otettu HMT-kuusimetsien luontaista kehitystd koskevan sel-
vittelyn ldhtokohdaksi tdssd tutkimuksessa.

Sen johdosta, ettd valtakunnan metsien linja-arvioinnin perusteella tiedetdén kuusta
esiintyvian Pohjois-Suomessa eniten HMT-metsissd, on katsottu tarkoituksenmukaiseksi
rajoittaa selvitys koskemaan yksinomaan tamin metsédtyypin kuusimetsien kehitysta.
Niin ikd4n on ilmennyt, ettd koivunsekaisia HMT-kuusikoita esiintyy enemmaén kuin
minnynsekaisia, minkd vuoksi metsdpalon jdlkeisista HMT-metsistd on tutkittu vain
koivu-kuusi-sekametsia.

Alueellisesti tehtdvd miidrdytyy edelld mainittujen metsien esiintymisen seké val-
litsevien ilmasto- ja maaperidolojen mukaan. Kesdn alku ja loppu sekd kasvukauden
tehoisan ldmpotilan summa ovat méddrdnneet tutkimusalueen pohjois- ja eteldrajat (vrt.
Kerdnen jne. 1949). Ilmastollisesti yhtendiseksi on katsottu alue, jossa kesd alkaa
normaalivuosina 10—20. 5. ja loppuu 20. 8.—1. 9. ja jossa tehoisan ldmpétilan summa on
keskimddrin vaihdellut 600°—800°C:n vaililld (kuva 8, s. 45). Humidisuutensa puolesta
alue on niin ikddn varsin yhtendinen (vrt. esim. Aaltonen 1935,s.5 ja Kujala
1936, s. 13). Edelld rajoitettu alue on maaperaltaén sikali mielenkiintoinen, ettd varsinai-
set kuusimetsdalueet sijaitsevat yleensd korkeimman merenpinnan yldpuolella olevilla
vaaraseuduilla, joissa kiilleliuskeet ja emiksiset kivilajit ovat yleisid (vrt. Heikin-
heimo 1920bja Aaltonen 1940). Alue kuuluu piadosaltaan maannostus-alueeseen
1, joka on vanhaa, vahvasti uuttunutta maata ja jossa moreeni on tyypillinen vaara-
seutujen maalaji (vrt. Aaltonen 1940, s. 207).

Ruotsissa on vastaavaa metsityyppid (Arnborg 1945: frisk blabars-ristyp —
tjockmosstyp, Malmstrém 1949: risskogstyp med mossa) erdiden arvioiden
mukaan huomattavasti runsaammin kuin Suomessa. Paksusammaltyypin kuusikoita
muistuttavia metsii esiintyy myds mm. Norjassa, Venijélld ja Kanadassa.
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Tutkimusmenetelmit

Edelld esitettyjen ongelmien selvittiminen edellyttdd luonnollisesti eri osatut-
kimuksia varten kehitettyjd erikoismenetelmid. Toiselta puolen on kuvattava, miten
kuusimetsdt syntyvit ja kehittyvit, ja toiselta puolen selvitettivi, mitki ovat ne teki-
jat, jotka vaikuttavat mainittujen metsien muuttumiseen. Edelliseen tehtdvain voidaan
kdydd kdsiksi tavanmukaisin deskriptiivisin keinoin tutkimalla edustavia niytealoja.
Jdlkimmdinen osatutkimus on luonteeltaan kausaliteettiin pyrkivd ja vaatii timin
johdosta verrattain pitkalle kehitetyn ja monipuolisen ekologisen tutkimusmetodiikan
soveltamista. Aiheen kehittelyn kiinteyttdmiseksi késitellddn ensin vain deskriptiivisen
osan menetelmid.

Sen johdosta, ettd puut kehittyvat ihmisikdan verrattuna varsin hitaasti, on synteesi
metsid koskevissa suksessioselvityksissd yleensd rakennettava eri kehitysvaiheissa ole-
villa nédytealoilla tehtyjen kertahavaintojen varaan. Titd menettelytapaa ovat useim-
mat tamdntapaisten kysymysten parissa tyodskennelleet tutkijat kdyttdneet. Myos
tédssd tutkimuksessa vastataan ensin mainittuun kysymykseen HMT-kuusikon synnysti
ja kehityksestd kyseistd tutkimusmenetelmai soveltaen.

Laajahko, kesdn 1949 aikana suoritettujen luonnontilaisten HMT-metsikéiden
etsinndn yhteydessd todettiin, ettd mainittujen metsien kehitystd voitiin parhaiten
tutkia sellaisilla metsdkuvioilla, jotka olivat joltakin osaltaan joutuneet metsipalon,
myrskyn tai jonkin muun tuhon kohteeksi ja taten jakautuneet kahteen tai useampaan
osaan, jotka nykyiseltd metsddynaamiselta tilaltaan olivat selvésti toisistaan poikkea-
via. Ndytealat sijoitettiin tdmdn johdosta rinnakkain molemmin puolin metsikdiden
vilistd rajaa, joka yleensd oli yllattavan selvé (kuva, 6,s. 38). Jotta eri rinnakkaisniyte-
alojen vertailukelpoisuudesta saataisiin tyydyttdvat takeet, asetettiin yleisvaatimuk-
seksi vanhemmalle metsikélle ehdoton HMT-luonne niin pintakasvillisuuden kuin puus-
ton suhteen. Milloin molemmat metsikot edustivat nuorehkoja kehitysvaiheita, oli
etsittdvd vanhan metsdn sgdstyneitd rippeitd saman kuvion jostakin muusta osasta.
Tutkitut vertailukasvustot hyvidksyttiin HMT:n tyyppikasvustoksi vasta sen jilkeen,
kun oli suoritettu ylimalkainen vertailu Heikinheimon, Cajanderin, II-
vessalon, Kujalan ym. tutkimusten perusteella laadittuun kasviluetteloon.
Sen johdosta, ettd suhteellisen vaateliaitakin kasveja esiintyy mainittujen tutkijain
kasviluetteloissa, katsottiin aiheelliseksi laatia sellainen perusluettelo, josta HMT:lle
ilmeisesti vieraiden kasvustoainesten niin vaateliaimmat (Geranium, Dryopteris) kuin
myds vaatimattomimmat lajit (Cladonia, ym.) puuttuvat tai jossa ne ovat vain heikosti
edustettuina. Asian luonteesta johtuu, ettid ohjeeksi tarkoitettu HMT-kasvillisuuden
perusluettelo on kompromissi edelld mainittujen tutkijain tutkimustuloksista. Luette-
lon laadintaa vaikeutti suuresti kasvipeitteen kuvausten keskindinen epdyhtendisyys.

Vanhaa metsdd kasvavaa nédytealaa ei kaikissa tapauksissa ole hyviksytty aineis-
toon. Hylkdamisen syynd oli yleensd ndiden tyyppikasvustoa edustavien vanhojen kuu-
sikoiden aukkoisuus, jonka vuoksi ne katsottiin taksatorisiin ndytealasarjoihin soveltu-
mattomiksi. Pintakasvillisuus tutkittiin niissi tapauksissa mahdollisimman kriitillisesti.

Sen johdosta, ettd niytealametsikoiden luonnontilaisuudelle asetettiin erittiin suu-
ria vaatimuksia, sijoitettiin miltei kaikki ndytealat sellaisiin HMT-metsiin, jotka olivat
sdilyneet kaikenlaisilta kulttuurin vaikutuksilta. Valtaosa ndytealoista sijaitsee tdsti
syystd kaukana erdmaassa.
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Néytealaparien vilinen etaisyys on kolmessa poikkeustapauksessa ylittdnyt 300 m.
Useimmiten ne kuitenkin sijaitsevat aivan lihekkiin, 10—50 m:n etdisyydelld toi-
sistaan. Neliomadiset, suorakaiteen tai poikkeustapauksissa monikulmion muotoiset
ndytealat vaihtelevat alaltaan metsikén i4n ja runkoluvun mukaan yleensd 0.1—0.5
ha:n valilld. Aivan nuorissa metsikéissid rajoitettiin pari mainittua alarajaa pienempii
ndytealaa, ja kaikkien vanhimmissa metsikoissi ylitt44 niytealan koko 0.5 ha.

Sen jdlkeen kun nédytealan paikka esitutkimusten perusteella oli valittu jarajoitettu,
seurasi kasvipeitteen, puuston ja maaperin yksityiskohtainen tutkiminen.

Kaytetyt tutkimusmenetelmat ovat, erditd merkityksettomii tekijin omia sovellu-
tuksia lukuun ottamatta, muiden tutkijain kehittdmid. Erityisen maininnan ansaitsee
oikeastaan vain havupuiden idn midritys, joka tapahtui puita halkaisemalla ja ydinsol-
muja laskemalla (vrt. kuva 7, s. 41).

Aineisto ja sen ryhmittely
Yleispiirteet

Kuusimetsdn synnyn ja kehityksen selvittdmiseksi tutkittiin kaikkiaan 83 néyteala-
metsikkod. Niiden maaperd on yleensd vihikivistd, hietaista moreenia (vrt. I1v e s-
salo 1933, s. 18). Useimmat niistd sijaitsevat loivilla luoteis-, pohjois- ja ita-
rinteilld, kuten liitteestd 1 ilmenee, ja melkein kaikki korkeimman merenpinnan yla-
puolella, ei kuitenkaan 300 m:4 ylempind. Kaikki nédytealat on valittu HMT:n luon-
taiselta esiintymisalueelta (vrt. Heikinheimo 1920b ja kuva 8, s. 45).

Sen johdosta, ettd tutkimuksen luonne edellytt4a ehdotonta varmuutta nédytealojen
keskindisestd vertailukKelpoisuudesta, asetettiin lopulliseen aineistoon hyvéksyttaville
ndytealoille seuraavat vaatimukset:

1) Maan tuli olla raekoostumukseltaan samankaltaista hietaista moreenia
kaikilla ndytealoilla.

2) Kivisyysasteen tuli olla normaali, ts. vastata Viron (1952) madrittimad 11
luokkaa. Painuma (Si) sai siis vaihdella 12.1—21.0 cm:n vililla.

3) Emiédsmineraali-indeksi sai vaihdella 5—25:n valilld.

4) Maan ravinnesuhteiden tuli olla mahdollisimman samanarvoiset. Jottei metsi-
palon vaikutus pédsisi héiritsemaén liiaksi, tutkittiin ravinnepitoisuus 55 cm:n syvyy-
destd.

5) Maan kosteusolojen tuli olla mahdollisimman vertailukelpoiset. Voimakkaan
soistuneisuuden indikaattorikasveja (Sphagnum ym.) ei saanut esiintyd enemmin kuin
At A (yleisyys : peittdvyys).

6) Tyyppikasvustoissa ei saanut olla HMT:n kasviyhdyskunnalle vieraita lajeia.

Edelld mainittujen vertailukelpoisuuden takeeksi asetettujen ehtojen vuoksi oli jil-
keenpdin suoritetun seikkaperiisen tarkastelun perusteella hylittdva 12 ndytealaa (taul.
1, 8. 46).

* & *

Edelld mainituin perustein supistunut aineisto késitt44 niin ollen vain 71 niytealaa
(liite 1), joiden ryhmittelyyn aineiston alkukdésittely liséksi on antanut omat piirteensa.
Ryhmittelyn padperusteena on ollut metsikon syntytapa ja nykyinen tila. Kuusijakson

24 — The development of spruce ...
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tiheyssuhteet on otettu huomioon periaatteessa samaan tapaan kuin K alelan (1936)
kuusi-harmaaleppé-sekametsikoitd koskevassa tutkimuksessa. Aineiston kolmea ryh-
maéd luonnehtivat seuraavat piirteet.

Ryhma I késittad kaikki ne ndytealametsikot, jotka ovat syntyneet valittomasti
metsdpalon, kaskeamisen tai kulotuksen jdlkeen. Kaikissa on tai on ollut jotakuinkin
taystihed tai vain hyvin lievésti aukkoinen koivujakso. (Vanhimmissa ndytealametsi-
koissd tama seikka oli pédateltdvissd maapuiden perusteella.) Kuusen invasio paloalueil-
le on useimmiten tapahtunut samanaikaisesti tai vain joitakin harvoja vuosia my6hem-
min kuin koivun, joskin joissakin tapauksissa kuusen tunkeutuminen koivikkoon on
jaanyt jopa 10-40 vuotta mydhemmaéaksi. Melechovin (1934) mukaan voi kuusi
ilmestyd paloalueelle jopa ennen koivua, tdmén seikan silti tuomatta mukanansa olen-
naisia muutoksia metsikon puulajidynamiikkaan. Sen johdosta, ettd kuusen runkoluku
eri metsikoissd vaihteli suuresti, ryhmitettiin ndytealat kuusen runkoluvun perusteella
kolmeen ryhmaéén:

a) ndytealat, joissa kuusijakso on harvanlainen,

b) » joissa kuusijakso on keskitihed (vrt. kuva 9, s. 48),

c) » joissa kuusijakso on tihed (esitysteknillisistd syistd kdyte-
tddn seuraavassa kuitenkin sanontaa ylitihed, vrt. kuva 9,
S. 48).

Seuraavassa kdytetddn ndistd metsdpalon jdlkeen syntyneistd metsikdistd eli pri-
madrimetsikdistd myos termid ensimmadisen puusukupolven metsikot.

Ryhmad IIkédsittdd ndytealat, jotka edustavat erilaisia ensimmadisen eli primaari-
sen puusukupolven muodostamien metsikdiden rappeutumisvaiheita uudistumistapah-
tumineen. Varsinaisia metsikkdtunnuksia ei téllaisista kuolevista tai kuolleista ja osit-
tain maahan kaatuneista puustoista voida taksatorisessa mielessd esittdd, mutta ndiden
rytdjen mukaan lukeminen on kuitenkin valttimatontd sen vuoksi, ettd ne edustavat
vaihetta, jota seuraa ns. sekundddrinen puusukupolvi. Metsddynaamisessa mielessd
ne ovat erittdin mielenkiintoisia (ks. kuva 5, s. 34).

Ryhma III kisittda yksinomaan sellaisia naytealametsikdita, jotka ovat uudistu-
neet edeltdvan kuusisukupolven jdlkeen ilman vililld tapahtunutta metsépaloa. Tarkeim-
pand arvosteluperusteena ovat tuoreen hiilikerroksen puuttumisen lisdksi, milloin miltei
kokonaan maatuneet suuret maapuut, milloin paikalla edelleen kasvavat yli-ikdiset
ylispuut. Uusi sukupolvi on ilmestynyt etupdédssa tuulenkaatojen pohjiin, maapuille ja
puiden vilikdiden heikkosammaleisiin kohtiin. Ndiden nédytealametsikdiden tiheyssuh-
teet eivdat heikkojen uudistumisedellytysten vuoksi ole kaikissa tapauksissa parhaita
mahdollisia. Niiden rajoittamista maastossa vaikeutti suuresti se, ettd ne olivat paikal-
lisesti sidotut palorajoihin. Olosuhteiden pakosta oli ndin ollen tyydyttédva siihen aineis-
toon, mikd oli saatavissa palorajojen valittomastd ldheisyydestd. Liitettd 1 tarkastel-
taessa havaitaankin, ettd metsikdiden keskitiheydet priméddrimetsikéiden ryhmissad a, b
ja c ovat 0.s0 0.87 ja 0.99, sekundadrimetsikoissd sen sijaan vain 0.7s. Vanhimmat met-
sat olivat pahoin lahovikaisia. Sekundadrimetsikoistd kdytetddn seuraavassa myds
nimitystd toisen puusukupolven metsat.

Aineistoon hyvéksyttyjen nédytealojen lukuméadrd eri kehitysvaiheissa ja ikaryh-
missd ilmenee taulukosta 2 (s. 50).
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Aineiston homogeenisuus

Tarpeeksi monessa suhteessa homogeenisen aineiston kerdiaminen on biclogisessa
tutkimuksessa vaikeata ja usein suorastaan mahdotonta. On enimmikseen tyydyttiva
joidenkin tdrkeimpien ominaisuuksien suurpiirteiseen samankaltaisuuteen. Vaikeus
saada kootuksi homogeenista aineistoa metsien ominaisuuksien selvittamiseksi on kuten
tunnettua aivan erityisen suuri. Siten ei esimerkiksi puuston homogeenisuus yksin
riitd, kuten Lonnroth (1925) on voimakkaasti tdhdentanyt, vaan aineiston sisii-
sen vertailukelpoisuuden takeet on etsittdvd jo metsikon synnyn ja kehityksen edel-
lytyksistd. On siis varmistauduttava siitd, ettd esimerkiksi samaan ryhmaan kuuluvat
ndytealat ovat syntyneet samalla tavalla ja ettd niiden ympéristoolot ovat mahdollis-
taneet my0s samankaltaisen kehityksen.

Viimeksi mainitun seikan suhteen on jo todettu, ettd kaikki nédytealat sijaitsevat
alueella, jonka eri osissa suurilmastoa voidaan pitdd varsin samanlaisena. Erittdin suu-
ressa madrin ekspositiosta (vrt. liite 1) riippuvan pienilmaston suhteen on sen sijaan
onnistuttu huonommin.

Naytealametsikdiden maaperdan on myds kiinnitetty nimenomaan keskindisen ver-
tailukelpoisuuden selvittamiseksi melkoisesti huomiota. Taulukoista 3—6 ja kuvista 10
ja 11 (ss. 52—56) ilmeneekin, missd médrin aineisto voidaan katsoa homogeeniseksi ja
sen paaryhmét keskenddn vertailukelpoisiksi. — Eri ndytealaryhmien puuston sisdinen
homogeenisuus osoitetaan runkolukusarjojen ja kuutiomddrdn jakaantumissarjojen
avulla jaljempana.

HMT-metsien dynamiikka

Metsikon kehitys

Kuusimetsien erilaisia syntytapoja koskevan tarkastelun yhteydessd todettiin tar-
koituksenmukaisimmaksi kohdistaa padhuomio vain metsipalon ja valittomasti vanhan
kuusimetsdn jdlkeen syntyneiden metsikdiden kehityksen selvittdmiseen. Yhdistamalla
eri ndytealoilta kerdttyja alkuperdistietoja idn mukaisiin sarjoihin saadaan eri sukses-
sioihin kuuluvien metsikdiden ominaisuuksista ainakin suurin piirtein edustava kuva.
Vaikka tutkimus on luonteeltaan metsdbiologinen, ei ole voitu vélttdd metsédtaksatoris-
ten esitystapojen kdyttamistd lukuisia seikkoja tarkasteltaessa.

Aineiston ryhmittelyn yhteydessa esiteltiin jo tiheydeltdédn erilaisten primdadrimet-
sikdiden kuusi- ja koivujakson kokonaisrunkoluvun kehitystd (kuva 9, s. 48).

Runkoluku

Sen johdosta, ettd runkoluku on méiiritelty milloin laajempana, milloin suppeam-
pana, on tidssid tutkimuksessz katsottu aiheelliseksi suorittaa puiden luku kummankin
padpuulajin kohdalta seuraavasti eritellen: 1) vallitsevaan latvuskerrokseen,
2) vallittuun latvuskerrokseen ja 3) alikasvokseen kuuluvat puut.

Tami menettely tarjoaa mm. alla esitetyt mahdollisuudet tarkastella kunkin ndyte-
alan runkoluvun kehitysta puulajeittain:
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1) kuusi + koivu + muut = Nt = ndytealan kaikkien puiden luku
2) Np — muiden puulajien luku = Np = péipuulajien runkoluku
3) Np — alikasvos = Ny = péddpuuston eli padmetsikon runkoluku

4) Ny — vallittujen puiden luku = Np = vallitsevan latvuskerroksen runkoluku

Yhtdlossd 1) esiintyvid muita puulajeja esittdvi jasen voidaan katsoa tdmanlaatuis-
ten biologisten aineistojen normaaliksi ja sindnsd vihdpitoiseksi epdpuhtaudeksi (<
10 %), joka seuraavassa on jatetty huomioon ottamatta. Nain ollen paadytain yhti-
160n 2), jolle alikasvokseen kuuluvat yksilot edelleen antavat oman suuren painonsa.
Ilvessalo (1937, s. 34) pitdd alikasvosta pddpuuston runkolukua hiiritsevini teki-
jand, ja han on ilmeisesti tasaikdisten puhtaiden metsikdiden puuston biologisen yhte-
ndisyyden perusteella jattanyt pois alikasvokseen kuuluvat yksilét varttuneimpien
metsikdiden runkoluvusta. Vertailukelpoisuuden saavuttamiseksi on tédssi tutkimuksessa
menetelty samalla tavalla, ja tdten erotettua puustoa nimitetddn paddpuustoksil.

Edelld esitettyjen erilaisten runkolukujen vertailua aikaisempien tutkimusten
vastaaviin lukuihin on vaikeata saada asialliselle pohjalle. Ilvessalon (1937)
aineisto HMT:n kuusikoista kasittdd varsinaisesti vain ikidluokat 180—230 v., jonka
vuoksi mm. koivun mahdollinen osuus puuston muodostumiseen metsikon kehityksen
varhaisemmissa vaiheissa ei ole tullut ndkyviin.

Eri puulajien ja eri sukupolvien ryhmittaisten keskiarvojen perusteella piirrettyjen
pddmetsikoiden runkolukukdyrien antamat tasoitetut arvot ilmenevit taulukosta 7
{s. 62). Vertailun helpottamiseksi on myds erditi Ilvessalon (op.c.) esittimii,
samalla tavalla laskettuja padmetsikon runkolukuja sisillytetty taulukkoon.

Taulukosta 7 ilmenee ennen muuta, etti primidri- ja sekundddrimetsikdiden puulaji-
suhteet jarunkoluvut poikkeavat toisistaan selvisti. Verrattaessa I1vessalon HMT-
kuusikoiden runkolukuja edelld mainittuihin havaitaan, ettd samankaltaisuus rajoittuu
vain 180 vuotta vanhempiin sekunddéirimetsikkoihin.

Koivu-kuusi-sekametsdn idn mukaan muuttuvan lajidominanssin vuoksi on tul-
lut aiheelliseksi tarkastella myds yksinomaan vallitsevaan latvuskerrokseen Kkuu-
luvien puiden lukumdairdn muutoksia eri ikdkausina (taul. 8, s. 64 ja kuva 12, s. 65).

Lapimittal

Ldpimitta saadaan tavanmukaisissa metsikén mittauksissa yleensd luotettavam-
min médritetyksi kuin esim. puiden pituus. Tastd syyst4 on ndytealametsikéiden puiden
keskimddrdistd kuorellista rinnankorkeusldpimittaa pidettiva melko luotettavana met-
sikon tunnuksena. Metsdtaksatorisissa tutkimuksissa onkin timin tunnuksen avulla
tehty varsin pitkille menevid laskelmia. Téssd tutkimuksessa esitetddn kuitenkin vain
runkoluvulla punnittuja keskildpimittoja, joita myds Ilvessalo on kiyttinyt,
joten vertailun suorittaminen on mahdollista.

Primddri- ja sekunddarimetsikéiden erilaisten kuusi- ja koivujaksojen kuorellisen
keskildpimitan keskimaardistd kehitystd osoittavat tasoitetut kdyrit esitetddn kuvissa
13, 14 ja 15 sekd taulukoissa 9 ja 10 (ss. 67 —170).

* Alikasvokseen kuuluviksi on tdllsin katsottu kaikki ne puuyksilét, jotka ovat
olleet lyhyempid kuin valtapituuden neljinnes, ei kuitenkazn yli 5 m:n pituisia.
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Primddrimetsikdiden kuusijaksosta saatuja lukuarvoja tarkasteltaessa havaitaan,
ettd keskildpimitta on kasvanut alusta ldhtien varsin tasaisesti aina 200 vuoteen saakka,
jonka jdlkeen huippuarvot on saavutettu 240—260 vuoden tienoilla. TAmin kulmi-
naation jdlkeen tapahtuu selvaa keskildpimitan pienenemistd, mika johtuu ennen muuta
siitd, ettd klimaksvaiheessa alkaa suuriakin puita keloutua ja kaatua maahan.

Verrattaessa edelld taulukoissa 9 ja 10 esitettyji keskildpimitan lukuja I1ves-
salon HMT:std esittdmiin lukuihin voidaan todeta seuraavaa.

Primddrimetsikoiden ylitihedn kuusijakson pddpuuston  keskildpimitta-
sarja muistuttaa jossakin maarin Ilvessalon puhtaan HMT-kuusikon keski-
ldpimittasarjaa nimenomaan ikdkaudella 180—240 v. Kun kuitenkin otetaan huo-
mioon, ettd tdssd tutkimuksessa esitetyt primdarimetsikiot kaikissa tapauksissa sisil-
tavit tai ovat sisiltdneet koivujakson, jonka keskildpimittasarja ldhinnd muistuttaa
Ilvessalon GD(M)T:n ja MT:n puhtaiden koivikoiden ldpimittasarjaa, ei edelld
esitettyd kuusijaksojen samankaltaisuutta voida pitd4 metsikéiden samanarvoisuuden
osoittajana. Jos kaikki kuuset (siis alikasvos mukaan luettuna) otetaan vertailukoh-
teeksi, havaitaan, ettd myos tdssd esitetyn primaarimetsikon keskitihedn kuusijakson
keskildpimittasarja muistuttaa Ilvessalon esittimii sarjaa jonkin verran. Ver-
tailu on kuitenkin ontuva siitd syysté, ettd Ilvessalon esittimistd lukusarjoista
puuttuu alikasvos. Vertailua sotkee mydskin koivujakso. Koivujen keskildpimitta
on kaiken liséksi selvdsti Ilvessalon HMT:n puhtaan koivikon keskildpimittaa
suurempi, vaikkei viimeksimainittuun liene sisillytetty koivualikasvosta. Selitys loy-
tynee siit4 tosiasiasta, ettd koivu-kuusi-sekametsissi on suhteellisesti enemmén vallit-
sevaan latvuskerrokseen kuuluvia koivu-yksil6itd kuin puhtaassa koivikossa.

Verrattaessa sekundddrimetsikoiden kuusijakson pddpuuston keski-
lapimittasarjaa Ilvessalon HMT-kuusikosta esittdimiin voidaan todeta varsin
merkittdavd yhtdldisyys, varsinkin jos otetaan huomioon erilaisesta idnmairitystavasta
aiheutuva 20 vuoden korjaus.

Tarkastelun paddtuloksena esitetddn, ettd primddrimetsikoiden keskildpimittasarjat
poikkeavat molempien pddpuulajien osalta niin selvdsti Ilvessalon esittimistd
HMT:n keskildpimittasarjoista, ettei taksatorisesti merkitsevdd keskindistd saman-
kaltaisuutta ole havaittavissa. Sen sijaan ndyttda sekundaarimetsikdiden kuusijakson
pddpuuston ja Ilvessalon HMT-kuusikon vélilld vallitsevan ilmeinen yhtéldisyys
keskildpimitan osalta.

Runkolukusarjat

Soveltamalla Ilvessalon (1937) esittdmédd runkolukusarjojen tasoitusmene-
telméd on tédssa tutkimuksessa laadittu vastaavanlaisia tasoitettuja sarjoja samoihin
ikdluokkiin kuuluvien ndytealametsikoiden runkolukusarjoista laskettujen keskiarvojen
perusteella. Menetelma ilmenee taulukosta 11 (s. 72). Primadérimetsikéiden osalta tulok-
set esitetddn kuvissa 16 ja 17 sekd taulukossa 12 (ss. 73—74). Vastaavat sekundairi-
metsikiden kdyrdt ndhddidn kuvassa 18 (s. 76). Erds mielenkiintoinen priméaéri- ja
sekundédidrimetsikoiden sekd Ilvessalon HMT-kuusikon vélinen vertailu esi-
tetddn taulukossa 13 (s. 77).

1 Taulukoissa on yleensd kdytetty termid paametsikko.
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Pituus

Puuston keskimddrdinen pituus 1. keskipituus kuvaa metsikon yleistd kehitysta
varsin hyvin. Tam4 tunnus voidaan ilmaista eri tavoin punnittuna ja eri metsikon
osia koskevana. Tdssd tutkimuksessa esitetddn seuraavat padpuulajien keskipituudet:
a) kaikkien 1.3 m:4 pitempien puiden, b) pddmetsikkoon kuuluvien puiden ja c) val-
litsevaan latvuskerrokseen kuuluvien puiden keskipi-
tuus sekd d) valtapituus. Viimeksi mainittu tunnus on laskettu 100 pisimmén, heh-
taarin alalla esiintyvdn puun pituuden keskiarvona. Kaikki keskipituusarvot on pun-
nittu vain kunkin Idpimittaluokan runkoluvulla. Kuvista 20—22 (ss. 79 ja 83)
ilmenevidt kummankin pddpuulajin pituuden tasoituskdyrdt ja taulukoista 15 ja 16
(ss. 80—81) keskipituuden kehitys primddri- ja sekundddrimetsikoissa.

Verrattaessa eri puusukupolvia keskenddn voidaan todeta, ettd vertailukelpoiset
keskipituuden lukuarvot ovat samassa ikédluokassa molemmilla péddpuulajeilla miltei
poikkeuksetta korkeampia priméddrimetsikdoissd kuin sekun-
dddrimetsikoissd. Tamid toteamus oikeuttaa seuraavaan pddtelmdin: mi-
kdali pituutta voidaan pitdd maan viljavuuden tunnuk-
sena, kuten Keski-Euroopassa ja Skandinaavian maissa
tehdddn, osoittaa primddrimetsikdiden suurempi pituus
niissd vallitsevien kasvun edellytysten olevan parempia
kuin sekundddrimetsikoissd vaikka kasvupaikat ovatkin
perusominaisuuksiltaan samanlaiset.

Verrattaessa Ilvessalon (1937) ja tdmédn tutkimuksen eri puusukupolvien
padametsikoiden keskipituutta keskenddn voidaan todeta, ettd vain sekundddrimetsi-
koiden keskipituutta esittdvad lukusarja muistuttaa jonkin verran Ilvessalon
HMT-kuusikon keskipituuden lukusarjaa. Valtapituuden kyseenalaisesta vertailukel-
poisuudesta huolimatta voidaan tietynlaista samankaltaisuutta havaita taméinkin tun-
nuksen kohdalta.

Kuutiomairi

Sen johdosta, ettd primdarisuksession kuusijaksoltaan keskitiheiden ndytealametsi-
koiden tiheysluvut vaihtelevat vdlilld 0.7— 1.0, katsottiin aiheelliseksi jakaa aineisto
tdltd osalta kahteen, tiheysluokkia 0.7—0.s ja 0.9— 1.0 vastaavaan ryhmidn: normaali-
puustoisiin ja tdysipuustoisiin ndytealametsikkoéihin. Kuusijaksoltaan ylitihedt ndyte-
alat muodostavat tietenkin oman ryhmainsd; jdljempénd todetaan, ettd ne ovat ldhinnd
verrattavissa tdysipuustoisiin nédytealoihin. Sekundddrimetsikdiden kohdalta olisi
saman tapainen ryhmittely tietenkin ollut paikallaan, mutta tdlldin suppea aineisto
olisi hajonnut liiaksi, koska tiheyden vaihtelu on peréti 0.s—1.0. Jotta jonkinlainen
vertailukelpoisuus kuitenkin saataisiin aikaan edes normaalipuustoisten priméddrimetsi-
koiden kanssa, on ddrimmadiset tiheysluokat 0.s ja 1.0 jdtetty pois tédssd esitettdvastd
primddriaineistoa kuvaavasta kdyrastostd, jonka tarkoituksena on mahdollistaa
alkuperdiseen aineistoon perustuva vertailu eri puusukupolvien vilill4.

Néytealametsikoiden puuston kuutioméidrd ilmenee liitteestd 1. Samaan taulukkoon
on myds sisdllytetty metsikdiden vaillinaisesta tiheydestd johtuva, todellisia olosuh-
teita silmallapitden varovasti korjattu kuutiomddrd, jonka tarkoituksena on ilmaista,
mikd kuutiomddra vahintdan voisi esiintyd kyseiselld kasvupaikalla edellyttaen,
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ettd paikalla oleva metsikkd nykyisine puulajisuhteineen olisi taystihed. Asian havain-
nollistamiseksi esitetdan eri puusukupolvia ja eri tiheysluokkia edustavien metsikdiden
sdilyvdn p uuston kuutiomadran kehitystd kuvaavat kdyrastot kuvissa 24—26
(ss. 85 ja 88).

Kuvaan 24 merkityistd alkuperdispisteistd ndhdaan, etta eri tiheysastetta olevien
kuusijaksojen kuutiomddrien erot eivat ole suuria. Kuusijaksoltaan keskitiheiden ndy-
tealametsikoiden pienempdd runkolukua korvaa niiden suurempi keskildpimitta ja
keskipituus. Tdmin vuoksi esitetddn tiheysluokassa 0.s—1.0 vain yksi, kuusijakson
tiheydesta riippumaton kuutiomddrdkdyrd. Tiheysluokassa 0.7—0.s (kuva 25) on vain
kuusijaksoltaan keskitiheitd ndytealoja.

Kéyrastoista ilmenevistd seikoista mainittakoon seuraavaa.

Taysipuustoisten metsikdiden kuusijakson kuutiomdédrdkdyrdn maksimi on selvasti
korkeammalla kuin normaalipuustoisten. Koivujakson kuutiomadédrdkédyrdn kulku on sen
sijaan samantapainen kummassakin tiheysluokassa. Syyt ndyttdvat yksinkertaisilta;
kuusen absoluuttisesti suurempi osuus aiheuttanee ensin mainitun eroavuuden ja koivu-
jakson samanlaisuus kummassakin tiheysluokassa jdljempadnd mainitun samankaltai-
suuden.

Koivujakson kuutiomddridkdyran maksimi sattuu noin 80 vuoden vaiheille metsi-
koiden tiheyssuhteista riippumatta, minkd jdlkeen alkaa suhteellisen hidas, koivu-
jen vihittdisestd poistumisesta aiheutuva vdheneminen, jota jatkuu suksession kehi-
tyksen loppuvaiheisiin saakka. Poistuma, johon ei tdssd yhteydessd ole tilaisuutta
enempad puuttua, koostuu aluksi koivujakson kulloinkin pienimmistd puista, mutta
jo 150—200 vuoden vililld poistuu runsaasti koivuvaltapuitakin, joista syntyvit tyvi-
vesat korvaavat vain hyvin vihdssa madrin kuutiomddrétappioita.

Kuusijakson kuutiomidridkdyrd osoittaa kuusen kehityksen olevan alkuvaiheissa
huomattavasti hitaamman kuin koivun. Kuutiomairdn suureneminen tapahtuu kui-
tenkin tasaisesti, saavuttaen huippukohtansa noin 220 —240 vuoden vaiheilla. Td m dn
jalkeen alkaa puuston viaheneminen, joka nopeasti kiih-
tyy suoranaiseksi romahdukseksi.

Tayteen mittaansa kasvanut, alusta saakka jota kuinkin tasaikdinen puusto ei bio-
logisista syista (vrt. esim P aech 19040) voi sdilyd - staattisena pylvdikkond kuinka
kauan tahansa, vaan vanhenemisesta johtuva yleinen fysiologinen heikkeneminen joh-
taa ennen pitkaa puiden kuolemiseen, sekundadristen syiden tosin vaihdellessa yksiidstd
toiseen. Aluksi puiden kuoleminen on yksittdistd, mutta ennen pitkdd levidd keloutu-
minen nopeasti kasittimaan valtaosan puista. Nimi kaatuvat pian joko keloina tai
joskus vield elossa olevina vanhuksina maahan ja jattavat jéljelle jadneet entistd alt-
tiimmiksi lopulliselle tuhoutumiselle.

Tdltd osalta primadriaineistoon perustuvat kdyrast6t antavat siis aihetta korjata
yleistd kasitystd kuusimetsien luontaisesta kehityksestd, jonka arvellaan pdidtyvan
staattiseen klimakstilaan.

Verrattaessa edelld esitettyji kdyria Ilvessalon HMT-kuusikoiden kuutio-
madrakdyraan voidaan todeta, ettd kuusijaksoltaan keskitiheiden ja muuten normaali-
puustoisten primidarimetsikoiden kuutiomddran summakdyrd poikkeaa Ilvessalon
esittdmaésta kéiyriist:i."Eroavuus on vield suurempi tdysipuustoisten metsikdiden koh-
dalla, jossa kuusijakson kayrd asettuu ylemmaksi kuin Ilvessalon HMT-kuusi-
koiden kdyra.
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Sekundédrimetsikoiden sdilyvian puuston kuutiomairii esittivii kayrastoa (kuva
26) tarkasteltaessa voidaan havaita seuraavaa.

Kuusijakson kuutiomdarakdyran yleinen kulku on samantapainen kuin normaali-
puustoisissa primddrimetsikoissa, joskin jossakin mairin matalampi, varsinkin alussa.
Kulminaatiokohta sattuu sekundairimetsikdissd noin 220 vuoden vaiheille, jonka jil-
keen voimakas kuutiomairian viheneminen on todettavissa. Klimaksvaihe ndyttaa
sitd paitsi puuston lahovikaisuuden vuoksi lyhytaikaisemmalta kuin primadrimetsi-
koissd. Koivun osuus ndyttdi aineiston mukaan varsin vaatimattomalta. Valtaosa
onkin huonokasvuista vesakoivua.

Sekundéddrimetsikdiden kuusi- ja koivujakson summakiyri ei tietenkiin koivun
vahdisyyden vuoksi voi saada ldhimainkaan samaa muotoa kuin normaalipuustoisten
primdarimetsikoiden, vaan jai huomattavasti matalammaksi. Timi seikka on omiaan
korostamaan primaari- ja sekunddarimetsikdiden vilistd eroavuutta. Vertailu I1v e s-
salon HMT-kuusikoiden kuutiomdirdkidyrddn osoittaa viimeksimainitun kulkevan
hieman ylempénd kuin normaalitiheiden sekundaérimetsikdiden kuusijakson kuutio-
mddrdkdyrd, mutta se on sen sijaan hiukan matalampi kuin nididen metsikéiden koko-
naiskuutiomédrdn kdayra. Kun Ilvessalon kiyrdin todennikdisesti sisdltyy seka-
puiden osuus, on yhtéldisyys suorastaan yllittdvan hyvi.

Vertailu eri puusukupolvien kuutioméirdkayrien valilla saadaan asialliselle pohjalle
vasta sitten, kun metsik6t kuvitellaan muunnetuiksi tiheydeltddn vertailukelpoisiksi.
Edelld on verrattu mm.normaalipuustoisia primé4rimetsikéita ja normaalitiheiti sekun-
ddarimetsikditd keskenadn. Valtaosa primddrimetsikoita edustavistaniy tealametsikoista
on kuitenkin tdysipuustoisia. Jotta vertailu kdvisi mahdolliseksi my6s niiden kanssa,
on koko aineisto korjattava puustoltaan taystihedksi. Verrattaessa tdysipuustois-
ten primddrimetsikoiden kuutiokdyrdd kaikkien primadrimetsikoiden vastaavaan kéy-
rdan voidaan todeta kdyrien olevan miltei identtisid. Jonkin verran voimakkaammin
on metsikdiden tdystihedksi muuttaminen sen sijaan vaikuttanut sekundiirimetsi-
koiden kdyrastoon. Koska sekunddidrimetsikdt ovat syntyneet samaan aikaan kuin
primdadrimetsikot ovat raunioituneet, on timi seikka otettu huomioon siten, ettd
sekundddrimetsikoiden aikanaan pddpuustoksi kehittyvin taimiston syntymdajan-
kohdaksi on valittu primairimetsikon ikd 300 v. Vapaan kasvutilan muodostuminen
on ndet jo siihen aikaan melko huomattavaa raunioituvassa primisrimetsikossa. Talla
tavoin menetellen saadaan aikaan 600 vuotta kisittivid kahden suksession puuston
kuutioméddran kehitystd kuvaava kdyrd (kuva 27, s. 89).

Primédrisesti ja sekundaarisesti syntyneiden HMT-metsikdiden sailyvid puustoa
keskenddn verrattaessa havaitaan, ettdi metsdpalon jidlkeen s yntynei-
den HMT-primddrimetsikoiden sdilyvan puuston kuutio-
madrd on kaikissa kehitysvaiheissa suurempi kuin sekun-
dddrimetsikdiden vastaavissa kehitysvaiheissa. Jos tarkas-
telu ulotetaan koskemaan kokonaiskasvua, todetaan etti eroavuus muodostuu vieldkin
huomattavammaksi, silld luontainen poistuma on etenkin koivun osalta erittdin suuri
primdarimetsikoissa.

Edelld esitetyn perusteella lienee mahdollista, ettd I1vessalon tutkimus HMT-
kuusikoista ja niiden taksatorisista tunnuksista perustuu ainakin valtaosaltaan sekun-
dédrisesti syntyneista metsikoistd kerdttyyn aineistoon. Yhtiliisyys ilmenee vield sel-
vemmin seuraavasta taman tutkimuksen eri puusukupolviaja Ilvessalon HMT-
kuusikoiden kuutiomdairikdyristd saatuja iukuja koskevasta vertailusta (taul. 17,
S. 89).
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Erds taulukosta 18 (s. 90) ilmeneva eri metsdtyyppien ja eri metsikdiden vélinen
vertailu herdttad mielenkiintoisen kysymyksen, kehittyyké HMT metsipalon tai kulo-
tuksen jdlkeen mdntyd kasvavana EVT:ksi ja kehittyyké EVT kuusta kasvavana
HMT:ksi. Tdmin kysymyksen selvittiminen ei kuitenkaan kuulu timin tutkimuksen
aihepiiriin, joten vastaus saa jaddd myohempien tutkimusten varaan. Jompi kumpi -
nykyiselld tavalla madritelty ja siten boniteettia kuvaavaksi katsottu metsdtyyppi saat-
taa osoittautua toisen metsiatyypin vain puulajista riippuvaksi variantiksi.

Edelld selostettujen tulosten perusteella voidaan tehdi mm. seuraavat HMT:n
puustoa koskevat paatelmait.

Palon jdlkeisen ensimmaisen koivu-kuusi-sukupolven, (primééri-
metsikdiden) sdilyvd puusto on kaikissa kehitysvaiheissaan huomattavasti suurempi
kuin seuraavan sukupolven eli sekundaarimetsikoiden vastaava puusto. Kuusen luon-
tainen uudistuminen vanhan kuusimetsin tilalle saattaa siis kiistattomasti metsin
vajaatuottoiseen tilaan.

Ilvessalon Pohjois-Suomen HMT:n boniteetista saama epiedullinen kuva
johtuu ilmeisesti siitd, ettd hanen tutkimuksensa todennikdisesti on kohdistunut pai-
asiassa HMT:n sekundddrimetsikkdihin, jotka viela tdlli
hetkelld ovat monin paikoin leimaa antavia Pohjois-Suo-
men tuoreille kangasmaille. Niiden metsimaiden potentiaalinen boni-
teetti on kuitenkin todellisuudessa selvisti parempi kuin Ilvessalon toteama
aktuaalinen boniteetti. On todennidkoistd, ettd kuusta kasvavat primairimetsit
on luokittelussa yleensa viety MT:iin ja sekunddidrimetsit sen sijaan HMT:iin.

Sdilyvdn puuston kuutioméddridn ns. suksessiokdyrai osoit-
taa HMT:n olevan metsdtyyppind niin puulaji- kuin tuottosuhteiltaan dynaamisen.

Kuutiomddrdn jakaantumissarjat

Priméédrimetsikoiden alkuperdisaineiston eri ikdryhmien ldpimittaluokittain laske-
tun kuutiomddrdn keskiarvon perusteella kootut jakaantumiskdyrit ilmenevit kuvasta
28 (s. 93). Puuston verrattain nopea kehitys on silmiin pistdva piirre.

Sekunddédrimetsikdiden kuutiomdidrdn jakaantumissarjat osoittavat ennen muuta
koivun merkityksettomyyden ja kuusen hitaan alkukehityksen. Havainnollista ver-
tailua varten esitetddn kuvassa 29 (s. 93) suunnilleen samanikiisten priméaéri- ja sekun-
dddrimetsikoiden kuutiomdédran jakaantumiskdyrit.

Tasoitettujen jakaantumissarjojen aikaansaamiseksi esitetdidn kuvissa 30 ja 31
(s. 94) erds yksinkertainen tasoitusmenetelmd, jonka avulla on laadittu primdarimetsi-
koiden kuutiomddrdn jakaantumista eri lapimittaluokkiin esittdva taulukko (taul. 19,
s. 95).

Lopuksi tarkastellaan runkoluvun ja kuutioméirin jakaantumissarjojen merkitysta
ja todetaan, ettd niiden avulla voidaan paitelld, kuuluvatko kerdtyt ndytealametsikot
samoihin sarjoihin vai ei. Tdma tarkastelu voidaan suorittaa yksiselitteisesti vain
matemaattista tietd. Sen johdosta, ettd tdmidn tutkimuksen aineisto on tilastomate-
maattista tarkastelua silmailld pitden verrattain suppea, on katsottu parhaaksi iuopua
yrityksestd. Niin ollen puuston homogeenisuuden arvostelu jda vain alkuperdisaineis-
ton ja edelld esitettyjen kdyrastdjen varaan.

Ottaen huomioon tutkittujen metsikdiden rakenteen on todettava, ettd jakaan-
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tumissarjat ovat erdstd poikkeusta lukuun ottamatta yllittidvin sdannéllisid ja lapi-
mittasiirtymd tavanmukaista taksatorista lainalaisuutta noudattava. Aineistoa voi-
taneen ndin ollen pitdd puustonkin osalta vihintddn tyydyttivin homogeenisena.

Luontainen poistuminen

Edelld on ilmennyt, ettd HMT-primddrimetsikéiden puusto saavuttaa klimaks-
vaiheensa huipun noin 220—240 vuoden kuluttua taimiaineksen syntymisesti. Saavu-
tettu tasapainotila ei kuitenkaan ole pysyvd, vaan puuston rakenteessa tapahtuu jat-
kuvasti muutoksia, jotka ennen pitkdd johtavat nopeaan raunioitumiseen. Primiiri-
metsikoiden klimaksvaihe on siis labiili tasapainotila, jota seuraa, vililli tapahtuneen
joukkokuoleman jalkeen, uusi suksessio sekundddrisen puusukupolven muodossa.

Puuston raunioituminen on itse asiassa vain tavallista voimakkaampaa luontaista
poistumista. Jo verrattain varhain syntyy tiheissd metsikoissd kilpailun aiheuttamaa
tilanahtautta, jonka seurauksena on kulloinkin heikompien puuyksiléiden kuoleminen.
Pystyyn Kkuolleiden puiden luku jonakin ajankohtana kuvaa ndin ollen elintilan riit-
tdmattomyydestd johtuvan luontaisen poistuman voimakkuutta.

Sen johdosta, ettd kuolleet puut eivdt pysy kauan pystyssd, oli aiheellista tutkia
myds eri asteelle lahonneiden maapuiden lukumairai. Kuolleiden puiden lukumiirin
ja lapimittajakaantuman avulla saadaankin tyydyttavd kuva luontaisen poistuman
rakenteesta.

Kuolleisiin pystypuihin kohdistuneen erillisselvittelyn tarkeimmat tulokset ilme-
nevat taulukosta 20 (s. 97).

Tarkasteltaessa taulukkoa 20 havaitaan, ettd poistuma on primdarimetsikoiden
kuusijakson osalta lukumddrdisesti suurimmillaan ikédluokissa 80 —195 v. ja pienim-
millddn klimaksvaiheen aikana. )

Kuusijakson raunioituminen tulee ndakyviin runsaana
suurten puiden poistumana etenkin 300 vuoden tienoilla,
ns. post-klimaksvaiheen aikana.

Koivun kohdalta ilmenee, ettd suurin runkoluvun vidheneminen tapahtuu varsin
varhaisessa vaiheessa. Voidaan myos todeta, ettd poistuneiden puiden lipimitta muut-
tuu yhd suuremmaksi, samaan aikaan kuin lukuméaard laskee murto-osaan siitd mitd
se oli 50 v. vanhoissa metsikdissd. Vanhimmissa ikdryhmissd hdiritsee kokonaiskuvaa
lukuisten tyvivesojen varhainen poistuminen.

Sekundddrimetsikoistd on vain joitakin harvoja lukusarjoja. Niistd ilmenee kuiten-
kin suunnilleen samantapaisia seikkoja kuin primddrimetsikoiden lukusarjoista.

Kuolleet puut pysyvit, kuten jo mainittiin, vain lyhyen ajan pystyssd. Etenkin
pienet koivut kestdavat vain muutaman vuoden, ja usein saattaa vield elossa oleva kuusi
kaatua suoraan maahan olematta vililld pystykelona. Maapuiden huomioon otta-
minen on siis valttdmatonta poistuman suuruuden maarittamistd varten. Kuten tun-
nettua, voidaan maatumisasteen perusteella arvioida likim&darin puun kuolinhetkesti
kulunut aika. Ndissd tapauksissa suoritettiin luokitus kuusen osalta suurin piirtein
Arnborgin (1943, s. 44) asteikon mukaisesti (ks. taulukko 21, s. 99). — Koivumaa-
puiden maatumisasteen mddritys oli periaattessa samantapainen. Eri puusukupolvien
maapuiden lukumddrd ja maatumisaste puulajeittain ja ikdryhmittdin ilmenee taulu-
kosta 22 (s. 100).
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Jotta maapuiden muodostamasta poistumasta saataisiin monipuolisempi kuva, esi-
tetddn primddrimetsikéiden kuusimaapuut lapimittaluokittain vain kahteen maatumis-
asteeseen ryhmitettynd (taul. 23, s. 101).

Taulukossa 23 esitettyd kuusimaapuiden ldpimittajakautumaa voidaan tieten-
kin pitdd enintddn suuntaa antavana ja aikaisemmin ilmenneitd seikkoja tukevana
havaintosarjana. Silti voidaan todeta, ettd ldpimitaltaan 0—10 cm paksujen kuusten
poistuminen on intensiivisintd 80 — 195 vuoden véliseni aikana. Samoin havaitaan, etta
suuria puita on alkanut poistua metsikdiden ehdittyd 200 vuotta vanhemmiksi.

Mainittakoon, ettd erds poistuman mdérityksen kontrolli antaa verrattain tyydyt-
tavan tuloksen (vrt. taul. 24, s. 102).

Primédédrimetsikoiden raunioitumisvaiheessa tapahtuvasta joukkopoistumasta seu-
rausilmidineen antavat kuvat 32—36 (ss. 103—109) varsin hyvan kisityksen. Van-
han puuston poistuminen johtaa véhitellen uuden puusukupolven syntyyn.

Luontainen uudistuminen

Pohjois-Suomen kuusimetsien erikoispiirteisiin kuuluu, kuten tunnettua, niiden
heikko uudistumiskyky. Aikaisemmista tutkimuksista ilmenee, ettd taimiainesta ilmes-
tyy ndihin metsiin etupdassa vain tuulenkaatojen pohjiin, maapuille (kuva 35,s. 106)
ja kasvillisuuden pohjakerroksen heikkosammaleisiin kohtiin. Taten syntynyttd har-
vahkoa, epdtasaista ja etupdidssd kitukasvuista taimistoa pidetddn yleensd riitta-
mdttomdnd muodostamaan uutta metsaa.

Eteld-Suomen vanhoihin kuusikkoihin kohdistuneiden uudistumistutkimusten an-
siosta tiedetddn, ettd kuusimetsissd esiintyy yleensd ns. latenttia taimiainesta. Mikaéli
kasvutilaa syysta tai tbisesta vapautuu tarpeeksi paljon, vakiintuu paikalla oleva taimi-
aines ja ennen pitkdd syntyy ndkyva taimiryhmd, joka vahitellen kasvaa laajuutta,
yhtyy muihin taimiryhmiin ja vanhan metsdn poistuttua on valmiina muodostamaan
uuden metsdn.

Koska Pohjois-Suomen kuusimetsissd sattuu harvoin siemenvuosia, ei voitane
puhua mistddn latentista uudistusmateriaalista. Sirkkataimista taimiainesasteelle
kehittyneitd taimia 10ytyy myéskin vain vilittomasti siemenvuosien jdlkeen. Niin
kauan kuin metsikkd on sulkeutunut, ei mainittavampaa taimiainesta edes esiinny
primddrimetsikoissé; erityisesti 130—200:n ikdvuosien vilisend aikana taimia ei 16ydy
juuri nimeksikdin. Kuusimetsdn vdhitellen vanhetessa alkaa luontaisen poistuman
ansiosta syntya pysyviisesti vapaata kasvutilaa, johon ilmestyy taimiainesta. Tamén
tutkimuksen aineistoon kuuluvien 240 vuotta vanhempien primadrimetsikdiden tai-
mettumisesta saadaankin asiaa valaiseva selvitys (taul. 25, s. 108).

Niytealojen yleiskuvauksista kdy lisaksi ilmi, ettd 240—300 v. vanhojen metsikdiden
staimet» ovat yleensd vanhoja kitukasvuisia yksiloita ja ettd nuoret taimet puuttuvat
miltei tyystin. Taimisto tdydentyy kuitenkin véhitellen, ja joitakin vuosikymmenid
edellisen puusukupolven raunioitumisen jilkeen on uuden metsikon muodostuminen
tapahtunut tosiasia.

Sen johdosta, ettid vanhan kuusimetsin raunioitumisen aikaan ja sen jdlkeen muo-
dostuva kuusen taimisto kehittyy jo alkuvaiheista ldhtien olosuhteissa, jotka huomatta-
vasti poikkeavat metsdpalon kdymilld kasvupaikoilla vallitsevista oloista, on asian
valaisemiseksi tutkittu joidenkin eri puusukupolvia edustavien valtapuiden varhaiskehi-
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tystad. Tulokset ilmenevat taulukosta 26 (s. 110). Sekundiirimetsien taimisto 0soit-
tautuu paitsi harvalukuiseksi, myos hidaskasvuiseksi. Mainittakoon lisdksi, ettd useat
taipumiset ja uudelleen juurtumiset aiheuttavat huomattavien juuristo-osien hylkii-
mistd, ja taten lisidntynytta lahonalttiutta. Sekundidrimetsikét ovatkin yleensd melko
lahovikaisia.

Kasvipeitteen kehitys

Néytealoilla suoritetuilla tasapintakuvauksilla pyrittiin selvittdmadin eri kasvilajien
vleisyyttd ja peittdvyyttd. Kerittyjen perustietojen avulla selvitettiin eri osakasvus-
tojen, niin kerros- kuin laikkuosakasvustojen rakenne. Viimeksimainittujen koh-
dalta rajoituttiin yleensd vain kuusten latvusprojektioissa esiintyvien laikkuosakasvus-
tojen erottamiseen peruskasvustosta. Orientoivassa mielessi eriilld néytealoilla suo-
ritettu eri kerrososakasvustojen Kkartoitus valaisi myds kasviyhdyskunnan koostu-
musta jonkin verran. Lisdksi médritettiin valtalajien vitaliteetti mittaamalla kulla-
kin ndytealalla nididen pituus. Mittaus suoritettiin tasapintakuvausruuduissa siten,
ettd ruutuneljanneksesta madritettiin ko. kasvien keskipituus.

Tasapintakuvauvksessa saaduista arvoista laskettiin aritmeettisia keskiarvoja ylei-
syyden, peittdvyyden ja vitaliteetin mitaksi. Alkuperiisaineiston yhdistelma on nihté-
vissd liitteessa 3.

Tata kasviluetteloa tarkasteltaessa voidaan havaita, ettd primdarimetsikoiden
nuorten suksessiovaiheiden lajisto muistuttaa merkittidvissd madrin I1vessalon
(1937) MT:std ja HMT:n koivikoista esittamai lajistoa. Il1vessalon HMT-kuusi-
kon lajisto vaikuttaa sen sijaan jonkin verran rikkaammalta kuin tissi esitetty Kli-
maksvaiheen lajisto. Myés Teivaisen (1952) esittimit kuvaukset HMT:n kasvi-
peitteestd nédyttavat sisdltivdn enemmain vaateliaita lajeja kuin tédssi tutkimuksessa
esitetty HMT:n tyyppikasvusto.

Suksessioiden aikana tapahtuvista muutoksista
Primddrisuksessio

Tutkimuksessa kaytetyn, rinnakkaisiin niytealoihin perustuvan menetelméin
ansiosta voitiin selvittid invasiotapahtuman paipiirteita tyydyttavasti HMT:n palo-
alueilla.

Yleiskuvan saamiseksi on kullekin ikdryhmille laskettu kasvilajien yleisyyden ja
peittdvyyden keskiarvot. Niytealametsikdiden eri ikiryhmien viliset eroavuudet tule-
vat tdten selvemmin esille.

Taulukosta 27 ja kuvasta 38 (ss. 114—115 ja 125) ilmenee, ettd_kasvupaikkoja -+
pysyvdisesti valtaavia lajeja on ilmestynyt HMT:n paloalueille eniten ensimmiisen
vuosikymmenen aikana, mutta vield kolmaskin vuosikymmen tuo mukanansa run-
saasti uusia lajeja. Vieldpd 50 vuotta vanhasta metsikistd saattaa toisaalta 16ytyéd lajeja,
jotka mydhemmin osoittautuvat kiistattomasti kasvustolle vieraiksi. Invasiovaihetta
seuranneen selektiovaiheen loppupuolella on koivu menettinyt valta-asemansa kuuselle.

Klimaksvaiheen assosiaatio ndytt4d kasvipeitteelt4in varsin mielenkiinnottomalta.
Uusia lajeja ei tietenkén ole end ilmestynyt téssd vaiheessa. Erdiden vakiolajien peit-
tavyys lisddntyy vield edellisestd vaiheesta hiukan, joidenkin muiden taas piene-
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nee. Edelliseen ryhmédan kuuluvat Barbilophozia, Ptilium ja Linnaea, jilkimmdiiseen
Polytrichum, Deschampsia ja Solidago. Valtalajeina pohjakerroksessa esiintyvit Hylo-
comium ja Pleurozium, lisivaltalajeina Dicranum seki edelli mainitut Polytrichum ja
Ptilium. Kenttdkerroksessa on mustikka syrjéiy'ttényt heinit ja ruohot miltei tyystin.
Lisdvaltalajina voidaan ennen muita mainita puolukka. Liitteen 3 perusteella on
hahmoteltu erdanlainen perusluettelo HMT:n tyyppivaiheen vakiolajistosta. Kay-
tannoliisistd syistd esitetddn samalla sekundaarimetsikoistd kerdtyn aineiston perusteella
laadittu vastaava luettelo (taul. 28, s. 119).

Kuten taulukosta 28 ilmenee, ei suoranainen vertailu aikaisemmin esitettyihin
HMT:n kasviluetteloihin ole mahdollinen. Lakari (1920a), Heikinheimo
(1920b), Kujala (1921) ja Ilvessalo (1937) ovat ndet kayttineet erilais-
vilistd Norrlinin asteikkoa ja mm. Cajander (1916) on vain selostanut
kasvipeitteen koostumuksen. Heikinheimon (1939) aineisto on hakatulta
alueelta, ja Teivainen (1952) on kerdnnyt aineistonsa varsinaisen HMT:n alueen
ulkopuolelta. Kuitenkin voidaan todeta, ettd tdssi tutkimuksessa kuvattu tyyppi-
kasvusto vaikuttaa hiukan kéyhemmiltd kuin edelld mainittujen tutkijain, etenkin
Ilvessalon ja Teivaisen, kuvaamat.

Puuston raunioituessa tapahtuu pohjakerroksessa suuri muutos sikali, ettd Pleuro-
zium tulee pdilajiksi Hylocomium’in kustannuksella. Polytrichum’in osuus kasvaa
myds, kun sen sijaan Ptilium ja Dicranum vihenevit. Kenttdkerroksessa vihenee
mustikka varsin voimakkaasti ja antaa tilaa ahdelauhalle ja miltei rdjahdysmaiisesti
levidville variksenmarjalle. Lajien vilisten suhteiden muutokset johtuvat - vilitto-
madsti kuusimetsdn keloutumisesta ja maahan sortumisesta. Parantuneet valaistusolot
ndyttdvat hyodyttdvdn etenkin ahdelauhaa, variksenmarjaa ja puolukkaseindsam-
malta.

Sekundddrisuksessio

Sekundédadrimetsik6iden klimaksvaiheen kasvipeite muistuttaa kaikilta tarkeiltd
kohdiltaan priméddrimetsikéiden vastaavan vaiheen kasvillisuutta. Yksinpa lajien ylei-
syys ja peittdvyys ovat samaa suuruusluokkaa (vrt. taul 28, s. 119). Erot ovat niin
vdhdiset, ettd maininnan arvoisia lienevit vain Empetrum sp., Vaccinium uliginosum
ja Ledum palustre, jotka esiintyvidt runsaampina sekunddirisuksession kuin primairi-
suksession klimaksvaiheessa. Ptilium’in sekd Linnaea’n osuus nidyttdd toiselta puolen
jonkin verran heikentyneen.

Sekundédadrimetsikoiden raunioitumisen aikaisia kasvipeitteen muutoksia on seikka-
perdisesti tutkittu vain yhdelld ndytealalla. Havaintojen perusteella tehtyjen paatel-
mien yleistdmiseen ei tdmdn vuoksi ndytd olevan aihetta. Kuitenkin voidaan todeta
tavallisesti suokasveina esiintyvien lajien yleistyneen timin vaiheen aikana. Samaan
suuntaan viittavat myds monet eri puolilla Pohjois-Suomea tehdyt havainnot. Mai-
nittakoon, ettd ns. PHMT:n metsidkuviot ovat usein vanhoja, kuolemistilassa olevia
soistuvia kuusikoita. Yleishavaintona sekundiirimetsikoiden post-klimaksvaiheen
kasvipeitteen kehityksesti voidaan mainita, ettd soistumista osoittavat kasvilajit
lisddntyvit, lajiston tulematta silti runsaammaksi. Kehitysvaihetta voitaisiin kenties
nimittdd soistumisvaiheeksi, joka tietynlaisissa olosuhteissa saattaa johtaa kangas-
rddseikon syntymiseen.
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Valtalajien elinvoimaisuus

Sen johdosta, ettd kasvilajien fysiognomiset piirteet saattavat eriissi tapauksissa
tuoda esille seikkoja, jotka eivdt ilmene lajien yleisyyden ja peittdvyyden tunnuksista,
katsottiin aiheelliseksi tutkia erdiden valtalajien elinvoimaisuutta kdyttiden tunnuksena
niiden keskipituutta. Tulokset ilmenevat taulukosta 29 (s. 122). Suksessioiden vilisii
selvid eroavuuksia ei voida havaita, vaan pikemminkin todistavat saadut keskiarvot
eri ndytealaryhmien kasvisosiologista samanarvoisuutta.

Tyyppikasvuston erikoispiirteisti

Erddna merkittavana tyyppikasvuston piirteeni on vield mainittava sen mosaiikki-
maisuus. Tdmd kaikkia kerroskasvustoja koskeva vaihtelu johtuu kasviyhdyskunnan
pienpaikallisista eroavuuksista. Sellaisen ymparistostd poikkeavan kasvupaikan aikaan-
saa mm. kuusen usein maahan saakka ulottuva latvus. HMT:n kasvustoissa onkin
nimenomaan kuusen latvuksen alla esiintyva laikkuosakasvusto erds mosaiikkimaisuu-
teen voimakkaimmin vaikuttava tekija. Taulukosta 30 (s. 123) ndhd4d4n missd mairin
kuusen latvusalan laikkuosakasvustossa esiintyvien lajien yleisyys ja peittdvyys poik-
keavat puiden vilikdiden peruskasvustosta. Taulukko kdasittdd vain tyyppivaiheen
tarkeimpid vakiolajeja.

Kun otetaan huomioon edelld mainittujen kasvien autekologiset ominaisuudet,
on mainittua mosaiikkimaisuutta pidettava luonnollisena ilmiond. Kysymystd HMT:1l4
esiintyvien kasvien autekologiasta on kasitellyt etenkin Teivainen (1952,ss.107
—122). Hdn on myds esittanyt aluskasvillisuuden ja kuusen suhteesta varsin moni-
puolisen kirjallisuuskatsauksen.

Suksessioiden kasvustojen vertailua

Selviteltdessa HMT-suksessioiden lajien yleisyyden ja peittivyyden muutoksia
ilmeni, ettd primaari- ja sekundédirikasvustojen vililld on melkoinen eroavuus. Todet-
tiin, ettd primédrisuksession invasio- ja selektiovaihe monine vaihteluineen puuttuvat
miltei kokonaan sekundaarisuksessiosta (vrt. kuva 38, s. 125). Ottaen huomioon erilaiset
lahtokohtatilanteet on ymmarrettdvad, ettd sekundadrimetsikoiden pintakasvillisuus
pysyy lajistollisesti suurin piirtein muuttumattomana. Vuosien mittaan akkumuloitunut
kangasturve sammalpeitteineen ei ndet tarjoa tarpeellisia invasioedellytyksid uusille
tulokkaille. Mainittakoon, ettdi Attenberger (1951, s. 602) on Keski-Euroopassa
todennut saman suuntaisia piirteita sekundaaristen kuusikoiden Myrtillus-Schreberi-
kasvustoissa.

Niin ikddn on edelld kdynyt ilmi, ettd kuusella on selvd vaikutuksensa pintakasvil-
lisuuden muodostumiseen. Koska primdari- ja sekunddirimetsikdiden puulajisuhteet
poikkeavat toisistaan varsin tuntuvasti ensimmdisten 150 vuoden aikana, on timikin
eroavuus otettava huomioon arvioitaessa eri kasvilajien esiintymismahdollisuuksia.
Lopuksi saattaa klimaksvaiheen metsikdiden paksu humuskerros vaikuttaa — kuten
myGhemmin my0s osoitetaan — siind maarin kasvupaikkaa muovaavasti, ettid puuston
aiheuttamat samankaltaisuudet metsikkéilmastossa eivit pysty kumoamaan niiti eko-
logisia eroavuuksia, joita akkumuloitunut humus aikaansaa kasvupaikan toisen pii-
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tekijan, maan, ominaisuuksissa. Verrattaessa priméidiri- ja sekundadrimetsikéiden
pintakasvillisuutta keskenddn havaitaankin, ettd sekundiirisuksession klimaksvaihee-
seen on ilmestynyt hiukan runsaammin soistumiseen viittaavia lajeja, kuin mit4 pri-
madrimetsien vastaavassa vaiheessa esiintyy. Metsatyyppiopillisessa mielessd erot eivit
kuitenkaan liene niin suuria, ettd edes alatyypin erottaminen olisi puolustettavissa.
Péinvastoin, kasvustot ovat muilta kohdiltansa hammdstyttdvin samankaltaisia.

Tamd toteamus merkitsee, ettd metsatyyppiteorian mukaan méiritelty HMT on
edelleen realiteetti, joskin tdhdn nykyiseen realiteettiin sisdltyy erds aikaisemmin huo-
maamatta jadnyt metsin syntytavasta riippuva lisépiirre:

Edelld selostettujen tutkimustulosten ldhempi tarkastelu osoittaa, ettd Cajan-
derin metsdtyyppiteorian tdrkein pdidlause, jonka mu-
kaan tietynlainen pintakasvillisuus kuvastaa tietyn-
laista kasvupaikan boniteettia, edellyttden kehityksen
jatkuneen hdiriintymiatta tarpeeksi kauan, kaipaa tar-
kennusta. Tulokset ovat ristiriidassa myds saman teo-
rian toisen pddlauseen kanssa, jonka mukaan kaikki sa-
mankaltaiset kasvipeitteet kuvastavat samanarvoisia
kasvupaikkoja. Eri puusukupolvien toisistaan poikkeava
sdilyvdn puuston kuutiomddrd todistaa erilaista aktuaa-
lista boniteettia siitdkin huolimatta, ettd kysymyksessa
ovat potentiaaliselta boniteetiltaan samanarvoisilla
kasvupaikoilla esiintyvidt, samaan metsdtyyppiin kuu-
luvat kasviyhdyskunnat. Metsdtyypin méddritelmddan on
siis ainakin HMT:n kohdalta lisdttdvd metsdn primédari-
syyden ja sekundddrisyyden kadsitteet, mikdli metsi-
tyyppien avulda pyritddn todellisen viljavuuden maéai-
rittdmiseen.

Primédrisesti samanarvoisilla kasvupaikoilla saattaa siis erilaisista suksessioista
huolimatta kaksi kasvustoa saavuttaa metsatyypiltdan samankaltaisen klimaksvaiheen,
puustojen olematta silti kvantitatiivisilta ominaisuuksiltaan 1dheskdian samanarvoisia.
Tamd merkitsee ennen muuta, ettd kasvustoihin perustuvan bonitoimismenetelmén
tulee perustua myods metsdn dynamiikan tuntemiseen.

Juuristojen muutoksista

Erds tdhdn juuristoja koskevaan osatutkimukseen kuuluva erikoispiirre liittyy
tutkittujen metsikdiden puulajisuhteisiin. Jo Laitakari (1935) osoitti, ettd koi-
vun juuristo sijaitsee syvemmalld mineraalimaassa kuin kuusen juuristo. Kun lisdksi
otetaan huomioon, ettd koivu on kuusta fysiologisesti lyhytikdisempi, voidaan tdy-
delld syylld olettaa, ettd jonkinlaista juuristojen kdyttiman maavolyymin vajaakdyt-
tod ilmenee koivun poistuttua metsikosta.

HMT-metsille ominaisina piirteind on aikaisemmin mainittu runsas varvusto ja
harvinaisen paksu valkomaakerros, jota yleensi pidetdin melko niukkaravinteisena.
Vaikkei niilld seikoilla voine olla puiden juuristojen kehitykselle ratkaisevaa mer-
kitysti — esim. Kalela ei Eteli-Suomen MT-kuusikoiden juurisuhteissa havainnut
mitddn erikoista A-horisontin vaikutusta — ne ovat kuitenkin tutkimisen arvoisia
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ldhinnd siitd syystd, ettd HMT:n A-horisontti on huomattavasti paksumpi kuin Eteli-
Suomen MT:n. Viimeksi mainitussa metsityypissd esiintyy niin ikdin huomattavasti
vahemmdn varvustoa. Saksassaovat mm. Briickner ja Jahn (1932) todenneet
kuusen juuriston muodostuvan paksussa raakahumuksessa erityisen pinnalliseksi.
HMT-metsien juurisuhteisiin kohdistuneen osatutkimuksen paitarkoituksena on
ollut selvittdd koivun ja kuusen juurten runsautta, jakaantumista eri paksuusluokkiin ja
eri maakerroksiin sekd niiden suhdetta muiden kasvien, etenkin varpujen, juuriin.

Puiden juurista

Etupédassd vesihuuhdontamenetelmilld kerdttyjen puiden juurten kokonaismiiri,
jakaantuminen eri maakerroksiin ja suhde puuston kuutioméiriin ilmenee taulukoista
33 a, b, c(ss. 133—134). Kokonaisjuurimdiristd voidaan ensinnikin todeta, ett4 viisi-
kymmenvuotisessa koivikossa, jossa kuusta esiintyy etupédssi alikasvoksena, on juur-
ten yhteenlaskettu pituus n. 1500 m/m2. Vanhassa kuusikossa, jossa koivua vuoros-
taan esiintyy vain sekapuuna, on vastaava luku kuusen osalta noin 900 m/m2.

Kun kootun aineiston perusteella konstruoidaan kuva tidystiheind syntyneiden
HMT-metsikoiden péddpuulajien juurisuhteista, saadaan asianmukaisen tasoituksen
jdlkeen taulukosta 35 (s. 135) ilmenevit kuutiomidrdlld punnitut juurimiirit eri
ikdkausille.

Edelld mainittujen, juurten kokonaisméairid esittdvien lukusarjojen perusteella
voidaan todeta, ettd koivujakson juurimidrd metsimaan neliometrii kohden on suu-
rimmillaan nuorella ialld (n. 50 vuoden idssd tai aikaisemmin), jolloin se on selvisti
suurempi knin Kuusijakson. Koivun poistuessa metsikistd vihenee pituusyksikkoini
ilmaistu puiden kokonaisjuurimddrd yllattidvan vihidn, esim. 250-vuo-
tiaassa kuusikossa on vield noin puolet 50 vuotta vanhan metsikon juurimairisti.
Kuusijakson kokonaisjuurimidri saavuttaa maksiminsa 175—250 vuoden tienoilla.
Klimaksvaiheen jdlkeinen kuusijakson raunioituminen tulee myés selvisti nikyviin
juurimddrédn é&killisend vihenemisend. Suoritetuissa tarkasteluissa havaittiin kuol-
leiden kuusenjuurten mdaard erityisen suureksi juuri 300 vuotta vanhemmissa met-
sikdissd.

Juurten kokonaisméirin syvyysjakaantuminen puulajeittain esitetiidn taulukossa
36 (s. 137), josta ilmenee, ettd vanhojen kuusikoiden juuristot ovat keskimdirin pin-
nallisempia kuin nuorten ja keski-ikdisten koivikoiden, joten jonkinlaista maan vajaa-
kdyttod on odotettavissa metsikdiden mychemmissi kehitysvaiheissa.

Eri ldpimittaluokkia olevien juurten jakaantuminen ilmenee taulukosta 37 ja
kuvasta 39 (ss. 139—140). Taulukkoa tarkasteltaessa havaitaan, etti humuksessa on
eniten hentoja juuria, kun valkomaakerroksessa sen sijaan on verrattain vihin varsi-
naisia ravinnonottojuuria. Verrattaessa keskenddn kuusen ja koivun juuristojen raken-
netta juurten ldpimitan perusteella voidaan todeta, ettd kuusen juuristo on huomatta-
vasti karkeampi. Hentojen juurten osuus koko juuristossa vaihtelee niet koivulla
80—90 %:n valilld ja kuusella 70—80 %:n vililld, paitsi valkomaakerroksessa, jossa
se on vield pienempi.

Puiden ravinnonottoelimistd ovat juurten kirjet kuitenkin kaikkein tirkeimpii.
Ne ovat juurten aktiivisimpia osia, ja niiden vitaliteetti sekd runsaus kuvastaa puun
ja metsikon kasvuoloja. Tdssd tutkimuksessa ei valitettavasti ole laskettu juurten
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kdrkien lukumédérdd hentojen juurten pituusyksikkod kohden, vaan tyydytty vii-
meksi mainittujen juurten kokonaispituuden esittdmiseen. Ei myoskdin ole tutkittu
tarkeitd sienijuuria siind méadrin, ettd luotettavia tuloksia olisi esitettivini.

Hentojen juurten sadannes eri maakerroksissa ilmenee taulukosta 37 (s. 139). Kun
kuitenkin absoluuttisilla lukumadrill4 saattaa olla merkityksensd, esitetédin taulukossa
38 (s. 142) primédriaineistona kunkin ndytealan hentojen juurten méiri neliometrii
kohden sekd niiden madra humuksen paksuusyksikkod kohden.

Varpujen juurista

Kuusen juurten kokonaismaardn todettiin enenevidn humuskerroksessa metsikon
vanhetessa ja koivun vdistyessa kuusen tieltd. Koska kasvipeitteeseen kohdistuneen
tarkastelun yhteydessd todettiin varpujen osuuden kasvaneen melko suureksi vanhoissa
metsissd, katsottiin aiheelliseksi selvittiad, missd midrin varpujen juurten osuus oli
lisddntynyt varpujen runsauden lisdantyessd. Tutkimusmenetelma teki myds mah-
dolliseksi ilman lisdvaivaa karhunsammalen ritsoidien ja ahdelauhan juurakoiden ja
juurten talteen ottamisen. Varpujen ym. kasvien juurten runsaus médritettiin yksin-
omaan punnitsemalla. Kunkin ndytealan juurimdirit ilmenevit maakerroksittain tau-
lukosta 39 (s. 145), jossa myds syvyysjakaantuminen on esitetty prosentteina. Koska
eri metsikdiden humuksen paksuus vaihteli sangen paljon, on humuksessa esiintyvi
juurimadra lisaksi esitetty humuksen paksuusyksikkod kohden.

Taulukosta ilmenee ennen muuta varpujen juurten valtava dominanssi, joka on
erityisen tuntuva vanhojen metsikdiden humuskerroksessa. Varpujen juurten pinnalli-
suus on todella huomattava. Taméa johtuu suurimmaksi osaksi siitd, ettd humuksessa
esiintyy paksujen juurten ohella myds runsaasti maanalaisia varsia, jotka ovat hyvin
verrattavissa juuriin. ~

Erittdin mielenkiintoisen kuvan varpujen juurten runsaudesta antaa taulukko 40
(s. 146), jossa esitetddn varpujen ja heinien juurten sekid karhunsammalten sekovarsien
tyviosien ja juurtumahapsien painon sadannes kunkin maakerroksen kaikkien 5 mm:i
ohuempien juurten yhteispainosta.

Varpujen juurten runsaus humuksessa nidyttdd olevan etenkin vanhoissa metsi-
koissd huomattava. Kun tunnetaan ko. juurten suuri merkitys mm. kilpailussa vedesti
jaravinteista, on ymmarrettdvii, ettd kuusen juurten suhteellinen osuus humuskerrok-
sessa laskee vanhoissa metsikdissd melkoisesti. Toiselta puolen tiedetdin kuusen juur-
ten olevan médrillisesti maksimissaan metsik6iden klimaksvaiheessa. Tastd seuraa,
ettdi HMT-kasvustojen juuristoissa suksessiovaiheiden aikana tapahtuvista huomatta-
vista kvalitatiivisista muutoksista huolimatta nousee nimenomaan humuksessa olevien
juurten painoyksikkoind lausuttu kokonaismidrd vasta klimaksvaiheessa varsinaiseen
maksimiinsa.

Juurten dynamiikasta

Kalela (1949) on osoittanut puiden ja metsdn pintakasvillisuuden juurimaa-
rien olevan suunnilleen toistensa kadnteisfunktioita. Tulos tuntuu luonnolliselta jo
yksistddn puuston tietyissd kehitysvaiheissa pintakasvillisuudelle aiheuttaman epa-
edullisen elinympariston vuoksi. Kalelan Eteld-Suomessa toteamien seikkojen
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voidaan otaksua patevan myds Pohjois-Suomen HMT-metsissd. Tarkastelu osoittaa
kuitenkin, ettd kangasturpeen eli raakahumuksen huomattava paksuuskasvu ndhtédvasti
joko mahdollistaa tai aiheuttaa ennen muuta varpujen osalta jatkuvaa juuriméirdn
lisddntymistd aina klimaksvaiheeseen saakka. Koska huomattava osa juurista vuo-
sittain kuolee, etenkin vanhoissa metsissd, eivdt ndmd ilmiot voi Pohjois-Suomen
oloissa johtaa muuhun kuin yha voimistuvaan raakahumuksen kerrostumiseen.

Kangasturpeen paksuuskasvusta

HMT-metsien raakahumus muodostuu etupdédssa kuolleiden kasvien tai kasvinosien
(ja eldinten) hajaantuessa fysikaalis-kemiallisesti kestdvdmpédn muotoon. Varsinaisina
humusta muodostavina aineksina mainitaan kirjallisuudessa enemmaén tai vdhemmain
pysyvit hajaantumisprosessin tulokset, orgaanista ainetta hajoittaneiden, aikanansa
kuolleiden mikro-organismien jddnteet sekd hajaantumistapahtumassa muodostuneet
uudet sekd biologisesti ettd kemiallisesti syntetisoituneet aineyhdistelmét. Téssd tut-
kimuksessa on kiinnitetty huomiota etupddssa metsdhumuksen muodostumisen edel-
lytyksend oleviin kasvien jddnteisiin.

On selvdd, ettd kasvusto mddrdd sedimentddrisesti ja suurimmaksi osaksi myds
sedentddrisesti muodostuvan humuksen laadun. Edelld on todettu mm. HMT:n kasvi-
peitteen ja puuston kehityksen selvittelyn yhteydessd, ettd primddrimetsien kasvipeite
ja puusto muuttuvat varsin oleellisesti metsikdiden vanhetessa. Tdmén johdosta on
oikeutettua olettaa, ettd humuksessakin tapahtuu seurausilmiditd, jotka muuttavat
sen luonnetta.

Erilaisten jadnteiden laadusta todettakoon lyhyesti, ettd paikalla esiintyva kasvusto
on tdssi suhteessa ratkaiseva tekijd. Niin kauan kuin karikkeet ja maanalaiset jddnteet
ovat helposti hajaantuvia ja olosuhteet hajaantumiselle edulliset, pysyy humuksen
laatu suhteellisen hyvand. Kun karikkeiden laatu huononee, tapahtuu myds muutos
hajaantumisprosessissa epdedullisempaan suuntaan, mitd seikkaa samanaikaisesti epé-
edullisemmiksi muuttuneet ekologiset olosuhteet vield tehostavat. Edelld esitetystd
puulaji- ja kasvustodynamiikasta ilmenee, ettd humus tulee metsikdiden vanhetessa
laadultaan yhd raaemmaksi. Kasvipeitteen kehitystd koskevan selvittelyn yhteydessa
todettiin mm. sammalkerroksen valtalajien peittdvyyden ja pituuden kasvavan met-
sikdn vanhetessa.

Sammalkerroksen paksuuskasvu aiheutuu pédaasiallisesti kuusivaltaistumisesta joh-
tuvien ekologisten tekijdin muuttumisesta sammalille suotuisammaksi kuin muille
kasveille.

Samanaikaisesti kuin sammalten peittdvyys kasvaa, vdhenee ruohojen ja heinien
osuus HMT:n kasvillisuudesta. Talld seikalla on yksinomaan vain negatiivinen vaiku-
tus humuksen hajaantumiseen. Vield ratkaisevammin vaikuttanee kuitenkin koivun
lehtikarikkeiden nopea vidheneminen primadrimetsikoissd, etenkin 120—150 vuoden
tienoilla. Tdmin jilkeen valtaavatkin sammalet alaa sangen tuntuvasti.

Edelld on kosketeltu erditd seikkoja, jotka huonontavat humuksen laatua metsi-
koiden vanhetessa. Toisessa yhteydessa todetaan, ettd tdmin kehityksen seurauksena
on hajaantumisnopeuden selvd hidastuminen. Tdma vuorostaan merkitsee, ettd raaka-
humuksen paksuus yha kasvaa metsikon vanhetessa (vrt. kuva 41, s. 154). Raakahumus
ehtiikin primaarisuksession aikana kehittyd keskimddrin 8—9 cm paksuksi kuntaksi
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klimaksvaiheeseen mennessd. Kun metsikot tassd vaiheessa alkavat harveta ja va-
laistusolosuhteet muuttuvat etenkin sammalten kasvulle haitallisemmiksi ja saman
tien humuksen hajaantumiselle edullisemmiksi, ohenee kuntta melkoisesti priméaari-
metsikon raunioituessa sekunddérivaiheeseen. Se ei kuitenkaan ehdi tekeytyi niin
ohueksi, ettd kasvillisuudella olisi samat ekologiset edellytykset raunioitumisvaihetta
seuraavassa sekundddrimetsikossd kuin valittomasti metsdpalon jilkeen syntyneessi
primddrimetsikossd. Lisdksi on otettava huomioon, ettd sekundddrimetsikossd on
sammalkerroksen peittdmad humus alusta ldhtien vaikeasti hajaantuvien neulaskarik-
keiden, sammalten ja varpujen jaanteistd koostunut, kun sen sijaan primédrimetsikoi-
den humus alkuaikoina muodostuu etupddssa helposti hajaantuvista lehti- ja ruoho-
aineksista. Sekundéddrimetsissd on siten alusta ldhtien raaka ja paksu kuntta, joka
metsdn saavuttaessa klimaksvaiheensa on keskimddrin jopa yli 10 cm paksu. Post-
klimaksvaiheen aikana tapahtuu jdlleen lievdd kokoon painumista; tertidédrisuksessio
alkanee tdstd huolimatta vield epdedullisemmin edellytyksin kuin sekundairisuksessio.

Tulosten yhdistiminen

Edelld esitetty HMT-metsien dynamiikkaa koskeva osatutkimus perustuu aineis-
toon, joka tarkasteltavana olevalla metsdtyypilld esiintyvdn puuston syntytavan
mukaan on jaettu kahteen pddosaan, primédri- ja sekunddarimetsikdiden ndytealoihin.
Edelliset edustavat vélittomasti metsdpalon jdlkeen ja jalkimmdiset luontaisesti,
vanhan primédrisen kuusimetsdn jdlkeen syntyneitd puukasvustoja. Kasvupaikkojen
vertailukelpoisuutta on kestdvien perusteiden hankkimiseksi tutkittu sangen moni-
puolisesti. Etupdédssd.rinnakkaisndytealojen avulla onkin tdssd suhteessa onnistuttu
tyydyttavasti. Puustojen sisdistd homogeenisuutta on myds selvitetty erilaisten runko-
lukusarjojen avulla. Erdistd asiallisesti merkityksettomistd poikkeuksista huolimatta
voitaneen aineisto katsoa homogeeniseksi ja tutkimuksen tarkoitukseen soveliaaksi.

HMT-metsien kehitystd valaisevien osatutkimusten yksityiskohtainen tarkastelu
tuo ilmi seuraavat seikat.

Pohjois-Suomen tuoreille kangasmaille metsdpalon jdlkeen syntyneen metsin
dynamiikkaa voitaneen pddpiirteissddn pitda samanlaisena kuin esim. Eteld-Suomen
tuoreiden kankaiden metsien. Voimakkaan ekspansiovaiheen jdlkeen alkaa koivun ja
muiden lehtipuiden osuus primddrimetsikdissd noin 100 vuoden kuluttua metsédn synty-
mastd nopeasti viahetd. Noin 120—130-vuotiaana alkuaan koivuvaltainen sekametsd
muuttuu kuusivaltaiseksi. Primadrimetsikot saavuttavat lyhytaikaisen kli-
makstilan ehdittyddn noin 220—260 vuotta vanhoiksi. Tdmén jdlkeen seuraa
puuston véhitellen kiihtyvdi rappeutuminen, joka yleensd pdittyy tédydelli-
seen raunioitumiseen. Osittain vield nykydankin vallalla olevaa klimaks-
teorian perusajatusta pysyvisti staattisista puustoista on néin ollen ainakin primaéris-
ten kuusikoiden osalta pidettivd Pohjois-Suomen oloihin soveltumattomana yleis-
tyksena.

Raunioitumisvaiheessa syntyy vanhan puuston poistuessa tilaa uudelle puusuku-
polvelle. Tdten syntynyt sekundidrimetsikko on yleensd alusta ldhtien puustoltaan
kuusivaltainen, ja se eroaa siis jo tdssd vaiheessa primaédrimetsikdistd. Eri puusuku-
polvea olevien puustojen eroavuuksista on huomiota herdttdvin kuutiomadd-
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rin suuremmuus primddrimetsikoiden kaikissa kehitys-
vaiheissa klimaksvaiheeseen saakka. Saavutettu tulos tukee
tissd kohden Bloombergin (1950 )ja Traunmillerin (1952) ndkemysta
tulen vaikutuksesta ja eri kuusisukupolvien puustojen kvantitatiivisista eroavuuksista.

Sen johdosta, ettd tdmin tutkimuksen eri puusukupolvet esiintyvit perusominai-
suuksiltaan ja tyyppivaiheessa kasvipeitteeltddan samanarvoisilla kasvupaikoilla, esitetty
tutkimustulos merkitsee, ettdi Cajanderin metsatyyppiteorian peruslauseisiin
olisi lisattdvd metsin syntytapaa koskeva tdsmentdvd mdidrite.

Toisena merkittdviana puusukupolvien vilisend eroavuutena esitetddn kuusijakson
valtapituuden suuremmuus primddrimetsikoissa. Tama tulos osoittaa, ettd yksinomaan
puiden pituuteen perustuvassa metsimaiden bonitoimismenetelmdssd on myds tietty
heikkoutensa.

Tarkednd tuloksena mainittakoon vield tamédn tutkimuksen sekundddri-
metsikodiden ja Ilvessalon (1937) HMT-kuusikoiden vililld todettu taksa-
torinen yhtéldisyys. Tdmd samankaltaisuus merkitsee ennen muuta, ettd Cajan-
derin miidrittimd HMT on edelleen realiteetti. HMT-kuusikot ovat kuitenkin sekun-
dadrimetsid ja vastaavat tuottosuhteiltaan niin ollen vain ndiden kasvupaikkojen
aktuaalista boniteettia. Kulottamalla priméaériseen tilaan saatettu HMT on viljavuudel-
taan, ainakin puuston perusteella arvosteltuna, rinnastettavissa Pohjois-Suomen
parhaimpiin metsityyppiin. Kulotuksen vaikutus ei mydskadn ndyta rajoittuvan muu-
tamaan vuosikymmeneen, kuten erdit skandinaviset tutkijat (mm. Tirén 1937 ja
Heiberg 1938) esittdvit, vaan kestdd kdytdnnollisesti katsoen, tosin vdlillisesti,
primédrisuksession klimaksvaiheeseen saakka. Viimeksi mainittu kehitysvaihe vastaa
todellisuudessa sitdi Cajanderin metsidtyyppiteorian edellyttimdd kasvisosiolo-
gista kehitysvaihetta, jonka perusteella potentiaalinen boniteetti on madritettdava.

Primadri- ja sekundiddrimetsikoiden pintakasvillisuuden todetaan olevan suksessioi-
den tyyppivaiheessa kasvisosiologisesti samanlaista. Tyyppivaiheeseen johtavassa kehi-
tyksessd on kuitenkin havaittavissa huomattavia eroja. Metsdtyypin mddrittaminen,
kahden rinnakkaisen, mutta eri kehitysvaiheessa olevan primdarimetsikon kasvuston
fysiognomisten piirteiden perusteella, edellyttdd kykya ennustaa kasvustojen kehi-
tystd ensimmdiisen puusukupolven klimaksvaiheeseen saakka. Sekundddrimetsin oikea
bonitointi edellyttdd sen sijaan kykyd tulkita kasvipeitteen aktuaalista tilaa taan-
nehtivasti.

Primddri- ja sekundddrimetsikoiden yhtdjaksoista kehityskaarta tarkasteltaessa
havaitaan kasvipeitteen dynaamiikassa erds tédrked piirre. Kun primddrimetsikon
pintakasvillisuus on sivuuttanut ns. selektiovaiheen, ndyttda kasvipeite sdilyttavan
staattisen tilansa verrattain hyvin. Raunioitumisvaiheessa kasvipeite tosin saa
ohimenevisti uusia piirteitd, mutta muuttuu pian suunnilleen tyyppivaihetta muis-
tuttavaan tilaan sekundiirimetsikon kehittyessa klimakstilaan. Viimeksi mainitun puu-
sukupolven raunioitumisen alkaessa muuttuvat ekologiset tekijét jélleen siind médrin,
ettd erditd soistumiseen viittaavia lajeja alkaa esiintyd kasvustossa.

HMT-metsien uudistuminen on monissa aikaisemmissa tutkimuksissa todettu puut-
teelliseksi. Samaan tulokseen pdadytéddn osittain tadssdkin selvittelyssd. Uudistustapah-
tuma seuraa suurin piirtein niitd suuntaviivoja, joita Heikinheimo, Eneroth,
Arnborg ym. ovat esittdneet. Tdssd tutkimuksessa todetaan tosin uudistumises-
teeksi mainitun eldvdn sammalpatjan paksunevan metsdn vanhetessa varsin vdhan.
Kangasturpeen paksuuskasvu todetaan sen sijaan sangen suureksi etenkin sekundaéri-
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metsissd. Kuntta on néissa toista vertaa paksumpaa ja lisiksi rakenteeltaan karkeam-
paa ja maatumisasteeltaan raaempaa kuin vastaavissa primaarimetsissi. Huomattavan
suureksi todetaan varpujen juurten osuus etenkin vanhojen HMT-metsien kuntassa.
Mikdli humuskerroksessa esiintyvien juurten ja juurakoiden miiran perusteella olisi
madriteltdvd koko kasvuston vallitsevin kerroskasvusto, tulos olisi téllaisissa tapauk-
sissa yksiselitteinen; varvut muodostaisivat vallitsevan osan kasvustosta. Primiiri-
metsikdiden ensimmaéisen vuosisadan aikana puiden juuret muodostavat sen sijaan
valtaosan humuksessa olevista juurista.

HMT-metsien dynamiikkaa koskevan osatutkimuksen pAituloksena lienee primaari-
ja sekundddrimetsikdiden puuston kuutiomddrdn eroavuuden toteaminen, vaikka
mm. mineraalimaan kemiallinen koostumus ja muut kasvupaikkatekijit oikeuttavat —
ndytealametsikdiden rinnakkaisuuden ohella — pitdmidin niiden potentiaalista boni-
teettia samanarvoisena. Saavutettu tulos ei ole milldin tavalla ainutlaatuinen. Sak-
sassa tunnetaan kuusimetsien kasvun vdheneminen varsin yleisend ilmiona (vrt. mm.
Wiedemann 1925 Wittich 1952). Kanadassa ovat Raup (1946) ja
Bloomberg (1950) havainneet sekunddarimetsien tuottosuhteet yleensid heikom-
miksi kuin vélittomaésti palon jdalkeen syntyneiden metsien. Ruotsissa esitti aikoinaan
Lundstrom (1897 ja 1902) ehkd enemman intuition kuin tutkimusten varassa
varteen otettavia ajatuksia metsien degeneroitumisesta. Ellei Wiedemannin ja
Wittichin tutkimuksia oteta huomioon ei kasvun vahenemisen syita kuiten-
kaan ole selvitelty. Saksan yldngdilli on Wiedemannin mukaan 1dhinnd kui-
vuus aikaan saanut kuusimetsien kasvun hidastumisen. Wittich puolestaan arve-
lee ilmion johtuvan etupddssd humuksen hitaasta hajaantumisesta; erdat tiarkeat
ravinteet jddvat liian pitkéksi ajaksi humukseen sidottuina puille hyddyttomaan tilaan.

Pohjois-Suomen kuusimetsien tuoton vahenemistd ndma muualla suoritetut tutki-
mukset ehkd jossakin®mddrin valaisevat. Ottaen huomioon pohjoiset olosuhteet lienee
kuitenkin ymmarrettdvaa, ettei sekunddarimetsien pienen tuoton selitystd voida jattaa
muualla tehtyjen havaintojen varaan. On tunnettua, etta kasvualustan laatu vaikut-
taa suuresti kasvien kehitykseen. Milloin kaksi erilaista kasvustoa esiintyy saman-
arvoisilla mailla, tdytyy kasvien itsensd muovaamalla ympdristolld olla huomattava
merkitys niiden viihtymiselle.

Koska sekundddrimetsiat ovat metsanhoitoteknillisin keinoin muutettavissa jélleen
hyvituottoisiksi primdarimetsiksi (vrt. Heikinheimo 1939 ja Sirén 1952),
on tdarkedtd tuntea edes joitakin edelld esitettyyn tuoton vadhenemiseen vaikuttavia
syitd. Tamin vuoksi on katsottu valttamattomaksi tutkia, milld tavoin erdat yleensd
tarkeiksi havaitut ekologiset tekijidt muuttuvat HMT:n kahden perédkkédisen suksession
aikana.
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II. Metsikoiden ekologiasta

Johdanto

Paksusammalkankaiden kuusimetsien kehitystd koskevassa osatutkimuksessa todet-
tiin, ettd metsipalon jalkeinen puusukupolvi on niin rakenteeltaan kuin kehitykseltaan-
kin toisenlainen kuin vanhan kuusimetsin jilkeen luontaisesti uudistunut sekundaari-
nen puusukupolvi, siitdkin huolimatta, ettd kasvupaikat ovat perusominaisuuksiltaan
samanarvoiset. Kyseessa olevat metsikasviyhdyskunnat ovat tyyppivaiheessaan siina
mairin samanlaiset, etti ne Cajanderin teorian mukaan olisi vietdva samaan
metsatyyppiin. Samaan aikaan ne kuitenkin edustavat tassa suoritetun tutkimuksen
mukaan kahta eri boniteettia. Herdd ndin ollen kysymys, mitka ovat tyyppiteorian
mukaan médritetyn metsdtyypin ja tdssi kuvattujen kasvupaikkojen boniteetin vili-
sen ristiriidan syyt.

Kuten tunnettua, muovaavat kasvit omaa elinymparistoaan. Koska edella mainit-
tujen puusukupolvien kehitys todettiin sangen suuressa maérin toisistaan poikkeavaksi,
on luonnollista olettaa, ettd myds puiden elinymparistot muovautuvat erilaisiksi eri
suksessiovaiheissa. Tamin johdosta katsottiin aiheelliseksi tutkia, minkélaisia muu-
toksia kasviyhdyskuntain kehitys aikaansaa metsikkdilmastossa ja metsamaassa.

Primairi- ja sekundairisuksessioiden ekologisten eroavuuksien mahdollisimman
monipuolinen selvitys olisi tietenkin edellyttanyt eri kehitysvaiheita edustavien saman-
ikaisten ja muissakin suhteissa vertailukelpoisten rinnakkaismetsikoiden ekologisten
olojen tutkimista. Tallaisia rinnakkaismetsikoita ei kuitenkaan 16ytynyt. Sen sijaan
loytyi Siulionpalon eramaasta laaja HMT-kuusikko, jonka keskiosa oli palanut
vuosisadan vaihteessa. Paloalueelle noussut tihed koivikko oli etenkin reunaosiltansa
hyvikasvuisen kuusen sekaista. Lahempi tutkimus osoitti, etta primaarimetsikon noin
5-—12 m pitkit kuuset olivat enintdén 51 vuoden ikéisid, kun sen sijaan palolta saasty-
neessi vanhassa kuusikossa esiintyi noin 1—4m:n pituista kuusen taimistoa, jonka ika
vaihteli 60— 130 vuoden valilla.

Nima metsikot tarjosivat paremman puutteessa eraita mahdollisuuksia selvittaa
taimistojen erilaisen viihtymisen syitd. Tutkittavat niytealat sijoitettiin aivan lahek-
kiin palorajan kummallekin puolelle ja, eroavuuksien korostamiseksi, mahdollisimman
puhtaisiin metsikkéihin. Hakkaamalla paljaaksi pieni, raunioitumisen partaalla oleva
osa kuusikosta aikaansaatiin sekundadrimetsin uudistumisvaihetta vastaava nayteala,
ja vertailun vuoksi avattiin samantapainen aukea my&s koivikkoon. Naytealojen kes-
kindinen sijainti ilmenee kuvasta 42 (s. 165).

Tutkimusmenetelmait

HMT-metsikoiden kehitykseen vaikuttavien ekologisten syiden selvittamista varten
perustetulla ekologisella kenttiasemalla suoritettiin kahtena kasvukautena paivittdin
suuri joukko mittauksia.

Osatutkimuksista mainittakoon seuraavat:

Sademiaidri kussakin metsikossd mitattiin 16 kesasademittarilla. Puiden runkoja

pitkin valuneen veden mittaustapa ilmenee kuvasta 43 (s. 168).
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Ilman ldmpotilaa ja kosteutta mitattiin termohygrografeilla 2 m:n
korkeudelta ja psykrometreilla ja tarkkuuslimpémittareilla eri korkeuksilta (vrt.
kuva 44, s. 168).

Tuulen nopeutta mitattiin mm. anemometrilla (kuva 44).

Valaistus- ja sdteilyoloja tutkittiin lux-mittarilla ja aktinografilla.

Evaporatiota, eli haihduntaa vapaasta veden pinnasta seurattiin Wildin
haihdutusastioiden avulla.

Lumen sulamista tutkittiin pysyvien mittakeppien avulla.

Maan vesipitoisuuden muutoksia tutkittiin humuskerroksen osalta etu-
paissa mittaamalla humusndytteiden painon muutoksia. Mineraalimaan osalta
seurattiin maan vesipitoisuuden vaihteluja mittaamalla Wheatstonen kojeella
Bouyoucosin kipsikappaleiden sdahkovastusta. Kipsikappaleiden kalibrointi suori-
tettiin laboratoriossa, joskin erdité tarkistuksia myds suoritettiin maastossa punnit-
semalla maanaytteita (vit. Bouyoucos & Mick 1947).

Puiden haihduntaa tutkittiin mittaamalla katkaistujen puiden painon
vahennystd 100—200 sekunnin aikana véalittomasti kaadon jalkeen.

Maan lampotilaa tutkittiin tavallisten tarkkuuslampémittarien avulla. Kulle-
kin ndytealalle asennettiin mm. 6 kiinteata mittaria maahan. Mittarit olivat keske-
naan kalibroituja. Roudan sulamisesta tehtiin hajahavaintoja.

Maan happamuus madritettiin noin 10—16 vrk:n véliajoin Beckmannin
mittarilla.

Maan aktiviteettia tutkittiin maarittamalla humus- ja mineraalimaanayttei-
den CO,-erityksen intensiteetti erilaisissa oloissa (vrt. taul. 41, s. 174) laboratorioon
rakennetulla erikoiskojeella (ks. kuvat 45—46, s. 172).

Maan huokoisuutta pyrittiin tutkimaan sphygnomanometrilld, johon oli
lisitty maahan tydnnettava terashylsy.

Jonkinlaisen kuvan saamiseksi Siulionpalon ekologisella kenttaasemalla suorite-
tuista osatutkimuksista esitetddn kuvassa 47 (s. 175) osa kesdlld 1951 toteutetusta
ohjelmasta.

Metsikkoéilmaston ekologisista muutoksista
Valaistusolot

Sen johdosta, etta priméarisuksessiota edustava koivikko (ndyteala B) oli tiheampi
kuin sekundairisuksessiota edustava kuusikko (ndyteala A), kelpaavat ko. rinnak-
kaismetsikoiden kesan 1951 valaistusolot (vrt. kuva 48, s. 179) yleistettdvien paatel-
mien perustaksi vain osittain. Joidenkin lisdhavaintojen avulla on kuitenkin onnistuttu
selvittamain koivikoiden ja kuusikoiden idn mukaan tapahtuvaa valaistusolojen muut-
tumista (vrt. kuva 49, s. 179).

Soveltamalla em. tuloksia tarkasteltavana oleviin suksessioihin voidaan olettaa
valaistusolojen muodostuvan yleensa edullisemmiksi sekunddarimetsikdissd kuin ver-
tauskelpoisissa priméddrimetsikoissa. Tarkedna poikkeuksena on kuitenkin mainittava
kevit ja varhaiskesi, jolloin primaarimetsikdiden koivujakso vield on lehdeton tai
hiirenkorva-asteella ja piastad talloin runsaasti valoa ja muuta sédteilyd maan pinnalle.
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Ilman lidmpétila

Edella todettiin koivikon (ndyteala B) ja yleensa tarkasteltavana olevien primaari-
metsikoiden valaistusolojen olevan parempia kasvukauden alussa kuin kuusikon (nayte-
ala A) ja sekundaarimetsikoiden. Koska valaistuksen ja ilman lampdtilan valilla vallit-
see verrattain kiinted korrelaatio, oli jonkinlaisia eroavuuksia rinnakkaismetsikoiden
ilman lampdtilassa odotettavissa.

Termografeilla tutkitun metsikkéilman lampétilan mittaustulokset kesalta 1951
ilmenevat kuvista 50 ja 51 (ss. 182, 184). Niistd ndhdain, ettd paivan lampdétila on
varhaiskesan aikana ollut koivikossa korkeampi kuin kuusikossa. Lehtien puhkeamisen
jalkeen on lampétila myos yon aikaan ollut koivikossa edullisempi. Syyskesdn aikana
kuusikon lampotila on sen sijaan ollut korkeampi. Syksylla koivikko oli niin paivéalla
kuin yo6lla kuusikkoa selvasti viileampi.

Jakamalla kasvukausi fenologisten ilmididen ja makroklimaattisten muutosten
perusteella ns. ekologisiin kausiin saatiin rinnakkaismetsikdiden ilman lampdotilan edella
mainitut eroavuudet vield selvemmin esille (vrt. taul. 44, s. 187).

Kesd 1951 oli kuitenkin poikkeuksellisen pilvinen ja sateinen, minkd vuoksi met-
sikoiden valiset eroavuudet ovat jadneet pieniksi. Monessa suhteessa normaalimpi kesd
1950 antaakin huomattavasti selvemmaan kuvan rinnakkaismetsikdiden mainituista
lampdotilaeroista (vrt. taul. 45, s. 189).

Ilman lampdotilan mittauksia suoritettiin myds muilla korkeuksilla kuin edella esi-
tetylla 2 m:n korkeudella. Taulukoista 47 ja 48 (s. 192) ilmenee rinnakkaismetsikdiden
ilman keskimaarainen lampétila 0.2, 2.0 ja 10.0 m:n korkeudella vuorokauden eri aikoina
kesdn 1951 ekologisina kausina. Kuvat 53—55 (s. 194) valaisevat myds metsikoiden
ilman lampoétilan muutoksia vuorokauden aikana.

Yhteenvetona ilman lampotilan mittauksista voidaan sanoa, ettd puiden kannalta
tarkeinid ekologisina kausina, varhaiskesdlla ja keskikesan alkupuolella, koivikon
lampdatila on niin maan pinnan ldhella kuin latvuston alla ja latvustossa selvésti kor-
keampi kuin kuusikossa. Pohjois-Suomessa, missd lampdtila on tarkeimpia kasvun
minimitekijoita, mainitulla 1ampétilan eroavuudella lienee suuri merkitys.

* *
*

Sovellettaessa naita tuloksia tarkasteltavana oleviin suksessioihin voidaan todeta,
ettd metsikoiden ilman lampotila todenndkéisesti alenee metsikdiden vanhetessa aina
klimaksvaiheeseen saakka. Erityisen selvasti tdma ilmenee primaarimetsikoissd, joissa
yhéa lisdantyva kuusivaltaisuus merkinnee ldmpétilaolojen jatkuvaa huonontumista.

Eri suksessioita keskenian verrattaessa on kuitenkin huomattava, ettei metsikdoi-
den ilman lampétila riipu yksinomaan valaistuksesta, vaan myds haihdunnasta, maahan
johtuneesta lampomaarasta ym. lamp6a kuluttavista tapahtumista. Néin ollen on ensin
selvitettava, missd maarin lamp6d kuluu em. tapahtumiin, ennen kuin lopullinen
diagnoosi primaari- ja sekundaarimetsikéiden ilman lampétilan eroavuuksista voidaan
esittdd. On kuitenkin ilmeistd, ettd primaarimetsikoissd ainakin koivun valtakauden
aikana vallitsee kasvukauden alkupuolella edullisempi lampoéilmasto kuin vastaavissa
sekundaarimetsikoissa.
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Tuulisuhteet

Lukuisilla mittauksilla todettiin rinnakkaismetsikoiden tuulisuhteet sangen saman-
tapaisiksi (vrt. kuvat 56 ja 57, ss. 198, 199). Eri suksessioita keskendin verrattaessa voi-
taneen olettaa, ettd nuorten primaarimetsikdiden koivun suojassa esiintyva kuusi kas-
vaa sekundadrimetsikdiden taimiin verrattuna jonkin verran tyyneemmissi oloissa.

Sadeolot

Sademadrad ja sen jakautumista eri fraktioihin tutkittiin Siulionpalon ekologisella
asemalla verrattain monipuolisesti.

Todettakoon ensin, ettd kokonaissademaara oli tutkimuskautena kesakuu 1950 —
syyskuu 1951 jonkin verran korkeampi kuin ldhimpien sidhavaintoasemien antama
keskiarvo (vrt. taul. 49, s.201). Siulionpalon korkeampi sijainti selittinee ainakin
osittain havaitun eron.

Lumen sulaminen

Sen johdosta, ettd kasvukauden pituus huomattavassa maarin riippuu lumen sula-
misesta, katsottiin aiheelliseksi seurata lumen haviamista rinnakkaismetsikoista. Kiin-
teiden mittakeppien antamien keskiarvojen perusteella saatiin luotettava kuva lumen
sulamistapahtumasta (vrt. kuva 58, s. 203). Lisdselvityksend mainittakoon, ettd ensim-
maiset palvet ilmaantuivat kuusikkoon, latvusten alle ja niiden etelapuolelle. Toiselta
puolen suli lumi hitaimmin kuusenlatvusten pohjoispuolelta, missa vieid juhannuksen
aikaan oli vahva routa humuksen ja mineraalimaan rajassa.

Kasvukauden sateet

Sen johdosta, etta Siulionpalon rinnakkaismetsikot olivat tiheydeltaan jonkin verran
toisistaan poikkeavat, katsottiin aiheelliseksi kdyttaa luotettavien tulosten saamiseksi
kussakin metsikossa verrattain suurta sademittarimaarad (16 kpl.) Lisdksi maaritet-
tiin koivujen runkoja pitkin valuneen sadeveden maara valuvesikouruja kayttden.
Mielenkiintoisena seikkana mainittakoon, etta koivun latvuston kuivuus tai kosteus
vaikutti yllattavan paljon maahan tulleen sateen kokonaismddrddn (vrt. taul. 51, s. 207
ja kuvat 60—61, s. 208).

Kasvukauden eri kuukausien sademaaran jakautuminen eri fraktioihin ilmenee
taulukosta 52 (s. 210), jonka mukaan kyseinen kuusikko on harvuudestaan huolimatta
pidattanyt enemman sadetta latvustoonsa kuin koivikko.

Edelld esitettyjen tulosten soveltaminen tarkasteltavina oleviin suksessioihin on
varsin vaikeata ldhinnad sen vuoksi, ettd taman tutkimuksen primaarimetsikoissa on
huomattavan runsas kuusen sekoitus koivuvaltaisissakin metsikdissa, mutta toiselta
puolen on sekundaarimetsikoiden tiheys etenkin alkuvaiheissa verrattain pieni. Nain
ollen on mahdollista, etti maahan tuleva sademaira yleensa on kaikissa sekundéari-
suksession kehitysvaiheissa suurempi kuin vastaavissa primaarisuksession vaiheissa.
Etenkin keski-ian sivuuttaneiden metsikoiden osalta tima lienee selvio.
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Ilman kosteus ja haihduntaedellytykset

Metsikoiden vesitalouteen sisdltyvat tulopuolella sateet ja menopuolella vajovesi!
seka haihduntaan kulunut vesi. Koska veden kiertokulkua yllapitivi haihdunta
on suuresti riippuvainen ilman kyvysté absorboida vesimolekyyleja, katsottiin valtti-
mattomaéksi tutkia rinnakkaisndytealojen ilman suhteellisen kosteuden vaihteluja,
ilman vesihdyryn paineen kyllastysvajausta seka haihduntaa vapaasta vedenpinnasta
eli evaporatiota.

Mainittakoon, etté sellaiset ns. vaihdon kannalta tarkeat tekijat kuin ilman lampo-
tila ja tuulen nopeus eri korkeuksilla ovat jo tulleet edella kasitellyiksi.

Kéytetyn menetelman johdosta on ensin syyta tarkastella ilman suhteellisen kos-
teuden (r), vesihOyryn paineen kyllastysvajauksen (v) ja evaporation (ev) vuorokau-
tista vaihtelua. Kaikkiaan 20 vuorokauden mittaustulosten julkaisemiseen ja tarkas-
teluun ei ole mahdollisuuksia tassa yhteydessd, mutta jonkinlaisen kuvan tutkimuksen
laadusta ja tuloksista antavat taulukko 53 a, b (ss. 216, 217) ja kuvat 63 ja 65 (ss. 214,
220), jotka edustavat kahta tyypillistd vuorokautta. Mainittuihin kuviin on myds lii-
tetty maapeitteen haihduntaa kuvaavat kayrat.

Tuloksista ilmenee, ettd haihduntaedellytykset ovat paivalld olleet koivikossa
paremmat kuin kuusikossa. Maapeitteen haihdunta on silti ollut suurempi kuusikossa.
Tama johtunee etupdédssd sammal- ja humuskerroksen suuremmasta vedenvarastoimis-
kyvysta.

Eri ekologisina kausina rinnakkaismetsikdissd vallinneiden haihduntaedellytysten
tarkastelu voidaan suorittaa taulukoiden 54 ja 55 (ss. 221, 222) avulla. Aurinkoisina
kausina on metsikkdilma ollut koivikossa suhteellisesti kuivempaa kuin kuusikossa,
jossa taas sateisina kausina on ollut vahemman kostea ilma kuin koivikossa. Vesi-
hoyryn paineen kyllastysvajaus on niin ikaan ollut suurempi koivikossa kasvukauden
alkuviikkoina. Erityisen selvasti tulevat koivikon tarjoamat paremmat haihdunta-
edellytykset esille evaporatiota tarkasteltaessa (taul. 56, s. 224). Kuusikon paikalli-
sesti voimakkaamman varjoisuuden vaikutus evaporatiota vahentavana tekijana on
myds ilmeinen.

Haihduntaedellytyksia koskevan osatutkimuksen tulosten soveltaminen tarkas-
teltavana oleviin suksessioihin on lahinnd tutkimuskesana 1951 vallinneiden saasuh-
teiden vuoksi suoritettava varsin varovasti. Saavutettujen tulosten perusteella voidaan
enintddn todeta, ettd haihduntaedellytykset ovat verrattain hyvat koivuvaltaisissa
primaarimetsikoissd kasvukauden alkuviikkoina.

Maan ekologisista muutoksista
Maan vesitalous

Rinnakkaismetsikdiden maan vesitaloutta koskevan osaselvittelyn rungoksi valit-
tiin Stalfeltin (1944) esittama kaavakuva veden kiertokulusta. Osa maahan
tulevasta vedestd pidattyy hdnen mukaansa maapeitteeseen ja osa tunkeutuu juuri-
kerrokseen, josta se joko haihtuu juurten valitykselld tai painuu vajovetena syvempiin
maakerroksiin.

! pintaveden merkitys on HMT-metsissa yleensd verrattain vahainen.
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Téassa tutkimuksessa on kuitenkin maapeitteeseen luettu pintakasvillisuuden lisdksi
my0s humuskerros. Tamd ratkaisu johtui siita, ettd eldvén pintakasvillisuuden ja hu-
muksen toisistaan erottaminen todettiin mahdottomaksi ilman vakavia vesitaloudellisia
héirioita, koska pintakasvillisuuden juuret olivat levittdytyneet etupaissd humusker-
rokseen (vrt. s. 133).

Maapeitteen haihdunta madritettiin humuskakkuja punnitsemalla. Kiytetyn mene-
telmdn johdosta oli puuston haihdunta tutkittava erikseen.

Maapeitteen vesipitoisuuden vaihtelut maaraytyvit sateiden ja haihdunnan mukaan.
Kun sade- ja haihduntamidrdt mitataan sekd maapeitteen vedenvarastoimiskyky ja
kenttdkapasiteetti tunnetaan, voidaan maan vesitaloudellisia muutoksia seurata verrat-
tain hyvin. Kuva tdydentyy melkoisesti, jos vield mé&iritetddn puuston haihdunta-
maddrdt ja seurataan mineraalimaan pintakerrosten vesipitoisuuden muutoksia. Kaik-
kiin edelld mainittuihin seikkoihin kiinnitetdan huomiota Siulionpalon niytealoilla.

Maapeitteen vesipitoisuuden muutosten seuraaminen alkoi valittomasti viimeisen
lumen sulettua néytealoilta. Kasityksen kaytetystd menetelmasta ja sen tuloksista
antaa kuva 66 (s. 232). Sivuhuomautuksena mainittakoon, etta sateiden lisdksi saat-
toi kaste toisinaan lisitd humuskakkujen vesipitoisuutta. Menetelma ei tietenkdan
ole aivan tarkka, mutta tarkasteltaessa eri virhemahdollisuuksia ne todetaan kui-
tenkin verrattain merkityksettomiksi.

Aikaisemmin on esitetty rinnakkaisnaytealojen sadefraktioiden kvantitatiivinen
jakautuminen eri ekologisina kausina. Maapeitteen vesitaloudellisten muutosten avulla
on mahdollista laatia kunkin ndytealan vesitaloustase (taul. 57 a ja b, ss. 236, 237).
Taulukoista ilmenee ennen muuta, ettd maapeitteen vesipitoisuus on etenkin koivi-
kossa vaihdellut verrattain selvisti riippuen ldhinnd sddsuhteista. Samoin kdy ilmi,
ettd kuusikon maapeitteen haihdunta on ollut hiukan suurempi kuin koivikon. Kun
sademaara latvuston alla lisdksi on suurempi viimeksi mainitussa metsikdssd, muo-
dostuu maahan painuneen vajoveden maard koivikossa suuremmaksi kuin kuusikossa.

Aukeiden alojen vesitalous eri kausina ilmenee taulukosta 57 b. Tdmaian ohella
esitetaan selvemman yleiskuvan saamiseksi rinnakkaismetsikdiden maapeitteen pidat-
taman sateen ja haihdunnan suhde aukeiden alojen vastaaviin arvoihin taulukossa 58
(s. 238).

Rinnakkaismetsikoiden vesitaloudellisten olojen ja muutosten havainnollistamiseksi
esitetdan vield eraita diagrammoja, joista ilmenee kunkin paivan kokonaissademaara,
latvustoon jaanyt sademaara, valuvesimaara, latvuston alle tullut sademaird, maa-
peitteen pidattima vesimaara ja mineraalimaahan painuneen vajoveden maara sekd
taman lisdksi mineraalimaan vesipitoisuuden muutokset (kuvat 67—70, ss. 240 —243).

Kuvia tarkasteltaessa havaitaan ennen muuta, etta kesan 1951 sateisuus on pita-
nyt mineraalimaan jatkuvasti sangen kosteana, niin kuin Bouyoucosin kipsikappalei-
den sihkovastuksen avulla méaaritettyd mineraalimaan keskimaaraista vesipitoisuutta
kuvaavista kayrista ilmenee. Lievaa kuivumista on koko kasvukauden aikana tapah-
tunut vain metrin syvyydessa.

Syyskesalla 1950 vallinnut pitkd poutakausi on sen sijaan vaikuttanut koivikon
mineraalimaan vesipitoisuuteen voimakkaasti alentavasti. Myds kuusikossa on lievad
mineraalimaan vesipitoisuuden vdhenemistd havaittavissa. — Merkille pantavaa on,
ettd maassa ollut vesivarasto on ollut niin suuri, ettd veden vadhenemisestd johtuva
suurentunut vastus on alkanut ilmetd kojeen herkkyydesta huolimatta vasta kah-
den viikon kuluttua poutakauden alkamisesta. Taman kauden loppupuolella monet
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koivikon mineraalimaan pinnassa olevat kipsikappaleet osoittivat vesipitoisuuden
vahentyneen lakastumisrajan ohi (vastus yli 75 000 ohmin). Syksylla sattunut ensim-
mainen suursade lisdsi maan vesipitoisuutta melkoisesti, ei kuitenkaan kenttakapasi-
teettiin saakka.

Bouyoucosin kipsikappaleiden ilmaisemien ohmi-arvojen muuntamisesta vesipitoi-
suuden tilavuusprosenteiksi esitetddn erdita laboratoriossa suoritettuihin kalibroin-
teihin perustuvia kdyrid primaarihavaintoineen (kuva 71, s. 246). Maastossa kaytetyn
menetelmédn tarkistamiseksi suoritettiin erditd rinnakkaismaarityksia, joiden tulokset
ilmenevat taulukoista 59 ja 60 (ss. 247—248). Eri menetelmilld saadut veden tilavuus-
prosentin lukuarvot ovat siind maarin yhtapitavat, ettd tehtyjen maaritysten luotet-
tavuutta voidaan pitdd vdhintddn tyydyttdaviana.

Kuvissa 67—70 olevat, mineraalimaan vesipitoisuutta kuvaavat kdyrat osoittavat,
ettd mineraalimaa kuivuu koivikossa tehokkaammin kuin kuusikossa. Tama seikka
tulee selvasti esille myos taulukossa 60 (s. 248). Lisdksi ilmenee, ettd maan vesipitoi-
suus pysyy erityisen suurena valittomasti kuusikon paksun kuntan alla olevassa mine-
raalimaan pintakerroksessa.

Metsikoiden haihdunta

Rinnakkaismetsikdiden vesitalouden selvittely edellyttaa myos puiden vedenkay-
ton tuntemista. Koska puiden vedenkaytté on kdytannollisesti katsoen rinnastettavissa
niiden haihduntaan, rajoittuu selvitys vain jalkimmaisen kvantitatiiviseen maarityk-
seen erilaisten sdisuhteiden vallitessa.

Poiketen aikaisemmista menetelmista on tdssa osatutkimuksessa tutkittu puuston
haihduntaa maarittamalla katkaistujen kokonaisten puiden painonvahennys 100
200 sek:n aikana. Kaytetty menetelma eliminoi erditd aikaisempia menetelmia rasit-
taneita epavarmoja korrektioita.

Puiden haihdunnan maééritysten luku ja punnitusajankohtana vallinneet saasuh-
teet ilmenevat taulukosta 61 (s. 250). Mainittakoon, ettd suurten puiden punnitsemi-
nen maastossa edellytti verrattain tyyntd sdiatd. Myos kesan 1951 runsaat sateet hai-
ritsivat méaarityksid huomattavasti. Toiselta puolen oli puiden haihdunnan intensi-
teetin pysyvyytta silmdlla pitden tarkea veden saanti tasaista, maan vesipitoisuuden
pysyessa miltei jatkuvasti kenttakapasiteetin lahituntumassa.

Koivikon haihdunta

Edustavien koivujen haihdunnan paivittdinen kulku ilmenee kuvasta 72 (s. 252).
Kuvaa tarkasteltaessa havaitaan mm., ettd ilman lampdtilan merkitys nayttaa olevan
sangen vidhainen — ainakin tutkimusajankohtana vallinneissa lampdoloissa. Huo-
mattavasti kiinteampi suhde on sen sijaan todettavissa haihdunnan ja ilman suh-
teellisen kosteuden valilla, josta esimerkkeja kuvassa 73 (s. 253) ja taulukossa 63
(s. 255).

Erilaisissa sddoloissa kootun alkuperdisaineiston yhteen kertaan tasoitettujen haih-
dunnan keskiarvojen ja eri saajaksojen ilman keskimaaraisen kosteusprosentin perus-
teella oli koivikon haihdunnan kvantitatiivinen maaritys eri ekologisina kausina kesalla
1951 mahdollinen (taul. 64, s. 257). Varhaiskesdn ja syyskesdn haihdunta-arvoja on
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kuitenkin pidettdvd hiukan epdvarmoina, johtuen varhaiskesilld lehtien puhkeami-
sesta ja syksylld vastaavasti niiden kellastumisesta ja varisemisesta. Verrattuna mine-
raalimaahan tulevan vajoveden miairaan absoluuttiset haihduntamiirdt nayttavat
yllattdvan suurilta, mutta vertailu keski-eurooppalaisiin ja venildisiin haihdunnan
madrityksiin osoittaa kuitenkin tdssa tutkitun koivikon haihdunnan pienenlaiseksi.
Tamd lienee luonnollista, silld seudun pohjoisuudella taytynee olla oma merkityksensa.

Kuusikon haihdunta

Kuusikon haihdunnan kvantitatiivinen maaritys on tapahtunut samaan tapaan
kuin koivikon (vrt. taul. 65 ja kuva 74, ss. 259, 260). Kasvukauden kokonaishaihdunnan
médritys on niin ikdan suoritettu koivikossa kdytettyd menetelmii noudattaen, erona
kuitenkin se, ettei mitddn uusien versojen muodostumisesta aiheutuvaa korjausta ole
suoritettu. Tulokset ilmenevat taulukosta 66 (s.261), johon myds on sisillytetty
pdivan lampétilaa ja valaistuksen voimakkuutta osoittavat keskiarvot tarkasteltavina
olevina ekologisina kausina. Erityisesti kiinnittda jalleen huomiota ilman lampétilan
védhdinen merkitys puiden haihduntaan vaikuttavana tekijana. Valaistuksen ja haih-
dunnan valilld ndyttaa sen sijaan olevan verrattain kiinted positiivinen Kkorrelaatio
(vrt. kuva 75, s. 261). Liian voimakkaasta valaistuksesta johtuvasta haihdunnan de-
pressiosta (vrt. Polster 1950) keskipdivan aikaan ei kuusen haihdunnan maari-
tyksissd ollut havaittavissa oirettakaan. Koivun kohdalta ilmeni sen sijaan erdissa
maarityksissd heikkoja merkkeja mainitusta reaktiosta (vrt. kuva 72). Eri ekologisia
kausia keskenaan verrattaessa havaitaan, ettd kuusikon haihdunta on ollut voimak-
kaimmillaan varhaiskesédn ja keskikesan kauniiden sdiden aikana.

Verrattaessa saatuja keskimdaraisia haihdunta-arvoja Keski-Euroopassa ja Keski-
Venajélla saatuihin vastaaviin arvoihin (taul. 68, s. 264) havaitaan Pohjois-Suomen
haihduntaméairien olevan niin koivun kuin myos kuusen kohdalta selvasti pienempia.

Koivikon haihduttaman veden maara ylitti tasta huolimatta poikkeuksellisen satei-
senakin kesdna 1951 vajoveden maaran selvalla erotuksella vaikuttaen siten mine-
raalimaata kuivattavasti (vrt. taul. 67, s. 262). Puuston heikomman haihdunnan joh-
dosta kuusikon mineraalimaa sen sijaan pysyi sangen kosteana koko kasvukauden.
Erityisen kosteana pysyi kuusikkoon avattu aukea ala C, jossa paksu kuntta ja sammal-
peite estivat mineraalimaan kuivumisen varsin tehokkaasti. Télle naytealalle ilmestyi-
kin erditd suokasveja, mm. Equisetum ja Ledum.

Sovellettaessa edelld esitettyjd tutkimustuloksia tarkasteltavina oleviin suksessioi-
hin voidaan etenkin puuston ja kuntan erilaisuuden perusteella todeta, ettd maan
vesipitoisuus lienee kaikissa sekundiirisuksession vaiheissa selvasti suurempi kuin
vastaavissa primaarisuksession vaiheissa. Pohjois-Suomen moreenimailla on tata
seikkaa lahinna ilmaston humidisuuden vuoksi pidettava haittana. Sekundaarimetsien
raunioitumista seuraakin voimakas soistumisprosessi.

Metsipaloa seuranneiden koivuvaltaisten primairimetsien avulla voidaan toisin
sanoen ehkdista metsamaan soistumista.
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Maan ilmanvaihto

Edella todettiin rinnakkaismetsikoiden maan vesitaloudessa olevan erditi merkit-
tavia eroavuuksia. Tasta seuraa, etta rinnakkaismetsikoiden maan ilmanvaihto-oloissa
myds oli odotettavissa eroavuuksia. Kentalld suoritetut momentaaniméiritykset osoit-
tivat kuitenkin mineraalimaan ilmanvaihdon olevan kuusikossa vain lievisti heikom-
man. Maan vesipitoisuuden vaihtelu oli lisdksi suurempi koivikossa, minkid vuoksi on
ilmeistd, ettd ilmanvaihto on ollut vilkkaampaa koivikon ohuessa humuksessa ja sen
peittdmaéssd mineraalimaassa kuin kuusikon paksussa ja kosteutensa kauemmin sii-
lyttavassd kuntassa ja sen peittdmdssd mineraalimaassa. Sen johdosta, ettd edelld
oletettiin sekundddrimetsikGiden maan jadvan kaikissa kehitysvaiheissa priméddrimetsi-
koiden maata kosteammaksi, lienee luonnollista, ettd maan ilmanvaihto yleensd muo-
dostuu puutteellisemmaksi ensin mainituissa metsikoissa.

Maan limpétila

Kuten tunnettua riippuu metsdmaan lampétila ldhinnd auringon sateilystd ja maa-
peitteen lammonjohtokyvystd. Tdrkednd tekijdnd on pidettivd myGs maan ldmpo-
kapasiteettia. Sen johdosta, ettd rinnakkaismetsikdiden maapeite oli ominaispainoltaan,
rakenteeltaan, vedenpidatyskyvyltddn ja paksuudeltaan varsin erilaista, oli tiettyja
maan lampétilan eroavuuksia odotettavissa. Metsikoiden séteilyoloja jotenkuten ku-
vaavien valaistusolojen erilaisuus etenkin kevaalla ja varhaiskesalld oli myds omiansa
korostamaan maan lampotalouden perusedellytysten erilaisuutta.

Maédrittamélla maanpinnan ldmpétalouden perusyhtéalon (Sy = Qn + Qi + Qp)
eri jasenten suuruus (ks. esim. Franssila 1949) saatiin suuntaa antava kasitys
sateilytaseen jakautumisesta eri komponentteihin. Taulukko 69 (s. 275) antaa selvipiir-
teisen kuvan koivikossa varhaiskesan aikana vallinneen lampdilmaston paremmuudesta.

Koivikon maan ja ilman ldmmittdmiseen liikeni keskimddrin noin 0.16—0.10
cal/cm?/min enemman Kkuin kuusikossa. Mainittu siteily-energiamaara kului etupddssi
maan lammittdmiseen. Maan on ts. taytynyt limmeta aikaisemmin ja tehokkaammin
koivikossa kuin kuusikossa. Kuvista 77—81 (s. 277—281) ilmeneekin, ettd ndin on ollut
asian laita. Kesdlld 1950 on koivikon mineraalimaan pintakerrosten limpdotila ollut
1—4.5°C korkeampi kuin kuusikon vastaavien maakerrosten. Maan liampotilan eko-
logisen merkityksen valaicemiseksi mainittakoon Ladefogedin (1939) toden-
neen juurten kasvun tapahtuvan noin kaksi kertaa niin nopeasti + 12°C:n kuin -
8°C:n lampdotilassa. Sateisena kesand 1951 olivat rinnakkaismetsikoiden maan lampo-
tilan erot hiukan pienemmat kuin edellisend kesdna. Roudan hidas sulaminen kuusi-
kossa ilmenee silti tdssdkin tapauksessa selvasti (vrt. kuvat 80—81 ja taul. 70 s. 282).
Myds aukeiden nédytealojen (C ja D) ja dsken kulotetun alan maan liampoétilaa tut-
kittiin. Vertailumittauksia suoritettiin myds erdissd muissa rinnakkaismetsikdissi,
ja todettiin, etta primaarimetsikoiden mineraalimaan lampdatila oli yleensi noin 1—5°C
korkeampi kuin vieressa olevan paksukunttaisen sekundaarimetsikon mineraalimaan.

Verrattaessa keskendan maan lampdétilaa primaari- ja sekundaarimetsikoissa tode-
taan, ettd sekunddirimetsikéiden paksumpi ja suurempia vesimiaria sitova kuntta
muodostuu vakavaksi maan lampenemisen esteeksi. Eri suksessioiden viliset erot
lienevdt tdman johdosta suurimmillaan suksessioiden alkuvaiheissa, jolloin primiri-
metsikdissd kasvukauden alussa vallitsevat valaistusolot viela lisaavat maahan tulevan
sateilyenergian maaraa.
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Maan ravinteisuus ja happamuus

Mineraalimaan, karikkeiden ja humuksen ravinteisuus

Rinnakkaismetsikdiden mineraalimaan ravinteisuus ilmenee taulukosta 71 (s. 286).
Voidaan todeta, ettd vuosisadan vaihteessa tapahtunut metsdpalo nayttaa vielidkin
tavalla tai toisella, ehka ldhinna karikkeiden valitykselld, vaikuttavan koivikon mine-
raalimaan pintakerrosten ravinteisuuteen. Etenkin typen ja kalkin maard on koivi-
kossa kiistattomasti suurempi kuin kuusikossa.

Syvemmissd maakerroksissa (15—55 cm) ei sen sijaan ole merkitsevii eroja havait-
tavissa. Metsapalon yhteydessd mahdollisesti tapahtuneet typpihdviot ovat siis aina-
kin mineraalimaan osalta kokonaan korvautuneet.

Sedentaaristen, so. maassa muodostuneiden karikkeiden ravinteisuutta on pyritty
selvittamaan valillisesti ja vain osittain. Koivun ja kuusen hentojen juurten ravintei-
suus antanee jonkinlaisen viitteen naiden yleensd ylenkatsottujen karikkeiden mer-
kityksestd (taul. 72, s. 288). Sedentiiristen karikkeiden kvantitatiivinen maaritys
on kuitenkin jaanyt suorittamatta. Pitkaaikaisten havaintojen perusteella on kuiten-
kin ilmeistd, ettd esim. vuosittain kuolevien hentojen juurten maird on huomatta-
vasti suurempi koivikossa kuin kuusikossa.

Sedimentaaristen, so. maahan varisevien karikkeiden ravinteisuudesta antaa tau-
lukko 73 (s. 288) selvan kasityksen. Koivikon karikesadon ravinnemairin ylivoimai-
suus tulee vield selvemmin esille taulukossa 74 (s. 289), josta ilmenevit pinta-alayk-
sikkod kohden tulevat tutkittujen ravinteiden kokonaismairit.

Etenkin taulukosta 74 ilmenneiden seikkojen perusteella oli luonnollista olettaa kuu-
sikon humuksen olevan niukkaravinteisempaa kuin koivikon humus.

Suoritetut analyysi‘t osoittivat myds tdman olettamuksen oikeaksi (taul. 75, s. 291).
Sekd kokonaismddrdn etta vaihtuvan mdairdn prosentit kuiva-aineesta olivat kaik-
kien tutkittujen ravinteiden osalta selvisti pienemmait kuusikon humuksessa.

Humuksen painoyksikon ravinnepitoisuus ei kuitenkaan anna oikeata kuvaa humus-
kerrokseen sitoutuneiden ravinteiden kokonaismaaristad. Ottaen huomioon, etti kuu-
sikon humuksen uunikuiva paino nousi 65.s tonniin hehtaaria kohden, koivikon ohuem-
man humuksen vastaavan luvun jaadessd vain 42.7:44n, on ymmarrettavaa, etta ravin-
teiden kokonaismairat nousivat kuusikon kuntassa sangen suuriksi, kuten myés tau-
lukosta 76 (s. 292) ilmenee. Lahinnd humuksen huonommasta hajautumisintensitee-
tista johtuu, ettd kuusikon kunttaan on puille kayttokelvottomaan tilaan sitoutunut
suuria méarid etenkin typpea ja emdiksisii ravinteita. Vaihtuvien ravinteiden suurem-
man konsentraation johdosta on koivikon humusta pidettivd viljavampana kuin
kuusikon paksua ja raakaa kunttaa, jonka arvoa kasvualustana vieli huonontaa
sen kylmyyden liséksi suurempi happamuus, kuten seuraavasta kdy ilmi.

Maan happamuus

Rinnakkaisnaytealojen maan eri kerrosten happamuuden maaritykset suoritettiin,
kuten edella on mainittu, noin 10— 16 vrk:n valiajoin. Aikaisempiin tutkimuksiin ver-
rattuna tdysin normaalit tulokset vuodelta 1951 ilmenevit taulukosta 77 (s. 297).
Voidaan havaita, etta pH-arvot ovat vahitellen nousseet kesdkuusta elokuun alkuun
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saakka. Happamuuden vaheneminen lienee maan lampétilan kehityksen ja orgaa-
nisten aineiden hajaantumisen seurauksia. Voidaan liséksi todeta, ettd maan hap-
pamuus on yleensi ollut kuusikon kaikissa maakerroksissa selvésti suurempi kuin
koivikon vastaavissa maakerroksissa. Kesilla 1950 suoritetut pH-maaritykset antoivat
samantapaisia tuloksia.

* " *

Rinnakkaismetsikdiden maan ravinteisuutta ja happamuutta koskeva osatutkimus
osoittaa ennen muuta kasvualustan olevan myos niiden ekologisten tekijoiden osalta
puille paljon edullisempi koivikossa. Kuusikon karikkeiden maéra ja ravinnepitoisuuden
vihiisyys johtaa yhdessd karikkeiden hajaantumiselle epdedullisten ekologisten teki-
jdin kanssa raakahumuksen eli kuntan jatkuvaan kerrostumiseen.

Edella esitettyjen tutkimustulosten soveltamisesta esimerkiksi primadrimetsikdiden
eri suksessiovaiheisiin — huomioon ottaen puulaji- ja kasvillisuusdynamiikan aiheutta-
mat karikesadon ja ekologisen konstellation muutokset —seuraa, ettd primaarimetsikoi-
den ravinnetalous kehittyy jatkuvasti huonompaan suuntaan. Mikali tulosten soveltami-
nen ulotetaan koskemaan myds sekundadrimetsikoitd, on edelleen puuston, pintakas-
villisuuden ja kuntan kehityksen sekd ekologisten tekijdin muuttumisen vuoksi
ilmeists, etti sekundaarimetsikdiden ravinnetase on kaikissa kehitysvaiheissa puille
selvisti epaedullisempi kuin vastaavissa primaarimetsikéiden kehitysvaiheissa.

Hiilidioksidin eritys

Kuten tunnettua voidaan humuksen hajaantumisen intensiteetti likimaaraisesti
mairittaa mittaamalla aikayksikossd erittyvan hiilidioksidin méaara. Mainittu maaritys
suoritettiin tdssa tutkimuksessa laboratorio-oloissa ko. tarkoitusta varten rakennetulla
erikoiskojeella (ks. kuvat 45 ja 46, s. 172). Kuhunkin respiratioastiaan sijoitettiin
yleensa 10 tuoretta humusnidytettd. Verrattain suuren naytemairan ansiosta muodos-
tuivat tulokset tavallisesti tasaisiksi ja luotettaviksi (kuva 82, s. 302). Mainitusta
kuvasta ilmenee myds erds tutkimuksen paatuloksista. Voidaan ndet havaita, etta
koivikon humuksesta erittyy selvisti enemman CO,:ia kuin noin kaksi kertaa paksum-
masta kuusikon humuksesta. Tdmia osoittautui saannoksi kdytannollisesti katsoen
kaikissa kesin 1951 aikana suoritetuissa rinnakkaismaarityksissa (vrt. taul. 78, s. 303)
riippumatta siitd, milld tavalla humusnaytteiden ymparistdolosuhteita muutettiin.

Taulukossa 78 esiintyvid CO,-erityksen alkuperdisarvoja tarkasteltaessa herattda
huomiota ennen muuta lampétilan vaikutus. Selvemmén yleiskuvan saamiseksi esite-
tidn CO,-eritys lampotilan funktiona kuvassa 83 (s. 305). Tassd kuvassa olevista kdy-
ristd nahdaian ensinnakin, ettid koivikon humuksen aktiivisuus on ollut suurempi kai-
kissa koeolosuhteiden lampétiloissa. Toiseksi voidaan havaita, ettd kuusikon humuksen
hajaantumiseen osallistuvien pienelididen optimaalinen ldmpdtila ndyttdd olevan hiu-
kan alempi kuin koivikon humuksessa olevien pienelididen.

Taulukossa 78 esiintyvistd lukusarjoista ilmenee myds, ettd nédytteenottoajalla
saattaa olla oma merkityksensd. Sen jilkeen kun vaihtelevista laboratorio-olosuh-
teista johtuva valttamaton lampétilan korrektio oli suoritettu (taul. 79, s. 306), ilme-
nikin naytteenottoajasta johtuvaa kausivaihtelua sangen selvésti (vrt. myds kuva
84, s. 308). Hiilidioksidin erityksen yleinen suunta on saadun tuloksen mukaan laskeva
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kevaasta syksyyn. Kasvukauden loppupuolella esiintyva poikkeama johtuu ilmeisesti
naytteenottoa edelténeistd poikkeuksellisista siddsuhteista. Laskeva suunta on sininsi
ymmarrettdva; kevaalld on runsaasti helposti hajaantuvia karikkeita maassa, ja ensim-
maiset hajaantumisvaiheet tuottavat runsaasti hiilidioksidia. — Toiselta puolen on
muistettava, ettd keviilld vaikuttaa hajaantumisprosessiin hidastavasti alhainen maan
lampotila.

Myds kuivuuden ja ilmanvaihdon vaikutus tutkittiin laboratorio-oloissa. Tulokset
ilmenevat kuvista 85 ja 86 (s. 309).

Naiden ja erdiden lisdtutkimusten perusteella voitiin todeta, ettia kuusikon humuk-
sen optimaalinen vesipitoisuus CO,-eritysta silmalla pitien on n. 65 9, kenttikapasi-
teetista, koivikon humuksen vastaavan luvun ollessa 75 9,. Suuri kosteus niyttii
ndin ollen vaikuttavan haitallisemmin kuusikon humuksen hajaantumiseen. — Puut-
teellisen ilmanvaihdon CO,-eritystd ehkaisevd vaikutus on sen sijaan suurempi Kkoi-
vikon humuksessa. Myos mineraalimaan CO,-eritystd tutkittiin ja havaittiin mm.
ettd A-horisontin aktiviteetti on suurempi kuin B-horisontin (taul. 80, s. 311).

Paremman yleiskuvan saamiseksi CO,-erityksen merkityksesti maan aktuaalisen
viljavuuden osoittajana suoritettiin erds eri metsityyppeja ja erilaisia puukasvustoja
edustava rinnakkaisméaritys. Taulukossa 81 (s. 312) olevasta lukusarjasta ilmenee
ennen muuta, ettd hyvaa boniteettia kuvaa myos voimakas hiilidioksidin eritys. Mikéli
maan aktiviteettia voidaan pitaa erdand boniteetin kriteerind, on myds todettava,
etta Siulionpalon rinnakkaismetsikot kuuluvat eri boniteettiin, silli hajaantumisinten-
siteetti palon jalkeisen koivikon humuksessa on aivan toista suuruusluokkaa kuin
vanhan sekundédérikuusikon paksussa ja raa’assa kuntassa. Kuitenkin on nykyisen
sekundédarikuusikon paikalla edeltaneen primaarisen puusukupolven aikana kasvanut
jopa noin 27—30 m pitkia kuusiyksiloita.

* *
*

Edella selostettujen tulosten soveltaminen vertailun alaisiin suksessioihin ja niiden
eri vaiheisiin osoittaa ennen muuta, ettd karikkeiden ja humuksen hajaantuminen
tapahtuu tehokkaimmin primaarisuksession ensimmaisissa kehitysvaiheissa aina met-
sikoiden keski-ikddn saakka, jolloin koivun karikkeiden vahenemisesta johtuvat hai-
talliset seuraukset alkavat tulla ndkyviin. Ainakin tahan primaarisuksession kehitys-
vaiheeseen saakka tapahtuu humuksen hajaantuminen nopeammin ja runsaammin
puille tarkeita ravinteita vapauttaen kuin vastaavissa sekundaarisuksession kehitys-
vaiheissa.

Yhdistelmid metsikéiden ekologiasta

Edelld esitettyjen Siulionpalon rinnakkaismetsikdiden ekologisia olosuhteita valai-
sevien tulosten soveltamisen tdssa tutkimuksessa tarkasteltavina oleviin suksessioihin
tulee tietysti, harhapaatelmien valttamiseksi, tapahtua varovaisesti ja mahdollisimman
tarkasti metsikoiden dynaamiseen kehitykseen nojautuen. Mainitut rinnakkaismetsikot
eiviat kuitenkaan, kuten jo alussa mainittiin, edustaneet keskenddn valittomasti ver-
tailukelpoisia suksessiovaiheita. Taksatoriseen osatutkimukseen sisdltyvat nuoret pri-
maarimetsikot eroavatkin Siulionpalon koivikosta ennen muuta runsaan kuusensekai-
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suutensa puolesta. Siulionpalon vanha kuusikko sitd vastoin edustaa hyvin sekunddari-
suksession ko. kehitysvaihetta.

Koivikon edustavuuteen kohdistuvasta huomautuksesta huolimatta voitaneen rin-
nakkaismetsikoissa vallinneiden ekologisten olojen perusteella kuitenkin kartoittaa
suuri joukko primairi- ja sekundaarisuksessioiden vilisid, puiden kasvulle merkitsevid
eroavuuksia. Puuston, kasvipeitteen ja humuksen erilainen rakenne aina syntyhetkestd
klimaksvaiheeseen saakka aiheuttaa ennen muuta eroavuuksia metsikdiden ekologiassa.
Erilaisissa kehitys- ja siirtymavaiheissa olevat kasviyhdyskunnat muovaavat, kuten
tunnettua, jatkuvasti omaa elinympdristodan.

Suksessioiden vilisten ekologisten eroavuuksien tarkastelun helpottamiseksi on
kenties paikallaan lyhyesti kerrata puuston, kasvipeitteen ja humuksen kehityksen tar-
keimmiit erikoispiirteet. Voidaan ndet hyvalla syylla olettaa, etta seka kvantitatiiviset
etta kvalitatiiviset muutokset edelld mainituissa metsikon osakerroksissa aiheuttavat
enemmin tai vihemmin voimakkaita ketjureaktioita koko metsikon ekologisessa
tilassa.

Mita suksessioiden puulajidynamiikkaan tulee, todettiin primaarimetsikdiden pysy-
vin koivuvaltaisina suunnilleen 130 vuoden ikain saakka. Koivun osuus on taman
lisaksi maarallisesti suurempi kuin vastaavissa sekundaarimetsikoiden kehitysvaiheissa.
Primaarimetsikdiden puuston suuremman kuutiomadran vuoksi lienee myos puiden
latvusmassa kauttaaltaan suurempi kuin sekunddadrimetsikoissa. Nuoremmissa kehitys-
vaiheissa timi johtuu lahinnd koivun nopeasta kehityksestd ja mydhemmissd vai-
heissa kuusen voimakkaasta kasvusta, Kasvipeite on ensimmdéisen vuosisadan aikana
ruohoisempi primairimetsikoissd, kun taas varpujen ja sammalten peittavyys on
suurempi ensimmdiisten 50—150 vuoden aikana sekundaarimetsikoissa. Koska sekun-
didrisuksessiota ei edelld humuspeitteen dkillinen tuhoutuminen, on sekundéarimetsi-
koiden kuntta ensimmaisen puolen vuosisadan aikana noin 3—10 cm paksumpi kuin
primaarisuksession vastaavien kehitysvaiheiden humuskerros. Myohemmin ero viahe-
nee keskimairin noin 2 cm:iin, mutta kvalitatiivinen ero pysyy edelleen suurena, tasoit-
tuen vain vahitellen. Humuksen muodostumiselle tirkeiden varpujen ja puiden juurten
dynamiikka méaaraytyy luonnollisesti kasvipeitteen ja metsikon kehityksen mukaan.
Etenkin sekundairisia suksessiovaiheita koskevana lisdpiirteend on mainittava juuris-
tojen pinnallistuminen. Varpujen juurten osuus raakahumuspeitteestd on erityisesti
vanhoissa sekundaarimetsikoissd huomattavan suuri.

Edella hahmoteltua, primaari- ja sekundaarisuksessioille ominaisten puuston, kasvi-
peitteen ja humuksen eroavuuksien muodostamaa taustaa vastaan lienee mahdollista
kuvata vertailukelpoisten kehitysvaiheiden valisia oleellisimpia ekologisia eroavuuksia.
Koska erddt puiden kasvun kannalta tirkeit fysiologiset toiminnat sattuvat varhais-
kesin aikana, kiinnitetdan padhuomio tdméan vuodenajan ekologisiin olosuhteisiin. Edelld
mainituin edellytyksin muodostuu kuva primaéri- ja sekundairisuksessioiden ekologi-
sista oloista seuraavanlaiseksi. )

1) Metsikkoiltnasto, etenkin ilman lampdtila, on priméadarisuksessioissa edullisempi
aina siihen asti, kunnes kuusi on noussut vallitsevaan asemaan poistuvan koivun
tilalle.

2) Maan lampétila koko juurivydhykkeessa, humuspeite mukaan luettuna, on
primaarisuksession aikaisemmissa kehitysvaiheissa huomattavasti korkeampi kuin vas-
taavissa sekundiarisuksession vaiheissa. Eroavuus tasoittunee jonkin verran koivun
viistyttya ja kuusen tullessa valtalajiksi sekd valaistuksen vastaavasti vahentyessa.
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Vanhoissa sekundaarimetsikoissa kuntta estinee maan lampétilan nousemasta edulli-
semmaksi kuin jonkin verran ohutkunttaisemmissa, mutta puustoltaan tiheimmissi
priméddrimetsikoissa.

3) Vesitaloudelle on ensi sijassa luonteenomaista sekundddrimetsikoiden humusker-
roksen suurempi vedenvarastoimiskyky kaikissa kehitysvaiheissa. Humuksen paksuus
lienee ratkaiseva tekijid. Maapeitteen haihdunnan edellytykset ovat tdmin lisdksi
sekundédrisuksessiossa verrattain huonot. Koska primiddrimetsikoissd puuston haih-
dunta on etenkin koivun valtakautena paljon suurempi kuin sekundéidrimetsikdiden
haihdunta, vallitsee mineraalimaassa primdarisuksession aikana tavallisesti huomat-
tavasti edullisempi vesitalous. Alkavaa soistumista on havaittavissa sekundéarisukses-
sion raunioitumisvaiheessa.

4) Maan ilmanvaihto lienee priméaarimetsikoissa tehokkaampi, mika osaksi johtu-
nee siitd, ettd tiheimman ja syvemmalla sijaitsevan juuriston jattimia onteloita on
runsaammin, osaksi taas siitd, ettd mineraalimaan vesitaloudessa tapahtuu voimakkaan
haihdunnan ansiosta useammin ilmanvaihtoa edistavid muutoksia kuin sekunddiri-
metsikoissd.

5) Seka sedimentdarinen ettd sedentaarinen karikesato on niin kvalitatiivisesti kuin
kvantitatiivisesti edullisempaa primadarimetsikdissa. Eroavuus on tietenkin suurin koi-
vun valtakautena, jolloin helppoliukoisten ravinteiden madrd on huomattavan run-
sas. Mutta koivun vaistyttyakin karikkeiden lannoitusteho pysyy kaikesta paattiaen
parempana kuin vastaavissa sekundaarisuksession vaiheissa, ldhinna aikaisemmissa
kehitysvaiheissa vallinneen tehokkaan ravinteiden kiertokulun ansiosta.

6) Karikkeet hajaantuvat nopeimmin primaarisuksession aikaisemmissa vaiheissa.
Maan korkeampi lampétila, yhdessa karikkeissa runsaasti tarjolla olevien ravinteiden
kanssa, aikaansaa voimakkaan mikrobiologisen aktiviteetin. Tuloksena on ravinteiden
nopea mineralisoituminen ja ohuen, hyvin humifioituneen, amorfisen ja ns. aitoja
humusaineksia sisdltavén, heikosti happamasti reagoivan humuskerroksen syntyminen.
Klimaksvaiheessa ilmenee suksessioiden vdlisten eroavuuksien tasoittumista.
Sekundaarisuksessiossa tapahtuu karikkeiden ja humuksen hajaantuminen koko ajan
hitaasti (lukuun ottamatta siirtymévaihetta primédarisesta sekundédariseen suksessioon).
Sekundadrimetsikdiden humukseen sitoutuu puille kdyttokelvottomaan tilaan huomat-
tavia ravinnemdaarid, ja kuntan happamuus on lisdksi suurempi kuin vastaavissa pri-
madrivaiheissa.

Edelld esitetty, suksessioiden muuttuviin ominaisuuksiin kohdistunut katsaus ei
ole, eikd pyrikdin olemaan tédydellinen — enempdd tutkittujen tekijdin lukumaaradn
kuin niiden ekologisen merkityksen arviointiinkaan ndhden. Saavutetut tutkimustulok-
set osoittavat kuitenkin, ettd primdarimetsikdissa vallitsevat olosuhteet ovat puiden
kasvulle huomattavasti edullisempia kuin sekundddrimetsikoissa.

Tulosten tarkastelua

Tamain tutkimuksen tarkoituksena on ollut selvittdd Pohjois-Suomen paksusammal-
kankaiden kuusimetsien luontaista kehitysta ja sen ekologisia syitd. Ensiksi mainittu
osatehtidvi on ratkaistu etupddssi taksatorisin menetelmin. Kaytannollisistd syistd on
selvittely rajoitettu kisittimidn vain sitd suksessiota, joka metsdpalon jadlkeen alkaa
enemmin tai vihemmin puhtaana koivikkona ja johtaa puhtaaseen kuusikkoon. Eko-
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logisia muutoksia kasittelevd osatehtdvd on ratkaistu verrattain monipuolisin erillis-
tutkimuksin, jotka kohdistuvat erdiden rinnakkaisten ndytealametsikdiden ilmastoon ja
maaperdan.

Tutkimuksen padtuloksina esitetddn seuraavaa.

Hylocomium-Moyrtillus-tyyppi (HMT) edustaa pohjoisen mustikkatyypin sekun-
daarisia kehitysvaiheita, joille on tunnusomaista huonolaatuinen puusto. Kasvisosiolo-
gisesti HMT on tyyppivaiheessaan kdytannollisesti katsoen identtinen mainitun pohjoi-
sen mustikkatyypin kanssa. Tdmén johdosta lienee tdhdnastinen bonitointi tapahtunut
padasiallisesti paksun kunttakerroksen ja kehnon puuston perusteella, ja lienee tdten
antanut todellista tilannetta vastaavan kuvan kasvupaikan aktuaalisesta boniteetista.
Potentiaalinen boniteetti ilmenee, kun sekundéirisiin kehitysvaiheisiin ehtineet kasvu-
paikat saatetaan tulen avulla primaédriseen tilaansa.

Klimaksteoria, jonka mukaan klimaks-kasvustot ovat staattisia, on ainakin kirjai-
mellisesti sovellettuna Pohjois-Suomen tuoreiden kankaiden kuusikkoihin soveltumaton
ajatusrakennelma. Metsipaloa seuraava, koivu-kuusi-sekametsdvaiheen kautta kehit-
tyvd primédrinen, vihitellen puhtaaksi kuusikoksi muuttuva metsikko lapikdy keski-idn
jdlkeen vain lyhyen, n. 100 vuotta kestdvan klimakstilaa muistuttavan vaiheen, jota
seuraa puuston tdydellinén raunioituminen. Osittain raunioitumisvaiheen aikana,
osittain sen jilkeen syntyvi sekundddrinen puusukupolvi kehittyy ekologisesti huomat-
tavasti epdedullisemmissa oloissa kuin metsapalon jélkeinen priméddrinen metsd. Kuusen
vaikuttaessa voimakkaasti metsikkdilmastoon muodostuu sekunddérisen suksession
klimaksvaihe olennaisiita kasvisosiologisilta piirteiltddn priméaérisen suksession klimaks-
vaihetta muistuttavaksi. Etenkin sekundiérisen suksession puuston raunioituessa alkaa
soistumiseen viittaavia kasvilajeja ilmestyd kasvustoon. HMT:n luontainen kehitys ei
siis tapahdu klimaks- eikd metsityyppiteorian edellyttdmalld tavalla, palautumalla
kussakin suksessiossa samaa boniteettia ilmaisevaan tyyppivaiheeseen, vaan luontai-
nen kehitys on, ilman tulen aiheuttamaa palautumista alkuperdiseen boniteettiin,
suksessiosta toiseen jatkuvasti taantuvaa.

Sekundddrimetsien hitaan kehityksen syynd pidetddn niiden epéedullista ekologista
tilaa. Paksun ja helposti kosteana pysyvén kuntan aiheuttaman kylman kasvualustan
katsotaan olevan pidsyyna karikkeiden hitaaseen ja epéatdydelliseen hajaantumiseen.
Seurauksena hajaantumisen hitaudesta on raakahumuksen yhé voimistuva kasautumi-
nen monine haitallisine seurausilmidineen, joista ennen muita on mainittava tarkeiden
ravinteiden sitoutuminen pitkiksi ajoiksi puille kdyttokelvottomaan tilaan seka kasvu-
alustan muuttuminen yhi kylmemmaksi, happamammaksi ja kosteammaksi.

Edelli esitetyt padtulokset ndyttivit ensi ndkemailtd olevan jonkin verran ristirii-
dassa metsityyppiteorian padperiaatteiden kanssa.Toisaalta lahempi tarkastelu osoittaa,
ettd aikaisemmatkin tutkijat ovat pddtyneet tai olleet lahelld padtyd samantapaisiin
lopputuloksiin.

Cajander itse on alun perin suhtautunut epiilevésti HMT:iin. Han mainitsee
etteivit kasvipeite ja puusto tdssd metsityypissd sovellu hdnen teoriaansa. Verratto-
malla intuitiollaan hin tihdentii erdissa lausunnossaan, ettd HMT on kuusimetsdn
aiheuttama metsimaan huonontumistulos. HMT:n tédhanastista sijoitusta tyyppi-
luetteloon lienee ndin ollen pidettdvi tilapidisratkaisuna. HMT:n soveltumattomuus
metsdtyyppioppiin tulee vield edempdnd puheeksi.

Heikinheimo esittid puolestaan runsaasti esimerkkejd, joista ilmenee, ettd
HMT on muuttunut MT:n kaltaiseksi metsdpalon jdlkeen, ja toiselta puolen hidn mai-
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nitsee palaneita metsdmaita, jotka ovat kehittyneet HMT:ksi. Pédasiallisena HMT:n
syntymisen syynd hén pitdd ilmastoa. Myoskin hdnen tarked tutkimustuloksensa, jonka
mukaan HMT esiintyy tyypillisimpand etenkin vaarojen pohjois- ja itdrinteilld, tihden-
tdd voimakkaasti ilmaston ja nimenomaan metsikkdilmaston ratkaisevaa merkitysti
HMT:n muodostumiselle. Toisaalta hdn mainitsee, etti HMT on kuusen itsensid luoma
metsdtyyppi.

Kasilld olevassa tutkimuksessa ei kasvupaikkojen ekspositio ole joutunut erillissel-
vittelyn kohteeksi, mutta HMT-alueella tehdyt ekologiset havainnot tukevat kuitenkin
voimakkaasti Heikinheimon ndkemystd. Nayttaa siltd, ettd edellytykset sekun-
dddrimetsien edelld kuvatulle kehitykselle olisivat erityisen suotuisat juuri pohjois- ja
itdrinteilld, joilla nimenomaan maan lampdétila jd4 olosuhteiden pakosta yleensi nor-
maalia alhaisemmaksi.

Kujala esittdd ensimmdisend selvidsti ajatuksen HMT:n ja MT:n rinnakkaisuu-
desta. Lisdksi hdn arvelee, ettd MT degeneroituu HMT:ksi jo yhden puusukupolven
aikana. Namd Kujalan pddtelmadt ovat kaikilta osiltaan osoittautuneet oikeiksi
tdssd tutkimuksessa.

Ilvessalon laatimat kasvipeitekuvaukset MT:std ja HMT:std todistavat Kiis-
tattomasti, minkéalaisesta kasvisosiologisesta samankaltaisuudesta todellisuudessa on
kysymys. Merkille pantavaa on, ettd hdnen vuosikymmenid sitten, etupddssid paksun
raakahumuskerroksen ynna puuston fysiognomisten piirteiden perusteella erottamansa
HMT miltei yksityiskohtiaan myoten vastaa tdssd tutkimuksessa esitettyd sekundaa-
ristd kuusikkoa. Tama lisdd tekijdn mielestd kdsilld olevan tutkimuksen luotettavuutta
kyseessd olevalta osalta melkoisesti. Mainittakoon myds, ettd kasvisosiologinen saman-
kaltaisuus lienee aikoinaan aiheuttanut huomattavan siirtymisen HMT:std MT:iin
valtakunnan metsien arvioinneissa.

Aaltosen epdiyt HMT:n vadrdstd sijainnista viljavuusasteikossa ovat osoit-
tautuneet aiheellisiksi. Hanen otaksumansa, ettd nykyiselld huonolla boniteetilla taytyy
olla muita syitd kuin maaperdstd johtuvat, saa tdimén tutkimuksen ekologisista selvit-
telyistd luontevan selityksen, johon hén itsekin on jo varhaisessa vaiheessa pddtynyt:
»HMT on kuusen aiheuttama maan degeneroitumisen tulos.»

Airaksinen ja Teivainen ovat myos puolestansa tdhdentdneet kuusen
ratkaisevaa merkitystd HMT:n kasvipeitteen muodostumiselle.

Monet Pohjois-Suomessa toimineet kdytdannon metsaammattimiehet ovat niin ikddn
arvelleet, etti HMT-kuusimetsien huonon tuoton syyt piilevdt juuri niissd seikoissa,
jotka ovat ilmenneet tissd tutkimuksessa. Heidan joukostaan mainittakoon erityisesti
Metsdnheimo, Oksanen ja Siitonen.

Kysymys sekunddiristen metsien hitaasta kehityksesta on kiinnostanut tutkijoita
myos ulkomailla. Raupin (1946) ja Bloombergin (1950) havainnot kuusen
toisen puusukupolven heikosta kasvusta Kanadan havumetsdavyohykkeessd ovat yhté-
pitdvia tdman tutkimuksen padtulosten kanssa. Niin ikddn tukevat Wiedeman-
nin (1925) ja nimenomaan Wittichin (1952) ja Attenbergerin (1951)
tutkimukset Saksan kuusimetsien kasvun heikkenemisestid omalla tavallaan edelld esitet-
tyjé tuloksia regressiivisen kehityksen syisti. HMT-metsien dynamiikassa keskeisessd
asemassa oleva puuston nopea raunioituminen tunnetaan myds toisenlaisista metsistd
(vrt. Iwaschkewitsch 1930ja Jones 1945). Ennen muuta on kuusen ratkai-
seva merkitys kasvipeitteen fysiognomialle tullut todetuksi perusteellisissa tutkimuksissa
(Chirita 1931 ja Attenberger 1951).
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Kaisilld oleva tutkimus saa niin ollen voimakasta tukea edelld mainituista muualla
saavutetuista tuloksista. Toisaalta esiintyy mydos sellaisia tutkimustuloksia, jotka poik-
keavat edelld esitetyistd paidtuloksista. Tarkeana esimerkkind mainittakoon H e s-
merin (1930) kielteinen tulos tulen merkityksestd. Hdnen ankara tuomionsa koskee
kuitenkin tulen kadyttda pddasiassa viiledn ja humidisen havumetsdvyohykkeen ulko-
puolella olevissa metsissd. Niin ikddn ovat esimerkiksi Korstianin (1937) ha-
vainnot tulen tuhoisasta vaikutuksesta hakkuun jdlkeen Appalakkien vuoriston kuu-
sikoissa varmaan oikeat sikildisissd oloissa. Korstianin ehdottama harsintahak-
kaus johtaisi sen sijaan Pohjois-Suomen kuusimetsissd entistd suurempiin vaikeuksiin.

Sellaisia perusteellisiin ja pitkdaikaisiin ekologisiin selvittelyihin nojautuvia HMT-
kuusikoiden kaltaisten kasviyhdyskuntien kehitysta koskevia tutkimuksia, joiden tu-
lokset yhdessa tai useammassa olennaisessa kohdassa olisivat jyrkasti ristiriidassa edelld
esitettyjen padtulosten kanssa, ei kirjallisuudesta ole tavattu.

* *
*

Edelld mainittiin jo Cajanderin havainneen, etteivit HMT:n kasvipeite ja
puusto sovellu hdnen metsdtyyppiteoriaansa. Seuraavassa pohditaan lyhyesti, missa
madrin esitetyt tulokset ovat ristiriidassa metsétyyppiteorian perusajatusten kanssa.

Cajander esittdd (1949, s. 21), ettd kasvupaikkojen luonnollisen luokittelun
tulee olla tarkka ja objektiivinen. Aikaisemmin valtakunnan metsien arvioinneista saa-
duista kokemuksista ilmenee, ettei metsityyppiteoria HMT:n osalta tdytd nditd vaati-
muksia. Tama johtuu siitd epdkohdasta, ettd pohjoinen MT ja HMT peittévit toisensa
kasvisosiologisesti, vaikka ne ovatkin tdamin tutkimuksen mukaan ekologis-biologisilta
ominaisuuksiltaan selvisti erilaiset.

Sangen arveluttavalta ndyttdid myos metsatyyppien méddritelmidn kolmannen perus-
edellytyksen (op.c. s. 31) soveltaminen HMT:n kuusimetsiin. Siind edellytetdan ndet,
etti myds niitd muutoksia on pidettdvi tilapiisluontoisina, joita paikalla kulloinkin
kasvava puulaji aiheuttaa. Ratkaistavaksi jdd, kumman puulajin vaikutus on tilapdinen
primaddrimetsin koivun vai sekundddrimetsdn kuusen.

Kun otetaan huomioon, ettd Cajander (op.c.s. 32) pyrkii méddrittdmaan poten-
tiaalisen boniteetin, on jalkimmaistd vaihtoehtoa, siis sekunddarimetsidn kuusta, pidet-
tava tilapdisend puulajina. Tdmd paitelmd on kuitenkin pahasti ristiriidassa metsa-
tyyppiteorian klimaks-oppiin perustuvan padajatuksen kanssa (op.c. s. 24). Oikeinta
olisi sen mukaan pitdd HMT:4 todellisena metsatyyppind ja sen ensimmdistd puusuku-
polvea vain metséipalon aiheuttamana ohimeneviand poikkeamana. Metsdtyyppiteoria
pyrkii kuitenkin ennen muuta tarjoamaan metsatalouden kédytannolle kestavid luokitus-
perusteita. Tatd tukee myds Cajanderin peruspyrkimys saada metsdtyyppien
avulla kuvatuksi ne primadriset kasvupaikkatekijit, jotka jdisivdt voimaan, vaikka
kasvupaikka paljastettaisiin kokonaan kasvipeitteettomaksi (op.c. s. 32). Toisin sanoen
HMT:st4 ei pitéisi polttamalla tulla mustikkatyyppid, vaan kasvupaikka, joka vilja-
vuudeltaan vastaisi paksusammaltyyppid.

Cajanderin pditelmad sekundadristen kasvupaikkatekijdin vaikutusten tila-
paisyydesta on nin ollen pidettidvi ilmeisesti klimaks-opin virheellisestd soveltamisesta
johtuvana harhapaitelmidnd. Cajander tosin vaistosi jotakin outoa HMT:n koh-
dalla, mutta hin ei kiinnittinyt sen erikoisuuteen riittdvad huomiota.

Toiselta puolen lienee vaikeata olla eri mielti Cajanderin kanssa primddriseen
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tilaan joutuneelle kasvupaikalle ilmestyvin kasvillisuuden kehityksen padsuuntavii-
vois'ta. Yksinpd tdméan tutkimuksen priméirimetsien kasvustojen vihittdinen muovau-
tuminen tyyppikasvustoksi tukee voimakkaasti ja yksiselitteisesti titd osaa C ajan-
derin Kkauniista ajatusrakennelmasta. Niin ollen jda ratkaistavaksi, missi ristiriita
piilee. Edelld on jo todettu, ettd klimaks-opin soveltaminen paksusammaltyyppiin on
harhaanjohtavaa ko. metsityypin taantuvan kehityksen vuoksi. Edellyttden oikeiksi
tassd tutkimuksessa esitetyt tulokset HMT-metsien dynamiikasta ja niiden viljavuuden
palautumisesta tulen avulla, voidaan Cajanderin metsdtyypin maaritelma rajoit-
taa koskemaan vain primadrimetsi, niin kuin Cajander itse lienee alun perin tar-
koittanut.

HMT edustaa toisin sanoen pohjoisen mustikkatyypin sekundiirisia suksessiovai-
heita, joissa luontaisesti syntynyt puusto on monien epiedullisten ekologisten tekijoiden
johdosta yleensd harvempaa ja hidaskasvuisempaa kuin potentiaalinen boniteetti
edellyttda.

Lienee selvdd, ettd sekunddarisen HMT:n luonteessa esiintyy varsin laajaa vaihtelua.
Onhan tamd tutkimus koskenut vain yht4 kehityssarjaa monista mahdollisista. Yhteisti
kaikille HMT-metsille on kuitenkin paksun kuntan ohella kehnokasvuinen puusto. Muu-
tettaessa kasvupaikan ekologisia ominaisuuksia edelld osoitettuun suuntaan muuttuu
myds sen aktuelli boniteetti todellista boniteettia vastaavammaksi.

HMT:d esiintyy vain nimeksi Eteli-Suomessa, mutta toiselta puolen on vaikeata
kasittdd, miksi Eteld-Suomen kuusikoiden vaikutus omaan eloympéristoonsd olisi peri-
aatteessa toisenlainen. Osittain laajalle levinneen kaskiviljelyksen ja runsaiden metsi-
palojen ansiosta ei sekundédirimetsien probleema tosin ole ehtinyt tulla samassa mairin
ajankohtaiseksi kuin Pohjois-Suomessa, joskin esimerkiksi Uudellamaalla ja Pohjois-
Hameessd esiintyy tuoreilla kangasmailla runsaasti ns. vésyneitd kuusikoita. Niissi
metsissd on ilmeisesti pitkdaikainen, ldhinnd puustosta johtuva liian staattinen ekolo-

ginen olotila muuttanut alkuaan dynaamisen eloyhteison kehityskaaren suunnan taan-
tuvaksi.

Kaytinnolliset seuraukset

Taman tutkimuksen kdytannolliset seuraukset ovat ddriviivoiltaan hyvin selvépiir-
teiset. Viivytyksettéd on entistd laajemmalla rintamalla ryhdyttdva palauttamaan poh-
joisia sekundaarimetsid primédritilaansa. Metsanhoitoteknillinen ratkaisu on useimmissa
tapauksissa mahdollisimman yksinkertainen: paljaaksihakkaus, kulotus
ja keinollinen uudistaminen.

On tosin korostettava, ettd raakahumuksen kerralla poistaminen ei aina ole pédasia,
vaan kunttaan sisiltyvien ravinteiden saattaminen vihitellen puille kidyttokelpoiseen
tilaan, on paitavoite. Toiselta puolen ei metsidtaloutemme vield ole niin intensiivist,
ettd raakahumuskerroksen aktivointiin johtava metsdamaiden keinollinen lannoittaminen
laajassa mittakaavassa olisi taloudellisesti kannattavaa. Ndin ollen kulotus, joka jattda
polttamatta noin 1—3 cm orgaanista ainetta mineraalimaan pinnalle, lienee toistaiseksi
tarkoituksenmukaisin toimenpide. Orgaanisten aineiden menetykset korvautuvat nope-
asti biologista tietd, mikdili kulotetut maat eivit ole poikkeuksellisen koyhid emiksista.
Kuloalalle luontaisesti nouseva lehtipuutaimisto ylldpitdd maan biologista terveytti
emdiksisten ravinteiden elintirkedn kiertokulun avulla. Kdytinnossd tima merkitsee
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mm., ettd entisille paksusammalkankaille perustettujen viljelysta imistojen
perkauksissa on ehdottomasti jatettdva vihintddan lievd
lehtipuusekoitus pddtainiistoon. MyShemminkin on lievad sekametsan
luonne sdilytettdvi niin kauan kuin mahdollista.

Missi hyviksyttivi kuusen luontainen uudistuminen on jo tapahtunut, tulee met-
sdn, varsinkin alussa, saada kehittyd voimakkaasti lehtipuunsekaisena, jotta vanhan
raakahumuskerroksen hajaantuminen edistyisi nopeammin ja uuden kuntan kerrostu-
minen ehkdistyisi niin paljon kuin mahdollista.

Kysymys puulajin valinnasta ei kuulu tdmiin esityksen aihepiiriin, mutta palautetta-
koon ohimennen mieleen, etti tdssd tutkimuksessa esitetyn primadrimetsin kuusi-
jakson kuutioméirin kehitys poikkeaa kaikesta huolimatta melkoisesti siitd kuutiomia-
rin kehityskayrista, joka jo on viljelysminnikoista laadittavissa. Médntyrikkaassa Poh-
jois-Suomessa kuusen uudistaminen parhailla tuoreilla kankailla lienee silti harkitsemi-
sen arvoinen asia. Sen sijaan keskinkertaiset ja huonot HMT:n maat on empimétta muu-
tettava ménnikoiksi.

Tiedimme nykyiin noiden minnikdiden kasvun olevan ylivoimainen edelténeisiin
HMT-kuusikkoihin verrattuna. Tamin tutkimuksen perusteella voidaan taydelld syylli
odottaa mainitun ylivoimaisuuden jatkuvan tulevaisuudessakin. Kasvunlisdys ei niet
ole ohimenevi, palaneesta kuntasta vapautuneiden ravinteiden tuhlailevasta kertakay-
tosti johtuva, vaan se on jatkuva, mikili maan todellista viljavuutta vain ylldpidetdian
huolehtimalla sopivasta puulajikoostumuksesta ja aikanansa ehkd uudelleen kulotta-
malla.

*

Alkusanoissa mainittiin Heikinheimon onnistuneen muuttamaan huonokasvui-
sia HMT-kuusikoita hyvikasvuisiksi viljelysmetsikoiksi. Silloiset tiedot metsikkoilmas-
tosta, humuksen aktiviteetista, ravinteiden mineralisoitumisesta ja metsamaan fysikaa-
lisista ominaisuuksista ylipaansd olivat tutkimusten puutteessa varsin vajavaiset.
Heikinheimolla eitoisin sanoen ollut varmoja takeita siitd, ettd hinen metsdn-
hoidollinen ratkaisunsa johtaisi toivottuun tulokseen. Pieni osa hédnen elimantyotadn
on nihtdvissd Kivalon ja Kaihuanvaaran rinteilld. Siellid kasvavia elinvoimaisia vilje-
lysminnikoitd kauniimpaa todistetta oikein harkituista periaateratkaisuista lienee
vaikeata l0ytéa.

Tissd tutkimuksessa esitetty nikemys HMT-metsien luonteesta lienee omiansa aset-
tamaan myos monet aikaisemmat ratkaisut puun hankinnan, asutuksen, verotuksen ja
taloussuunnitelmien kohdalta uuteen valoon. Puuttumatta lihemmin néihin seikkoihin
todettakoon lyhyesti, ettd jo yksinomaan metsinhoidolliset nikokohdat omalta osal-
tansa riittdvit kiirehtimiin Lapin vanhojen kuusimetsien puuston talteen ottamista
ja sikildisten tuoreiden kankaiden nopeata saattamista metsitalouden palvelukseen
hyviksi kiyttien niihin vuosisatojen aikana patoutunutta potentiaalista tuottovoimaa.

Publications of the Society of Forestry in Finland:

ACTA FORESTALIA FENNICA. Contains scientific treatises dealing mainly with

.forestry in Finland and its foundations. The volumes, which appear at irregular
intervals, generally contain several treatises.

SlLV'A FENNICA. Contains essays and short investigations mainly on forestry in
Finland. Published at irregular intervals.

Die Veroffentlichungsreihen der Forstwissenschaftlichen
Gesellschaft in Finnland:

ACTA FORESTALIA FENNICA. Enthalten wissenschaftliche Untersuchungen
yorwiegend iiber die finnische Waldwirtschaft und ihre Grundlagen. Sie erscheinen
in unregelmassigen Abstianden in Banden, von denen jeder im allgemeinen meh-
rere Untersuchungen enthilt.

SILVA FENNICA. Diese Veroffentlichungsreihe enthilt Aufsitze und kleinere Un-

tersuchungen vorwiegend zur Waldwirtschaft Finnlands. Sie erscheint in zwang-
loser Folge.

Publications de la Société forestiére de Finlande:

ACTA FORESTAL_IA FENNICA. Contient des études scientifiques principalement
sur I’économie foresti¢re en Finlande et sur ses bases. Parait a intervalles irré-
guliers en volumes dont chacun contient en général plusieurs études.

SILVA FENNICA. Contient des articles et de petites études principalement sur
I’économie forestitre de Finlande. Parait 2 intervalles irréguliers.



