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Vegetation and CO, balance in an abandoned
harvested peatland in Aitoneva, southern Finland

Kasvillisuus ja CO,-tase kéytostd vapautuneella turvetuotantoalueella
Kihnion Aitonevalla
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The vegetation and CO, balance (difference between CO, fixation rate and respiration
rate) in an abandoned harvested peatland in Aitoneva, Kihni6 (62°12'N, 23°18’E) were
studied during the summer of 1994. The daytime CO, fluxes from sample plots representing
different kinds of vegetation were measured using two different static chamber techniques.
To investigate the compositional variation of vegetation and its relationship with CO,
balance, data on the vegetation of the sample plots was analysed by global non-metric
multidimensional scaling (GNMDS). A total number of 20 plant species was observed
on the sample plots. The dominant plant species was Eriophorum vaginatum L. The
main variation in GNMDS were connected with colonization stage (total cover of
vegetation). The CO, fixation rate varied between —56 and 1869 mg m= h™' and the
respiration rate varied between 34 and 1168 mg CO, m? h™'. The CO, fixation and
respiration rate increased with increasing total vegetation cover. The highest respiration
and the highest CO, fixation rates were found in sample plots dominated by mature
Eriophorum vaginatum tussocks. Those sample plots were the only ones having positive
CO, balance. Regression analysis indicated that the respiration rate depended on soil
temperature. Variation in the water table had no influence on the respiration or the
CO, fixation rate.

Key words: CO, balance, Eriophorum vaginatum, GNMDS, harvested peatland, plant
colonization

INTRODUCTION

In Finland, about 52 500 hectares of peatland is
exploited for peat harvesting, mainly by surface
milling operations. Currently approximately 3 000
additional hectares are subjected to peat harvesting
annually. The harvesting period of a peatland is

15-20 years after which the harvested peatland
is abandoned. At the moment there are 2 500
ha of abandoned peatlands, and during this de-
cade this area is predicted to increase by 1 500—
2 000 ha annually. The largest portion of the
abandoned peatlands has been forested, but a
part has been left undeveloped (Taustatietoa
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turvesoiden jédlki-kéytostd 1989, Lappalainen et
al. 1992).

During peat harvesting a peatland is drained
efficiently and divided into convex fields (Suoninen
1982). After abandonment the mean water table
level stays well below the surface, but the water
level fluctuation can be larger than in virgin mires
(Roderfeld et al. 1994). The surface peat of a
harvested peatland is usually highly decomposed,
and has a low content of readily soluble nutrients
(Kaunisto 1979, Ferm and Kaunisto 1983, Lumme
etal. 1984, Hytonen 1994). The daily temperature
fluctuation of surface peat can be large; on sunny
days the dark surfaces warm efficiently and cool
rapidly on cloudless nights. The fields remain
without vegetation cover for a long period, because
plant colonization in such extreme conditions is
very slow (Curran and MacNaeidhe 1986, Salonen
1992).

The CO, balance of an ecosystem is the ratio
between the amount of CO, fixed by plants in
photosynthesis and the amount of CO, released
by respiration of plants and decomposers. In a
functional mire ecosystem, the CO, fixation rate
is higher than the respiration rate, and the CO,
balance of the ecosystem is positive. The ecosystem
accumulates peat and acts as a sink for atmospheric
carbon. In anon-vegetated harvested peatland there
is no carbon fixation, but carbon is released by
leaching, in anaerobic decomposition and soil
respiration. During the warmest time of a year average
respiration rates of 199 mg CO, m2h™! ina Sphagnum
peat production field and 176 mg CO, m~ h™! in
a Carex peat production field have been measured
(Silvola and Alm 1992). CO, fixation by harvested
peatland begins with increasing plant colonization
and the system evolves towards a functional mire
ecosystem. Currently there is no information as
to the extent and rate by which plant colonization
changes the CO, balance.

In summer 1994, an experimental study was
started in Aitoneva as a part of the Carbon Balance
of Peatlands and Climate Change (SUOSILMU)
project. The purpose of the study is to investigate
the relationship between the vegetation and the
carbon balance of harvested peatland, and the effect
of rewetting on plant succession and carbon
balance. Summer 1994 was a calibration period
and the aim of this study was to examine the

vegetation and CO, balance in an abandoned
harvested peatland before rewetting, and to in-
vestigate the effect of vegetation and environmental
variables on the CO, balance. Rewetting of the
experimental area was achieved by blocking the
drainage ditches with peat dams in autumn 1994.

MATERIAL AND METHODS

Research area

The study was carried out in harvested peatland in
Aitoneva, Kihnio (62°12’N, 23°18'E) in a transitional
area between the southern and middle boreal
coniferous forest zones (Ahti et al. 1968). The
annual mean temperature of the region is 3.5°C
and the mean annual precipitation is 600 mm. The
effective growing season is 160 days long on
average and the cumulative temperature sum
(threshold +5°C) is 1100 d.d.

The study site was abandoned in 1975 when
peat harvesting ended. The thickness of the peat
layer after abandonment was about one meter. The
field is 3.5 ha in area and is divided into 20 meter
wide strips by ditches. The drainage system was
still functioning in summer 1994. After twenty
years bare surfaces still form the major part of
the field. The dominant plant species is Eriophorum
vaginatum L.

Data collection

Within the field 11 sample plots were established
on different kinds of surfaces chosen subjectively
to represent the variation of vegetation. Six of the
sample plots were placed on almost non-vegetated
surfaces (sample plots 2, 4, 5, 6, 8 and 11) and
five of the sample plots were placed on more densely
vegetated surfaces (sample plots 1, 3, 7, 12 and
13). Sample plots were surrounded with 0.36 m?
(60 x 60 cm) aluminium collars (Fig. 1), which
were inserted into the peat to a depth of 30 cm.

The vegetation of the sample plots was
described using the percentage cover method.
Seedlings, living tussocks and dead tussocks of
Eriophorum vaginatum were recorded separately.
Eriophorum vaginatum tussocks were classified
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using classification of Fetcher and Shaver (1982).
The nomenclature follows Himet-Ahti et al. (1986)
for vascular plants, Ahti (1981) for lichens and
Koponen et al. (1977) for bryophytes.

Carbon dioxide fluxes from these sample plots
were measured using two different chamber
methods. With the first method, only the respiration
rate could be measured. With the second method
it was possible to measure both the respiration and
CO, fixation rate (Fig. 1).

In the first method an opaque aluminium
chamber (0.108 m?) was placed on the collar and
a series of air samples were taken from the chamber
with 60 ml plastic syringes 5, 15, 25 and 35 min
after closing the chamber. CO, concentrations in
the samples were determined in the laboratory by
gas chromatography (HP 5890 Series II, for the
analytical method see Nykénen et al. 1995) within
24 hours of sampling. Sampling was done five
times during June—September.

A transparent plastic chamber (0.108 m®) was
used in the second method. The CO,concentration
in the air in the chamber was measured with a

portable infrared gas analyser (ADC LCA 2) at
intervals of 30 seconds for a 3 minute period after
closing the chamber. Firstly, the CO, balance was
measured with the chamber uncovered and exposed
to ambient illumination. The chamber was then
removed and aerated and the respiration rate
measured with the chamber covered by a light-
tight plastic blanket. The chamber was fitted with
a cooling system to keep the air temperature within
the chamber the same as the outside temperature.
Measurements were made six times during July—
August.

Simultaneously with CO, measurements, the
solar irradiation (PAR), water table level and soil
temperature at 5, 10 and 20 cm depths in the peat
layer were measured.

Data analysis
Carbon dioxide balance and respiration rates were

calculated from the linear change of CO, con-
centration as a function of time. Data from
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Fig. 2. GNMDS ordination diagram of sample plots (n= 11)
and environmental variables in the abandoned harvested
peatland at Aitoneva. The variables (arrows) are: FIX = mean
CO, fixation rate, RES = mean respiration rate, COV = total
plant cover, WT = mean water table depth. The correlations
and p-values of variables are shown in Table 2.

Kuva 2. GNMDS-ordinaatiodiagrammi kdytostd poistetun
Aitonevan turvetuotantokentdin ndytealoista (n = 11) ja
niiden ympdristomuuttujista. Muuttujat (nuolet) ovat:
FIX = yhteytyksessd keskimddrin sitoutunut hiilidioksidi,
RES = hengityksessci keskimdicirin vapautunut hiilidioksidi, COV
= kasvillisuuden kokonaispeittivyys, WT = pohjaveden pinnan
keskisyvyys. Muuttujien korrelaatio ja p-arvo taulukossa 2.

measurements with both the aluminium and the
plastic chamber (method I and IT) were used for
respiration rate calculations, but for CO, balance
and for CO, fixation rate calculations, only data
from measurements made with the transparent
chamber (method IT) were used. The CO, fixation
rate was calculated as the sum of CO, balance
and respiration values from measurements made
directly after each other.

Vegetation data was analysed by global non-
metric multidimensional scaling (GNMDS) using
DECODA -software package (Minchin 1991). The
purpose of the analysis was to study the
compositional variation in the vegetation and its
relationship to the CO, balance. One- to five
dimensional global multidimensional scalings were
performed on the vegetation data, each with 20
random starts. In each dimensionality, minimum

stress configurations were compared with pro-
crustes analysis. The Bray-Curtis coefficient was
used as a dissimilarity measure. The mean rate
of CO, fixation and respiration, mean water table
level, species richness and total vegetation cover
were used as environmental variables. They were
fitted as vectors of maximum correlation in the
ordination spaces (Minchin 1987). A Monte-Carlo
test was used for testing the significance of the
correlations. No transformations were made to the
data.

Dependence of respiration on the environ-
mental variables was determined with a linear least
square regression analysis for each sample plot
using the SYSTAT-software package (SYSTAT
1992).

The differences in the respiration rates between
the sample plots were compared using an analysis
of covariance with respiration rate as the dependent
variable, sample plot as the factor and soil
temperature at 5 cm depth as the covariate.
Following the results of the analysis of covariance,
the similarity of a sample plot’s mean respiration
rates were tested using Tukey’s pairwise com-
parison. Analysis of covariance and Tukey’s
pairwise comparison were done with the SYSTAT-
software package (SYSTAT 1992).

RESULTS

Vegetation

A total of 20 plant species were observed on the
sample plots and the number of species ranged
from 2 to 13 in a single sample plot (Table 1).
Eriophorum vaginatum tussocks in sample plots
3 and 12 were mature and without bryophyte cover.
They belonged to tussock class IT (sensu Fetcher
and Shaver 1982). Tussocks in sample plots 1 and
13 were degenerated, covered and surrounded by
bryophytes thus belonging to tussock classes [V
and VL

A two-dimensional solution of GNMDS was
sufficient to describe the variation of vegetation
in the data. The sample plots of almost non-
vegetated surfaces (sample plots 2, 4, 5, 6, 8 and
9) were separated from the sample plots of more
densely vegetated surfaces (sample plots 1, 3, 7,
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Table . The vegetation and water table level (6.7.—24.8. 1994) of sample plots in the abandoned harvested peatland
at Aitoneva.

Taulukko 1. Kdytostd poistetulla turvetuotantokentilld, Aitonevalla, sijaitsevien ndytealojen kasvillisuus ja pohjaveden
pinnan taso 6.7.-24.8. 1994.

Sample Projection cover of plant species, % Mean water Range of water

plot table, cm table level, cm
1 70.00 Polytrichum strictum 44.1 30.0-51.0
25.00 Eriophorum vaginatum, dead tussock
0.50 Betula pendula
0.20 Polytrichastrum longisetum
0.02 Betula sp.
0.02 Drosera rotundifolia
2 1.00 Dicranella cerviculata 32.3 30.0-35.0
0.04 Eriophorum vaginatum, seedling
0.01 Betula sp.
0.01 Pohlia nutans
3 95.00 Eriophorum vaginatum, living tussock 33.6 30.0-45.0
10.00 Eriophorum vaginatum, dead tussock
9.00 Dicranella cerviculata
0.02 Betula sp.
0.02 Pohlia nutans
4 0.03 Eriophorum vaginatum, seedling 43.1 42.0-44.0
0.01 Betula sp.
5 1.00 Eriophorum vaginatum, seedling 33.6 32.0-36.5
0.01 Betula sp.
6 10.00 Dicranella cerviculata 23.6 15.0-28.0
1.00 Eriphorum vaginatum, seedling
0.01 Betula sp.
0.01 Drosera rotundifolia
7 10.00 Eriophorum angustifolium 26.5 16.0-32.0
5.00 Dicranella cerviculata
1.50 Polytrichum strictum
0.50 Polytrichastrum longisetum
0.40 Carex rostrata
0.03 Betula sp.
0.03 Eriophorum vaginatum, seedling
0.01 Drosera rotundifolia
8 15.00 Dicranella cerviculata 25.3 16.0-29.0
0.10 Eriophorum vaginatum, seedling
0.05 Polytrichum strictum
0.02 Betula sp.
9 0.01 Eriophorum vaginatum, seedling 44.1 30.0-51.0
0.01 Pinus sylvestris
10 80.00 Eriophorum vaginatum, living tussock 44.8 43.0-44.8
10.00 Eriophorum vaginatum, dead tussock
0.01 Eriophorum vaginatum, seedling
11 40.00 Eriophorum vaginatum, living tussock 26.2 24.0-33.0
40.00 Eriophorum vaginatum, dead tussock
9.00 Sphagnum russowii
7.00 Sphagnum angustifolium

(Contnd.)
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Table 1. contnd.

Sample Projection cover of plant species, % Mean water Range of water
plot table, cm table level, cm

3.00 Warnstorfia fluitans

2.00 Polytrichastrum longisetum

1.00 Polytrichum strictum

0.50 Dicranum polysetum

0.50 Pleurozium schreberi

0.10 Cladonia spp.

0.03 Dryopteris carthusiana

0.02 Bryum sp.

0.01 Aulacomnium palustre

0.01 Betula sp.

10 and 11). Sample plot 7, with a sparse Erio-
phorum angustifolium dominated vegetation, was
nearer to almost non-vegetated sample plots than
the more densely vegetated ones. Sample plots
dominated by Dicranella cerviculata (sample plots
2, 6 and 8) were separated from the sample plots
of almost bare peat surfaces (sample plots 4, 5
and 9) (Fig. 2).

The main variation in vegetation was related
to the degree of colonization (total cover). The
CO, fixation and respiration rate increased with
increasing vegetation cover. The second dimension
in vegetation variation was connected with the
water table level. Sample plots 7, 6 and 8 had
the highest mean water table level (Table 1), and
they were separated from the other sample plots
in the second dimension (Fig. 2). The correlations
and p-values of the environmental variables are
shown in Table 2.

There were more seedlings of Pinus sylvestris and
Eriophorum vaginatum in the almost non-vegetated
sample plots than in more densely vegetated sample
plots. The majority of the species showed their graetest
abundance in sample plots which were dominated
by an Eriophorum vaginatum tussock, e.g. Poly-
trichastum longisetum and Polytrichum strictum. Mire
species, such as Sphagnum angustifolium, S. russowii
and Warnstofia fluitans were observed only in sample
plot 11 with a degenerated Eriophorum vaginatum
tussock. Dicranella cerviculata, Carex rostrata, Dro-
sera rotundifolia and Eriophorum angustifolium were
most abundant in sample plots with the highest mean
water table level (Fig. 3).

CO, balance

The CO, fixation rate varied between —56 and
1869 mg m~ h™' under solar irradiation (PAR) of
between 160 and 1020 pmol m™? s™'. The CO,
fixation rate increased with increasing total
vegetation cover, with the exception that the highest
carbon fixation was measured in sample plots
dominated by a mature Eriophorum vaginatum
tussock (Fig. 4, see also Fig. 2).

The respiration rate varied between 34 and 1168
mg CO, m™? h'' and soil temperatures varied
between 8 and 22°C. The respiration rate rose with
increasing total vegetation cover (Fig. 2). The mean
respiration rate was about three times higher in
the sample plots dominated by a mature Erio-
phorum vaginatum tussock (sample plots 3 and
10) than the mean respiration rate in the sample
plots with almost bare peat surfaces (sample plots
4,5 and 9) (Table 3). Tukey’s pairwise comparisons
showed no significant differences within the more
densely vegetated sample plots in their mean
respiration rate, but they clearly differed from the
almost non-vegetated ones. Like in GNMDS
ordination, sample plot 7 with sparse Eriophorum
angustifolium-dominated vegetation and sample
plot 8 with Dicranella cerviculata were inter-
mediate between almost non-vegetated and more
densely vegetated sample plots (Table 4).

The mean CO, balance was +659 and +234
CO, m? h™! in sample plots with a mature Erio-
phorum vaginatum tussock (sample plots 3 and
10). In sample plot 11 with a degenerated
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Fig. 3. GNMDS ordination diagram of plant species in
the abandoned harvested peatland at Aitoneva. Plant
species: AULAPALU = Aulacomnium palustre,
BETUPEND = Betula pendula, BETUSP = Betula sp.
seedling, BRYUSP = Bryum sp., CAREROST = Carex
rostrata, CLADSPP = Cladonia spp., DICRCERV =
Dicranella cerviculata, DICRPOLY = Dicranum
polysetum, DROSROTU = Drosera rotundifolia,
DRYOCART = Dryopteris carthusiana, ERIODANGU =
Eriophorum angustifolium, ERIOVAG1 = Eriophorum
vaginatum seedling, ERIOVAG2 = Eriophorum
vaginatum, living tussock, ERIOVAG3 = Eriophorum
vaginatum, dead tussock, PINUSYLV = Pinus sylvestris,
PLEUSCHR = Pleurozium schreberi, POHLNUTA =
Pohlia nutans, POLYLONG = Polytrichastrum
longisetum, POLYSTRI = Polytrichum strictum,
SPAHANGU = Sphagnum angustifolium, SPHARUSS =
Sphagnum russowii, WARNFLUI = Warnstorfia fluitans.

Kuva 3. GNMDS-ordinaatiodiagrammi kéytdstd poistetun
Aitonevan turvetuotantokentdn kasvilajeista. Kasvilajit
kuten ylld.

Eriophorum vaginatum tussock surrounded and
covered by bryophytes (tussock class IV, Fetcher
and Shaver 1982), the balance was 34 mg CO,
m~h™". In all the other sample plots the respiration
was higher than the CO, fixation and the mean
CO, balance was negative (Fig. 4).

The most important abiotic factor within the
measured variables affecting the respiration rate
was the soil temperature at 5 cm depth. The
relationship was linear in the range of soil
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Fig. 4. Mean irradiation during measurements (A), mean
CO, fixation rate (B) and mean CO, balance (C) of
different surfaces (sample plots) in an abandoned
harvested peatland according to 6 measurements during
July—September.

Kuva 4. Mittausten aikainen keskimddrdinen hajasditeily
(A), yhteytyksessd sitoutunut hiilidioksidi (B) ja CO,-tase
(C) kdytostd vapautuneen turvetuotantokentdn erilaisilla
pinnoilla (ndytealat) kuuden heind—syyskuussa tehdyn
mittauksen mukaan.

temperatures prevailing during the measurements
(Fig. 5). The effect of water table level was small;
water table level did not correlate significantly
with CO, fixation (r = +0.015) or respiration
(r =-0.043).

DISCUSSION

Slow plant colonization, also observed in this
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Fig. 5. Respiration rate of different surfaces of an
abandoned harvested peatland site in relation to soil
temperature in 5 cm depth. The dashed line shows the
regression for almost non-vegetated and the solid line
that for more densely vegetated sample plots. Sample
plots 7 and 8 which belong partly to both groups according
to Tukey’s pairwise comparison were not included in the
regressions. See Table | for sample plot vegetation
description.

Kuva 5. Kaytostd poistetun turvetuotantoalueen erilaisilta
pinnoilta hengityksessd vapautuvan hiilidioksidin mddrd
suhteessa maan ldmpdtilaan 5 cm syvyydessd. Katkoviiva
esittdd regression ldhes kasvittomille ndytealoille ja
yhtendinen viiva kasvipeitteisille. Niytealoja 7 ja 8, jotka
Tukeyn testin mukaan kuuluvat kumpaankin ryhmddn, ei
ole otettu mukaan regressioihin. Ndytealojen kasvilli-
suuden kuvaus Taulukossa 1.

study, has been found to be characteristic of
abandoned harvested peatlands (Curran and
MacNaeidhe 1986, Salonen 1992). The dominance
of Eriophorum vaginatum is typical of abandoned
harvested peatlands with thick peat layer (Salonen
1992).

The most important factor influencing the CO,
balance was the presence and nature of the
vegetation. The rates of CO, fixation and re-
spiration seemed to be dependent on the com-
position of the vegetation and especially on the
different growth form of plants.

The CO, fixation was highest in sample plots
dominated by a mature Eriophorum vaginatum
tussock. It has been suggested that efficient CO,
fixation by Eriophorum vaginatum is a conse-
quence of the uniform distribution of chlorophyll
over the leaf and the presence of an intensive
lacunar system throughout the mesophyll which
provides efficient CO, diffusion into all parts of

the leaf (Kummerow et al. 1988). Eriophorum
species have arelatively deep root system (Metsé-
vainio 1931) and hence can imbibe water during
dry periods when the water level is low. The
efficient CO, fixation of Eriophorum vaginatum-
dominated vegetation may partly be a conse-
quence of this efficient water uptake. This
suggestion is supported by the fact that sparse

Table 2. The maximum correlations of environment factors
with the main variation in vegetation of the abandoned
harvested peatland at Aitoneva. For GNMDS ordination
diagram, see Fig. 2.

Taulukko 2. Ympiristomuuttujien suurin mahdollinen
korrelaatio kdytdstd vapautuneen turvetuotantoalueen
kasvillisuuden pidvaihtelun kanssa. GNMDS-ordinaa-
tiodiagrammi, ks. Kuva 2.

Variable n  Max. r P

Mean respiration rate 11 0.9006 0.000%**
Mean CO, fixation rate 11 0.8160 0.000%**
Mean water table 11 0.7951 0.000%**
Species richness 11 0.6472 0.12
Vegetation total cover I1 0.8972 0.000%**

Table 3. The mean respiration rate of samp le plots
of an abandoned harvested peatland, adjusted to a soil
temperature (at depth 5 cm) of +15.7°C by linear
regression. For description of the vegetation of the sample
plots, see Table 1.

Taulukko 3. Lineaarisen regression avulla +15.7°C maan
lampétilaan (syvyys 5 cm) sovitettu hengityksessd vapau-
tuneen hiilidioksidin keskimddrd kdytostd vapautuneen
turvetuotantoalueen niytealoilta. Niytealojen kasvilli-
suuden kuvaus, ks. Taulukko 1.

Sample plot Mean respiration S.E. n
mg CO, m2h”’
1 647.6 352 10
2 263.2 329 11
3 729.5 30.2 13
4 2539 33.1 11
5 255.1 44.6 6
6 270.6 49.1 5
7 500.8 49.1 5
8 390.7 49.0 5
9 205.2 344 10
10 690.5 344 10
11 638.4 48.8 5




Eriophorum angustifolium-dominated vegetation
also showed relatively efficient fixation. The
sample plots where bryophytes had colonized old
or dead tussocks and their surroundings exhibited
lower fixation rates than the plots dominated by
amature Eriophorum vaginatum tussock, although
they did not differ markedly from each other
according to the total vegetation cover.

The higher respiration rate in the more densely
vegetated sample plots is partly explained by the
respiration of the plants. However, the higher
respiration rate may also be a consequence of
decomposition of new carbon introduced into the
soil as a result of fixation by living vegetation.
The amount of easily decomposable organic matter
restricts microbial activity and an increase in the
amount of more easily decomposable material
causes a rise in respiration rate (Waksman and
Purvis 1932, Chase and Baker 1954, Salonius
1972). An addition of easily decomposable organic
material to soil can also increase the decomposition
of already existing organic matter within the soil
(Sgrensen 1974). The exudation of organic material
from the plant roots to the soil has been found
to have this ‘priming effect’(Coleman 1976).

Under the environmental conditions prevailing
in the abandoned harvested peatland of Aitoneva,
Eriophorum vaginatum seems to have the most
succesful growth form. Although the surfaces
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dominated by Eriophorum vaginatum had the
highest respiration rate, they were also the most
effective tixers of carbon and the only ones having
a positive CQO, balance.

Respiration rate has been found to be related
to water table level in natural ecosystems (eg.
Billings et al. 1982, Kim and Verma 1992). Despite
the fact that sample plots in this study differed
according to their mean water table level, diff-
erences in respiration rates between sample plots
were not connected with the mean water table level
(Fig. 2). Also, the variation of respiration rate
within a single sample plot was not connected with
the fluctuation of the water table. It is probable
that the water table level, which varied between
15 and 51 cm in all the sample plots during the
measurements, was sufficiently deep that the
differences had no effect on the respiration rate.

Dependence of respiration rate on temperature
has been found in peatland ecosystems (Silvola
and Heikkinen 1979, Svensson 1980, Silvola et
al. 1985, Kim and Verma 1992) and in mineral
soil ecosystems (Svensson et al. 1975). The soil
temperature influences the activity of the soil
decomposers, and thereby soil respiration.
Correlation between the soil temperature and the
respiration rate is influenced not only by biological
activity, but also by the diffusion rate (Schlesinger
1977). The increase in respiration rate with

Table 4. Matrix of Tukey’s pairwise comparison probabilities for sample plot respiration
rate adjusted to a soil temperature of 15.7°C.

Taulukko 4. Matriisi Tukeyn testin parittaisten vertailujen p-arvoista. Testissd on verrattu
nidytealojen hengityksessd vapautuneen hiilidioksidin méérad, joka on regressioiden

avulla sovitettu 15.7°C maan ldmpétilaan.

Sample plot 1 2 3 4

1.000
0.000
0.791
0.000
0.000
0.000
0.383
0.003
0.000
0.999
1.000

1.000

0.000 1.000

1.000 0.000 1.000
1.000 0.000 1.000
1.000 0.000 1.000
0.006 0.007 0.004
0.545 0.000 0.447
0.979 0.000 0.995
0.000 0.999 0.000
0.000 0.884 0.000

—_— O 0~ NN R W) —

- o

1.000
1.000
0.015
0.608
0.998
0.000
0.000

1.000

0.046 1.000

0.806 0.877 1.000

0.990 0.000 0.086 1.000

0.000 0.073 0.000 0.000 1.000
0.000 0.649 0.022 0.000 0.9981.000
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increasing temperature was steeper in the sample
plots with more dense vegetation and hence
recently bound carbon than in the almost non-
vegetated sample plots. It is suggested that
microbiological processes play a major role in the
temperature dependence of the respiration rate.

Biological processes follow exponential func-
tions in relation to temperature, and this exponential
relationship has also been found between soil
respiration and temperature in most of the studies
concerning soil respiration (Svensson et al. 1975).
In this study, the relationship was linear. During
the respiration measurements the peat temperature
varied between 8.1 and 21.8°C. Because the
increase in respiration rate is different at lower
temperatures (Svensson 1980), it seems probable
that the relationship would have been found to
be exponential in this study over a wider tem-
perature range. For this reason, the measurements
should be extended into cooler seasons.

During the long measurement period inherent
in the aluminium chamber method, the CO, content
of air within the chamber may become partly
saturated, lowering the rate of CO, diffusion. This
could cause systematically lower respiration rate
estimations than those measured with the plastic
chamber which was vented to maintain pressure
equilibrium. On the other hand, sampling of gas
from the closed aluminium chamber may cause
low pressure inside the chamber and accelerate
CO, efflux from the soil.

The mean respiration rates of almost bare peat
surfaces measured in this study were comparable
with those that Silvola and Alm (1992) measured
in a peat production field. It is possible that the
respiration rate of bare peat surfaces is quite similar
over large areas of harvested peatlands. Our data
indicates that the vegetation succession changes
the CO, balance of an abandoned harvested
peatland and that CO, balance is closely connected
with the vegetation composition and the different
growth form of plants. Salonen (1992) observed
that abandoned harvested peatlands in an early
successional stage can differ totally in the species
composition and vegetation biomass. No Sphag-
num species were found in his study sites. Studies
made in old abandoned harvested peatlands show
that fields with a high water table level have been
colonized by Sphagnum species (Lainevesi and

Tolonen 1985, Tolonen et al. 1985, Roderfeld et
al. 1994). Because of the variation in the coloni-
zation stage of the abandoned harvested peatlands
and the large spatial variation of vegetation in a
single abandoned harvested peatland, it seems that
we need to know more about the vegetation
succession of abandoned harvested peatlands
before it is possible to generalize the CO, balance
results from vegetated surfaces.
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TIIVISTELMA:

Kasvillisuus ja CO,-tase kdytosti vapautuneella turvetuotantoalueella Kihnitn

Aitonevalla

Tutkimuksessa selvitettiin kiytostd vapau-
tuneen turvetuotantokentén kasvillisuutta ja CO,-
tasetta mittaamalla erilaisten kasvillisuuspintojen
hiilidioksidinvaihtoa ja sithen vaikuttavia ympiris-
totekijoita.

Tutkimusalueena oli Kihnion Aitonevalla
(62°12'N, 23°18’E) sijaitseva turvetuotantokenttd,
jolta turpeen korjuu on lopetettu vuonna 1975.
Kentt4 on kooltaan 3,6 ha. Kentille sijoitettiin 1 1
niytealaa kasvillisuudeltaan erilaisille pinnoille.
Naytealat olivat kooltaan 0.36 m? ja ne oli ympé-
roity alumiinikauluksin. Nédytealojen kasvillisuus
kuvattiin arvioimalla kunkin kasvilajin projek-
tiopeittavyys. CO,-virtauksia mitattiin kahdella eri
kammiomenetelmalld kesd—syyskuun aikana (Ku-
va 1). Ensimmiiselld menetelmilli voitiin mitata
ainoastaan hengityksessd vapautuvan hiilidioksidin
mddrdd. Alumiinikammion ilmasta otettiin nayt-
teet, joiden CO,-pitoisuus médritettiin laborato-
riossa kaasukromatografilla. Toisessa menetel-
massd voitiin mitata sekéd hengityksessd vapau-
tuvan ettd yhteytyksessd sitoutuvan hiilidioksidin
méairaa. Lapindkyvin muovikammion ilman hiili-
dioksidipitoisuus mitattiin kannettavalla infrapuna-
kaasuanalysaattorilla. Hengityksessé vapautuvan ja
gitys- ja yhteytysaktiivisuus) laskettiin kammi-
oiden ilman CO,-pitoisuuden lineaarisena muutok-
sena ajan funktiona.

Kasvillisuuden vaihtelun ja kasvillisuuden ja
CO,-taseen vilisen suhteen tutkimiseksi néyte-
alojen kasvillisuustiedot analysoitiin globaalisella ei-
metriselld moniulotteisella skaalauksella (GNMDS).
analysoitiin lineaarisella regressioanalyysilld. Yhta-
I6iden sovittamisessa kdytettiin pienimmén nelio-
summan menetelmdi. Niytealojen vilisid eroja
verrattiin kovarianssianalyysid kdyttden. Kova-
riaattina kdytettiin maan lampotilaa 5 cm syvyy-
dessd, faktorina nédytealaa ja selitettdvdnd muut-
tujana hengityksessd vapautuvan hiilidioksidin
maArad.

Naytealoilta tavattiin ainostaan 20 eri kasvilajia
ja paljaat turvepinnat olivat vallitsevia. Kasvil-
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lisuuden valtalaji oli tupasvilla (Taulukko 1).
GNMDS:n mukaan kasvillisuuden péaivaihtelu kyt-
keytyi ldheisesti kasvillisuuden kolonisaatiovai-
heeseen (kasvillisuuden kokonaispeittivyyteen).
Toinen kasvillisuuden vaihtelusuunta liittyi poh-
javeden pinnan tasoon (Kuva 2). Hengitys- ja
yhteytysaktiivisuus korreloivat voimakkaasti kasvil-
lisuuuden vaihtelun kanssa (Kuva 2, Taulukko 2).

Yhteytyksessd sitoutuvan hiilidioksidin méara
vaihteli vililld -56-1869 mg CO2 m? h'. Mit-
tausten aikana hajaséteilyn méird oli 160—
1020 pmol neliometrille sekunnissa. Yhteytysak-
tiivisuus kasvoi kasvillisuuden kokonaispeitti-
vyyden kasvaessa. Tehokkainta yhteytys oli niilld
niytealoilla, joilla kasvoi elinvoimainen tupasvil-
lamitids (Kuva 4).

Hengityksessi vapautuvan hiilidioksidin méadra
vaihteli valilla 34-1168 mg CO, m™ h™'. Mittausten
aikana turpeen lampétila (—5 cm) oli vililld 8-
22°C. Hengitysaktiivisuus kasvoi kasvillisuuden
kokonaispeittivyyden kasvaessa ja oli tupasvillai-
silla ndytealoilla 1dhes kolminkertainen kasvipeit-
teettomiin niytealoihin verrattuna (Taulukko 3).
Tukeyn testi erotti kasvipeitteiset ja lihes kasvi-
peitteettdmét niytealat toisistaan niiden keskimaa-
rdisen hengityksessd vapautuvan hiilidioksidin
madrin perusteella (Taulukko 4)

Ainoastaan niilld niytealoilla, joilla kasvoi
tupasvillamétis, yhteytyksessa sitoutuneen hiili-
dioksidin miérd oli suurempi kuin hengityksessi
vapautuneen. Kaikilla muilla ndytealoilla CO,-tase
oli negatiivinen (Kuva 4).

Niytealojen viliset hengitysaktiivisuuden erot
eivit olleet sidoksissa pohjaveden pinnan tasoon,
vaikka nidytealat erosivat toisistaan pohjaveden
pinnan tason suhteen (Kuva 2). Pohjaveden pinnan
tason vaihtelu ei selittdnyt ndytealan sisdistd hengi-
tysaktiivisuuden vaihtelua.

Merkittdvin hengitysaktiivisuuteen vaikuttava
abioottinen tekijd oli maan lampétila S cm syvyy-
dessd. Hengityksen ja lampétilan vélinen suhde oli
lineaarinen mitatulla ldmpétilavalilla 8.1 ja21.8°C
(Kuva 5).
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