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1 INTRODUCTION

11. Site type classification and timber
production capacity in relation to
physical and chemical properties
of soil

Variations in the ground vegetation and
productivity of sites belonging to a relatively
uniform climatic region are mainly deter-
mined by the direct growth factors, and
primarily by the availability of water and
nutrients in the soil (cf. FIEDLER et al. 1973).
A site type classification based on measuring
the various growth factors must thus, to a
hight degree, reflect the influence of these two
factors. Efforts to explain differences in stand
growth  from the point of view of soil
properties were done with some success al-
ready by SCHUTZE (1871) and von FALKEN-
STEIN (1912). Site classification in Finland
was seen in a new light after CAJANDER
(1909, 1918) had introduced his theories
concerning forest site types/peatland site
types. Indeed, the concept of site type was
soon considered to be a satisfactory measure
for site quality. In addition, on this basis it
was possible to group sites for more detailed
examination. VALMARI (1921) studied soil
chemical properties of a number of site types,
and when the analysis values were grouped
according to the Cajanderian forest site
types, a reasonable relationship could be
shown with the ignition loss, the total amount
of electrolytes as well as with the amounts of
calcium oxide and nitrogen. ILVESSALO
(1923) later related the above mentioned soil
properties to the corresponding stand in-
crement data and among the macronutrients
found the following correlations with in-
crement in pine stands:

nitrogen N  r=0.607£0.085
calcium oxide CaO  r=0.587%0.094

These studies were continued by AALTO-
NEN (1926, 1929, 1937) and VIRO (1947,
1951), but without resulting in either a further
development of the Cajanderian site types or
in an alternative classification based on
measurements of soil properties. URVAS and

ERVIO (1974) have presented a summary of
chemical and physical tests made from forest
soil samples collected in connection with a
national soil survey currently in progress.
When grouping the research material by
forest site type, a logical relationship was
obtained with soil texture, nitrogen content,
and with extractable nutrients (ammonium
acetate, pH 4.65). However, the variation
within the site types was considerable.

The studies mentioned concern mineral
soils, but the site type classification has been
applied also to peatland sites (CAJANDER
1913). Indeed the peatland site types, the
number of which greatly outnumber mineral
soil site types, have received considerable
investigation. Studies regarding biology,
forest productivity and drainage profitability
have been made (e.g. LUKKALA 1929, 1937,
VAHTERA 1955, HEIKURAINEN 1959, KELTI-
KANGAS & SEPPALA 1966, HUIKARI & PAAR-
LAHTI 1967, SEPPALA 1968, 1969, PAAR-
LAHTI et al. 1971). The emphasis of the above
mentioned studies has been the utilization of
peatlands for forestry, particularly in the
regulation of soil water and its beneficial
effects. The relationship between site type and
the chemical propertes of peat have been
examined, but not as comprehensively as
might be expected when considering the
extent of forest drainage in Finland. By
analysing the surface peat from 50-year old
and younger forest drainage areas, VAHTERA
(1955) was able to show a relatively good
relationship between peatland site type and
degree of acidity, as well as the total contents
of nitrogen and calcium. However, it proved
impossible to classify the sites included
in the investigation on the basis of the soil
data obtained. On the whole, similar results
were obtained by HEIKURAINEN (1953) on
eutrophic pine mires in north Finland and,
under  comparable circumstances, b
HOLMEN (1964), HAVERAAEN (1969) and
VALK (1973).

The above discussion concerns total
contents of one or more of the nutrients:
nitrogen, phosphorus, potassium, clacium
and magnesium. The problem becomes
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rather more complicated if one tries to
establish a relationship between extractable
fractions of nutrients, i.e. plant available
nutrients in peat, and site quality. HOLMEN
(1964) found a tendency towards negative
relationships between ammonium lactate
extractable phosphorus and potassium in
eat and stand characteristic,. MANNER-
KOSKI (1978) also reports a comparable result
when using acid ammonium acetate (pH 4.65)
as an extractant. PAARLAHTI et al. (1971)
found weak correlations between stand
growth and ammonium acetate (pH 4.65)
extractable macronutrients in the surface
peat, but no correlations with the fractions
extractable in hot 2-N hydrochloric acid.
STARR and WESTMAN (1978) observed after
extracting with 0.05-N  sulfuric acid a
tendency towards a relationship between site
and the nutrient levels of the peat, in
particular when expressing the analysis results
in absolute amounts, i.e. kilograms of
nutrient per hectare.

When assessing the fertility of a site one
must also bear in mind the supply of micro-
nutrients. HUIKARI (1974) suggests that tree
growth disturbances on certain drained
peatlands are due to a lack of micronutrients.
BRAEKKE (1977) points out that particularly
boron and manganese deficiencies may
result in serious growth disturbances; the
symptoms of which have been described by
RAITIO and RANTALA (1977).

To summarize, one can say that in the case
of both mineral soils and organic soils the
relationship between the chemical — physical
properties of soil, the surface vegetation, and
productivity of the site has not yet been
sufficiently clarified. A contributory reason
for this is surely the great heterogeneity of soil
(e.g. GJEMS et al. 1967, TROEDSSON & TAMM
1969, TROEDSSON & LYFORD 1978 WEST-
MAN 1977). By analysing a large number
of samples one can arrive at average
values of soil properties which satisfactorily
agree with site quality index classifications.
Even so, the variation within a site quali?'
class is considerable and it is, therefore, dif-
ficult to locate an individual site at the
appropriate point in a series of sites using
only soil data. In mineral soils part of the
variation can be attributed to soil texture, e.g.
Oxalis-Mpyrtillus site type may appear on soils
of quite different particle-size distribution

(URVAS & ERVIO 1974). In case of organic
soils difficulties have arisen from the
comparisons being made between far too
different site types. Sometimes even soil
improvement measures such as drainage and
fertilization have been included in studies,
and this has surely increased variation. The
importance of the choice of analytical method
must not be underestimated either, particu-
larly if different extracting methods are
used.

12. Aims and general outline of the
study

The aim of this study is to clarify the
relationship between soil fertility and the
timber production capacity of a number of
Finnish peatland site types defined by a
vegetation continuum. The connection be-
tween the concept of site type and the physical
and chemical properties of the substrate is
established. External habitat factors affecting
within site type variation of soil properties are
examined. Finally a predictive mathematical
model is derived to explain site quality index
on the basis of soil data.

Some of the problems arisen in investi-
gations on the soil — vegetation — produc-
tivity relationships can be eliminated gy using
the concept forest site type/peatland site type
(CAJANDER 1909, 1918). Peatland site types,
by their great number compared to mineral
soil site types, greatly facilitate the study of
site  fertility — vegetation interactions.
Sensitivity to habitat conditions is already
reflected in basic division of peatlands into
treeless and tree covered sites cr::lssiﬁed by the
dominant tree species. Further, throught the
very definition of the peat forming process
the physical and chemical properties of the
substrate are determined by the composition
and properties of the ground vegetation and
vice versa.

Developing from the assumption that the
ground vegetation and stand productivity of a
site series within a relatively uniform climatic
region are related to a hydrological and a
nutrient gradient, it is possible to place the
Cajanderian peatland site es in a two
dimensional space deﬁned[yEy these two
gradients (e.g. HEIKURAINEN 1972, 1979).
Accordingly, one can in such a co-ordinate

system distinguish site series, the hydrology of
which is rather uniform and which shows a
continuous change in the amount of nutrients
available in the substrate. One such group is
made by the Scots pine (Pinus sylvestris)
growing sedge mires, which includes the
small sedge pine mire, the ordinary sedge pi-
ne mire and the herb-rich sedge pine mire.”®

This series present a continuum in which
the vegetation of the ground layer shifts from
one that is relatively poor in species number
and dominated by white mosses (Sphagnum)
and sedges, to one with abundance of species
including meso-eutrophic mosses as well as
sedges, grasses and herbs. Productivity studies
have also shown that the stand development
on these sites after drainage, when the
hydological conditions are optimized or at
least no longer the growth limiting, correlates
well with the trophic status of these site types
(LUKKALA & KOTILAINEN 1951, HEIKURAI-
NEN 1959, 1979, HEIKURAINEN & HUIKARI
1960). By restricting the study to such a series
it should be possible to clarify the relation-
ship between growth of Scots pine and the
nutrient status of soil.

A further reason for investigating the sedge
mire series mentioned above is the fact that
the nutrient content in peat from, in partic-
ular, the small sedge mires approaches the
minimum requirement levels for tree growth.
After drainage nutrient contents are at a
premium and thus the relationships between
stand development and the fertility of peat
should be clear.

According to FIEDLER and NEBE (1963)
and LENTSCHIG (1965) the quickmethods
used in agricultural chemistry are less suitable
for evaluating the nutrient status of forest
soils. Since stand development stretches over
a long period of time, the total nutrient
content in soil is probably the better indicator
for site fertility. In this respect peat soils_oﬂ'er
a certain advantage compared to mineral
soils. In peat the nutrients are bound or
absorbed in organic forms, thus the relation-
ship between total contents and plant supply
through the mineralization can be expected
even more direct than in mineral soils.

" The concept sedge mire has been used for the
vegetation associations studied and parallels the concept
sine swamp (see HEIKURAINEN 1972, 1979). To simp-
[il’v. the smﬁz,r pine mires studied will here after be retered
10 as sedge mires.
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Further, a pure peat sample is less compli-
cated to analyse tﬁan a mineral soil sample as
the former is comparable to plant material
and the total content of nutrients can be
obtained with relative ease.

The study at hand sets out from the
hypothesis of a relationship between the
nutrient content of surface peat and the
species composition of the peat forming plant
community. Which nutrients affect, or are
being affected by, the surface vegetation is of
particular interest. Physical properties such as
the structure of the peat is of importance
when examining the hydrology of organic
soils (cf. PAIVANEN 1973). However, the
hydrology of organic soils is beyond the
scope of this study and, actually, the site types
included theoretically do not in this respect
differ from each other. On the other hand,
through the mere nature of the peat forming
process the physical properties of the organic
matter are subjected to a continuous change
and may show certain site dependence. Thus
relationships between such soil properties
and site type cannot be excluded despite the
hydrological uniformity within the site series
and will be taken into account in the study.

Within site type relationships between the
various soil properties will be discussed. In
cases with logical correlations, the in-
dependent variable will be used as a co-
variate when evaluating the relationship
between the dependent soil habitat and the
site type. In addition within site type variation
in soil properties can arise from fully in-
dependent external factors such as micro-
topography of the mire plane?, depth of the
peat layer and geographic factors. In
particular mineralogy of underlying bedrock
and mineral soil as well as macroclimate can
be considered important. Influence of the
former can possibly be seen in the regional
occurence of various site types. Variations in
the climate are expressed in the regional
peatland complexes described by RUUHI-
jARVl (1960) and EUROLA (1962). On the
contrary, among the “Peadand site s no
climate dependent differentiation can be seen
as is the case with the mineral soil site types
(cf. CAJANDER 1949, LEHTO 1969). This is
somewhat confusing since the biological

? j.e. the flat surface between hummocks and hollows,
which forms the majority of the mire area.



8 C. J. Westman 1981

decomposition processes in organogenic soils
are more or less climate dependent.
As a consequence the decomposition of
organic matter and thereby particularly
nutrient mineralization are considerabl

slower in north Finland than in the south (dy.
MIKOLA 1960, LAHDE 1974). In particular
the nitrogen economy creates an increasing
limiting growth factor along with less favour-
able climate (ANTTINEN 1951, SALONEN
1958, PESSI 1966, MOLLER 1971, SEPPALA &
WESTMAN 1976).

When examining the processes on the basis
of the composition of the plant community,
i.e. the nutrient balance of soil under
comparable vegetation types, the following
relation to macroclimate is conceivable.
Under favourable climatic conditions
nutrient mineralization is faster than under
less favourable conditions. As a consequence,
a smaller amount of nutrients can be expected
sufficient for supplying a nutrient cycle
satisfying the needs of the plants. On the

other hand, a constant nutrien uptake by a
similar type of ground vegetation under less
favourable climatic conditions requires
higher nutrient amounts in the substrate.

Converting the soil nutrient contents into
absolute amounts on the basis of bulk density
data creates a basis for evaluating the
conditions for continuous timber production
on the sites studied. The difficulty in this
study is to produce stand data for
comparisons. Due to excess water, the tree
stand on the virgin peatlands in question
is very sparse. The basic assumtion in this
investigation is that the nutrient supply
in soil is decisive for stand development only
after the regulation of soil water. As it is thus
not possible to procure any specific data for
post drainage growth on the single sample
plot, the site quality index by HEIKURAINEN
(1973a) will be taken to illustrate the mean
timber production potential of the virgin
sites.

2 MATERIAL AND METHODS

21. Sample plots

The research material was collected from a
number of virgin sedge mires from all over
the country (Figure 1). In north Finland,
peatland areas were preliminary selected on
the basis of a map-based reconnaissance of
regions rich in peatlands. In central and
south Finland known peatland preservation
areas as well as areas to be drained in
1975—76 were preliminarly selected. During
the field sampling, carried out in summers of
1974 and 1975, the areas were systematically
checked. Altogether 51 sedge mires in virgin
conditions were accepted and classifield
according to CAJANDER (1913) and HEIKU-
RAINEN (1968). In these areas 168 temporary
sampling points were randomly laid out. An
additional 30 sample points are included,
selected randomly onm amongst 200 perma-
nent sample points on two fairly uniform
sedge mires, a herb-rich and an ordinary
sedge mire (see WESTMAN 1977). The sample
points are distributed between the tree site
types as follows:

Herb-rich sedge mire 47 points
Ordinary sedge mire 107 "
Small sedge mire 44 7

In addition to the general site classification,
a detailed description of the ground vegeta-
tion from a 0.5 m? circular area surrounding
the sampling point was made. Percentage
cover of each species present was estimated.
Using the sample point as a centre for a
relascope sample plot, the basal area of each
tree species present was measured. In the
relascope sample plot the diameter at breast
height (d,,) and the height (h) of one
dominant tree was recorded. Corresponding
data was obtained for the randomly chosen
permanent sample points although ) the
ground vegetation in this case was described
from 1 x 1 m quadrats. "

It is beyond the aim of this investigation to
go into detail regarding the plant socnolog{cal
observations. However, to give a general view
of the ground vegetation of the site types

studied, the mean percentage coverage and
frequency of the plant species within the three
peatland site types are presented in Table 1.
The nomenclature applied follows that of
HAMET-AHTI et al. (1977) and KOPONEN et
al. (1977). As the composition of the ground
vegetation within the site type may vary
according to the prevailing macroclimate the
sample plots were divided into two climatic
regions using the annual accumulative tem-
{)erature of 1050 degree days for allocation
of. KOIVISTO 1970, HEIKURAINEN and
SEPPALA 1973).

l22 E 130°E
r—
N
[e— e
60° N
1 1

Figure 1. Location of the peatland areas studied.
Filled circles indicates sites with annual accumu-
lative temperature higher than 1050 degree days,
open circles sites of 1050 degree days or less. The
two areas marked with arrows have been used for
intensive studies on peat heterogeneity (Westman
1977); the additional sample points mentioned in
text originate from these.
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Table 1. Species composition of the ground vegetation on the sites studied. Data is given for two climatic
regions, the annual accumulative temperature of 1050 degree days is used for allocation of the sample
plots, N = the northern region and § = the southern region.

Mean coverage, per cent Fequency, per cent
Species Herb-rich Ordinary Small Herb-rich Ordinary Small

sedge mire | sedge mire | sedge mire | sedge mire | sedge mire | sedge mire

N S N S N S N S N S N S

Sphagnum warnstorfii 6 - - - - - 14 - = = = =~
S. subsecundum + + + - - - 14 29 4 = - -
S. girgensohnii 1 - - - - - 14 - - - - -
S. riparium 4 —_ + - - 29 38 - 3 = =
S. "recurvum” ') 60 60 60 68 40 46 86 100 98 100 91 87
S. lindbergii - - - - 2 - - - - - 12 -
S. cuspidatum - - 5 6 22 30 - - 27 32 37 62
S. rubellum - - - - 1 - - - - - 9 -
. russowit 11 3 4 4 5 - 71 15 29 17 15 -
S. fuscum - - 2 + 14 4 - - 7 3 44 12
. magellanicum 2 2 12 5 4 10 29 5 68 33 15 37
S. papillosum 4 15 11 9 4 8 29 46 39 25 15 37
Polytrichum strictum - + - 1 1 - - 3 - 22 12 -
P. commune - 2 + + = = - 18 16 7 -
Aulacomnium palustre + + + 1 - - 14 9 2 8 o -
Pleurozium schreberi - - - + 1 - - - - 8 6 -
Calliergon stramineum + + + + - - 14 15 7 5 - -
C. cordifolium - - - + - - - - - ] - -
Drepanocladus spp. + + 8 - + 1 14 3 9 - 3 1
Mnium spp. - + + - - - - 8 7 - - -
Mpylia anomala - - + + + + — - 2 2 6 12
Eriophorum latifolium + + + + - - 14 3 7 3 - -
E. vaginatum 1 8 10 18 10 25 14 51 79 80 82 87
Scirpus hudsonianus 1 - - - - - 14 - - - -
S. cespitosus = - + &= 5 2 = = 11 32 12
C. chordhorrhiza 7 3 2 + - 57 20 14 3 - -
C. lasiocarpa 1 15 15 13 - + 43 69 68 68 - -
C. rostrata 7 5 6 14 + + 43 51 52 53 6 12
C. vaginata - + - - - - - 3 - - - -
C. magellanica + + + + + - 15 3 9 2 6 -
C. limosa + + + + 1 - 14 3 14 3 15 -
C. ecchinata + + + + - - 14 23 2 3 - -
C. cannescens + = - - - o 14 - - - - -
C. nigra - + + 2 - + - 15 7 8 - 12
C. globularis - - + - + - - - 7 - 3 -
C. pauciflora 4+ § 0+ 6  + 57 3 70 8 56 12
Molinia caerulea 1 - + - - - 14 - 2 - - -
Festuca spp. 1 1 - + - -~ 8 2 - 5 - -
Melampyrum spp. - + + + - - - 8 2 3 - -
Calamagrostis spp. + + + - - - 8 14 3 - - -
Selaginella selaginoides * = = - = - 14 - - - - -
Equisetum palustre 5 - + - - - 57 - 2 - - -
E. fluviatile 3 5 + + - - 71 67 14 10 - -
Scheuchzeria palustris + - + + 6 4 14 - 18 8 32 25
Dactylorhiza spp. - - - + - - - - - 2 - -

') angustifolium and others.

Table 1. Continue.
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Mean coverage, per cent Fequency, per cent
Species Herb-rich Ordinary Small Herb-rich Ordinary Small
sedge mire | sedge mire | sedge mire | sedge mire | sedge mire | sedge mire
N S N S N S N S N S N S
Hammarbya paludosa - + - = = = _ 3 — — i k5
Drosera spp. 3 + + - + 2 29 5 16 5 50 M2
Potentilla erecta 1 1 = - = = 14 3 — — - °
P. palustris 7 5 - - — = 43 31 — — - T
Rubus chamaemorus + + 1 3 7 6 57 3 11 22 47 62
Epilobium palustre - + - - — — - 15 - — — -
Tnientalis europaea + + - + — — 14 5 - 2 - -
Menyanthes trifoliata 19 26 5 3 - 2 71 87 32 15 - 12
Viola palustris + + - + - - 14 15 - 2 s =
Peucedanum palustre - + - 1 - - - 26 - - - -
Betula nana 5 + 8 5 2 - 57 3 75 38 44 -
Calluna vulgaris - - * - 1 - = = 2 = 3 ==
Vaccinum uliginosum + + 1 3 5 - 14 3 18 22 41 =
V. myrtillus - + - - - = = 10 = = = =
V. vitis-idaea + + - + + - 14 26 - 3 3 -
V. occycoccos &
microcarpon 14 8 11 18 7 27 100 79 91 83 100 62
Andromeda polifolia + 10 9 9 17 86 8 93 55 91 100
Ledum palustre 1 + + 3 + - 29 10 7 20 15 -
Empetrum nigrum - + + 2 7 3 - 3 7 17 44 12
Chamedaphne calyculata - + + + - 4 - 5 9 7 - 37

The mean basal area by tree species of the
sample plots has been calculated (Table 2).
The average breast height diameter and
height of the dominant trees are given in Ta-
ble 3. Evidently, the tree stand on the sites
studied prior to regulation of soil water by
drainage is quite sparse.

In addition to the above mentioned plant
sociological observations, the depth of
the peat deposit was determined to a

maximum of 1.5 m, and it was observed
whether the sample point was located on the

mire

plane' or on a clearly distinguishable

hummock, the height of which was registered.
Sample points falling on hollows such as flarks
were systematically rejected.

From the centre of each temporary samp-
ling plot two peat samples of 0.75 dm?®

! See Page 7.

Table 2. Mean basal area of the tree stand on the sample plots.

Basal area, m¥/ha

Site type

Pine') Spruce?) Birch?) Total
Herb-rich sedge mire 6.3+0.8 0.8+0.2 6.0£0.7 13.1+1.3
Ordinary sedge mire 1.9+0.3 A4 0.740.3 2.740.5
Small sedge mire 0.6+0.2 Y| - 0.7+0.2

') Pinus sylvestris
?) Picea abies (L.) Karst.
%) Betula pubescens and other hardwoods
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Table 3. Properties of the dominant tree as well as mean basal area of the tree stand on sample plots were the dominant
trees (tree stand) occure.
Diameter Height, Basal Number
Tree species') at breast cm area, of plots,
height, cm m?/ha per cent
Herb-rich sedge mire
Pine 12.2+0.7 8.4+0.4 10.940.1 69
Spruce - - 1.740.1 =
Birch 11.1+1.9 9.0£0.9 15.8%0.1 22
Ordinany sedge mire
Pine 8.91+0.7 5.7+0.3 4.710.1 55
Spruce - - - —
Birch 10.0£0.6 7.7+1.3 12.30.1 3
Small sedge mire
Pine 8.8+0.9 5.7+0.5 3.8%0.1 31
Spruce 3.0 4.0 <0.5 2
Birch - = = =
') see table 2.

volume each were taken from the layers: 0—10
and 10—12 cm. The samples were extracted
with a slightly conical cylinder having a saw-
toothed cutting edge, and placed in polythene
bags. The sealed bags were kept unfrozen for
one to five days during the field working peri-
od, whereafter these were frozen (—20°C) to
await further sample treatment.

22. Chemical and physical analyses

Laboratory treatment of the material began
with weighing the frozen peat samples. After-
wards they were dried in an aerated oven ata
temperature of 25-30°C, re-weighed and
milled using a hammer mill fitted with a
# 2 mm bottom sieve. The remaining moisture
content was determined by drying 5-10 g
sub-samples for two hours at a temperature
of 105°C. On the basis of these weighings the
bulk density as well as the fresh weight and
the water content at the time of sampling
could be calculated.

The ash content was determined by ashing
at ca 250°C and thereafter igniting at 550°C
for two hours.

In order to define the degree of decompo-
sition the volume weight of organic matter
was determined according to P'YAVCHE-
NKO (1958):

d = 4 x (100 — w) x (100 — a)
L =

10 000
d = density of homogenized sample under pres-
sure (1 kp/cm?)
w = water content (per cent)
a = ash content (per cent)
d, = volume weight of organic matter, (g/cm?)

Converting this value into a humification
percentage has not been deemed necessary, as
this would only mean including average
coefficients dependent upon the peat type.

The degree of acidity and electric conduc-
tivity were determined from a 1:2.5 (V/V)
peat-water suspension according to VUORI-
NEN and MAKITIE (1955). The pH of the
suspension was measured with a double glass
electrode after standing for 24 hours. The
electric conductivity was measured from the
same suspension and expressed in micro-
siemens centimetre ( xS-cm).

The effective cation exchange capacity was
determined by extracting a 4 g sample with
200 ml 1-N KCI (cf. KAILA 1971, NOMMIK
1974). From aliquots, calcium and magne-
sium were determined by titration with
NaEDTA and hydrogen and aluminium by
titration with sodium hydroxide (HEALD
1965, McLEAN 1965), the sum of these ions
expressing the effective cation exchange
capacity of peat. Base saturation was calcu-
lated by expressing the proportion of calcium
plus magnesium ions as percentage of the
total effective cation exchange capacity.

The nitrogen content was determined by
the macro Kjeldahl method. In the digestion
a catalyst mixture of Na,SO, and Se, 133 mg
and 0.83 mg respectively per millilitre added
H,SO, was used. Ammonium nitrogen was
distilled from the diluted digest in a modified
Parnas-Wagner apparatus, and the distillate
titrated with 0.01-N H,SO, (BREMNER 1965).

The contents of total phosphorus, potas-
sium, calcium and magnesium were deter-
mined by a somewhat simplified analysis for
plant material. A peat sample was ashed and
ignited as above, and the residue dissoloved
in hot 0.5-N HCI upon a water bath. From
this solution were determined phosphorus
with the molybdenum-blue method (KAILA
1955), potassium photometrically with an EEL
flame photometer, and calcium and magne-
sium using atomic absorption spectro-
photometry (PERKIN-ELMER AA 303).

23. Statistical methods and computa-
tions

To establish the relationship between the
site types studied and soil properties in
question the material was firstly divided
according to site type and peat layer; mean
values and standard errors were then calcu-
lated. The stratified material was subjected to
a two-way analysis of variance. In the cases
where the variation between the classes
formed was statistically significant, the mean
values were compared in pairs by a Student-
Newman-Keul’s test. In a few cases one-way
analysis of variance and t-test only were
applied (SNEDECOR & COCHRAN 1968,
SOKAL & ROHLF 1978, MAKINEN 1974).

Due to the non-normal distribution within
the classes, the variables were in several cases
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ransformed prior to statistical testing, the
most usual transformation being a loga-
rithmic transformation and in a minor
number of cases a square root trans-
formation. An additional effect of the trans-
formations was that the within class variance
was made practically independent of the
magnitude of the mean. When deciding about
the transformations, checking of frequency
diagrams was supported by calculating
variation coefficients and testing the variances
in pairs (SNEDECOR & COCHRAN 1968,
WEBSTER 1977).

The results of these statistical tests are
marked in the mean value tables with letter
combinations as follows: Values not differing
from each other at 5 % risk level are marked
with the same letter. The comparison is made
in pairs, proceeding from the value marked
with an underlined letter.

The general relationship between the
variables studied is shown by the help of
simple correlation analysis. In cases with
logically  meaningful ~ correlations, the
regression model is calculated and the
independent variable is used as a co-variate in
the above described analysis of variance of the
dependent variable. External factors affecting
soil properties were checked partly by further
classifying of the material prior to analysis of
variance and partly by simple correlation and
regression analysis (SNEDECOR & COCH-
RAN 1968, KORHONEN 1978).

The relationship between soil fertility and
timber production capacity of the sites was
studied by transforming the concept of site
?pe, which in the first place is a classifying

iscrete variable, into a continuous index as
follows (HEIKURAINEN 1973a).

Vi X aj

Site quality index =
mally 1000

where

vi = fertility index

aj = locality index.

The following fertility indices (vi) were
applied for the site types included:

Herb-rich sedge mire 70
Ordinary sedge mire 50
Eriophorum vaginatum sedge mire' 40
Small sedge mire 30

! Only a minor number of sites which usually were in-
corporated in the class ordinary sedge mire.
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The locality index (a;) for the single sample
plot was calculated by inserting in the fol-
lowing formula (HEIKURAINEN & SEPPALA
1978) the annual accumulative temperature as
independent variable:

logY = —0.4148 + 0.00321X — 10.47 x 1077X?
R? 0.527.

I

The procedure differs from the one sug-
gested by Heikurainen (1973a) so that the
formula used does not give the general
relationship between relative increment and
macroclimate, but is specific for pine
growing peatlands. The motive for this is that
the dominant tree species on the sites in
question is pine.

Firstly, the relationships between the site
quality index and the absolute amount of
each macronutrient was established. Finally, a

multiple regression model (SNEDECOR &
COCHRAN 1968, KORHONEN 1978)

Y=2aX, +aX,...+apXp + C

was derived with the site quality index as
dependent variable (Y) and the absolute
amounts of macronutrients and annual
accumulative temperature as independent
variables (X, — Xp). In checking the weight of
each independent variable in the model,
simple correlation and partial correlation
analysis was used (SNEDECOR & COCHRAN
1968).

In practice, the statistical analyses
were performed with library programmes
provided by the Computing Center of the
University of Helsinki (HYLK/HYLPS 1977,
KORHONEN 1978).

3 RESULTS AND DISCUSSION

31. Physical and chemical properties
of the surface peat from the site
types studied

31.1 Variables and the relationships between
them

In this study the following soil proper-
ties are measured and will de discussed:

Bulk density, volume weight of organic matter,
ash content, acidity, electric conductivity, effective
cation exchange capacity, degree of base satura-
tion, total contents of nitrogen, phosphorus, po-
tassium, calcium and magnesium.

The three first mentioned can bee seen as
purely physical factors, while the nature of the
others is more or less chemical.

Before going into a detailed examination of
the individual variables and their site
dependence, it is advisable to discuss the
relationship between them. The simple
correlation coefficients calculated layerwise

(0-10 cm and 10—20 cm) for the entire
material are presented in Table 4. In a
number of cases there are significant and even
strong correlations, some of which were
expected. For example, the correlations
between calcium and magnesium contents,
calcium content and acidity as well as degree
of base saturation, bulk density and
volume weight of organic matter can be
explained by analytical factors or general
chemical and mineralogical relationships. In
addition both the bulk density and the
volume weight of organic matter are corre-
lated with nutrient contents and cation
exchange capacity of peat. These correlations
for the cation exchange capacity and potas-
sium content are negative, while they are
positive in the other cases. Considering that
the data for the nutrients forming the basis
for the correlation matrices are concentration
values (mg/g), these relationships are of partic-
ular interest and probably due to differences
in the humus matter forming the peat.

In this study it is hypotized that there exists
some form oz dependence between site type

Table 4. Simple correlations between the soil variables primarly measured.

Correlations in the ]
0—10 cm layer, § . g
n=192 z | = = 2 ] o
Cor- E] ;‘:..c g S E = E £ E
relations in = 3 e 5 3] 3 ;‘1" 'g. g % a
the 10-20 cm layer, = = = 3 wd b -] e s K. &
n=165 a 2 |sS|2|ER|s|c|&]|Z2|E£|&2|8]=
Bulk density 0.42 031 0.09 0.29 -0.42 035 062 045 —-064 0.26 0.18
Vol.w. org. matter 0.68 0.87 0.26 0.26 —0.04 0.19 0.59 0.43 —0.14 0.23 —0.04
Ash content 0.20 0.24 0.40 0.40 —0.05 0.39 0.61 0.42 —0.15 041 0.30
pH 0.16 0.17 0.47 0.29 046 035 037 0.27 0.24 050 0.48
Electric cond. 0.12 0.27 032 0.238 —-0.09 049 038 040 0.00 0.46 0.42
C.E.C. -0.52 —0.85 —0.10 0.16 —0.16 0.00 —0.25 —0.21 0.58 0.10 0.13
Base saturation 0.25 033 032 063 035 0.04 0.41 0.46 —0.19 0.81 0.68
Nitrogen 0.60 0.66 0.49 042 0.23 —0.26 0.42 0.62 —0.834 0.37 0.19
Phosphorus 0.41 045 047 0.26 0.37 —0.33 039 0.57 -0.16 0.45 0.36
Potassium -0.85 —0.19 0.11 0.34 0.00 0.42 0.07 —0.06 —0.03 -0.10 0.01
Calcium 0.13 0.19 031 069 032 0.15 078 035 031 0.10 0.78
Magnesium —-0.07 0.09 0.29 053 039 0.16 056 0.12 021 0.15 0.72
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Table 5. Simple correlations between the soil variables primarly measured in peat from the herb-rich sedge mires.

Correlations in the g
0—10 cm layer, E ] g

n=46 = 50 = E -E_ 2 g

Cor- g El:|518|:]|32

relations in < z § § S ? ? '7';. z % i

the 10—20 cm layer, - = £ - g wd Z k= 2 2 = S

n=26 ' a3 |l<€|la|g |||z |x |&]|0]|=
Bulk density 0.19 0.23 031 0.30 —0.22 0.49 048 0.31 —0.60 0.24 0.23
Vol.w. ()rg.-man('r 0.78 0.42 0.55 0.01 0.26 —0.17 0.53 0.39 0.13 0.27 -0.11
Ash content -0.16 0.22 0.38 0.30 0.12 0.14 058 0.19 -0.01 0.05 —-0.02
pH 0.08 0.09 0.16 0.37 0.60 0.07 056 050 0.29 0.59 041
Electric cond. —0.26 —0.06 0.16 0.11 —0.01 0.20 036 0.14 002 0.12 0.25
C.E.C. -0.29 -0.23 0.15 045 0.07 —0.26 —0.08 0.08 0.54 036 0.25
Base saturation 0.33 0.47 —0.46 0.48 —0.22 0.30 0.03 —0.14 —0.48 047 0.33
Nitrogen 0.39 0.38 030 0.19 =0.01 0.10 0.02 0.46 —0.16 0.14 —0.02
Phosphorus —0.85 —0.835 0.05 —0.43 —0.10 —0.17 —0.49 0.14 0.16 0.09 0.24
Potassium -0.57 —0.56 0.29 0.23 0.14 0.3¢ —0.23 —0.13 0.08 0.13  0.15
Calcium —0.10 —0.05 —0.23 0.66 —0.06 0.65 0.63 0.07 —0.33 0.16 0.57

Magnesium —0.44 —0.37 0.04 0.25 0.24 0.58 0.28 0.04 0.03 020 0.3
Table 6. Simple correlations between the soil variables primarly measured in peat from the ordinary sedge mires,
Correlations in the
0—10 cm layer, ) £

=104 | z = E - z B =

e : Sl: |5 ¢ :

relations in - 3 2 " 3 & = | & ¢

the 10—20 cm layer, ﬁ: ;E N _E : Z _é_ _g E.r,

n=96 2] < a w &} @ .4 [ [ =
Bulk density 0.34 0.13 —0.16 —0.12 —0.60 —0.04 0.55 0.40 —0.65 —0.10 —0.10
Vol.w. ()rg<‘ma[ter 0.50 0.27 —=0.01 0.20 —0.19 0.05 0.60 0.40 —0.17 0.14 =0.25
Ash content 0.19 0.32 0.44 —0.04 0.07 0.19 047 0.22 —=0.11 025 0.13
pH 0.07 0.13 0.46 —0.01 0.47 040 0.18 0.03 0.24 051 048
Electric cond. 0.10 0.28 0.32 0.11 —0.02 0.14 —0.08 0.01 0.21 0.23 0.12
C.E.C. —0.54 —0.24 0.00 0.21 —0.15 0.28 —0.27 —=0.24 0.51 0.25 0.27
Base saturation 0.07 0.20 0.29 0.52 0.33 0.04 0.16 0.18 —=0.03 0.75 0.58
Nitrogen 051 0.62 053 0.37 0.11 —0.23 0.32 0.54 —0.41 0.12 —0.06
Phosphorus —0.51 0.57 0.42 0.17 0.23 —-0.26 0.24 0.53 -0.25 0.20 0.05
Potassium —0.28 —-0.01 0.17 0.40 —0.07 0.39 0.12 0.04 —0.07 -0.04 0.10
Calcium —0.07 0.05 0.28 0.60 031 0.27 0.72 0.16 0.14 0.14 0.77

Magnesium —0.13 —0.23 0.283 0.51 035 0.17 0.54 —0.04 —0.02 0.17 0.72
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Table 7. Simple correlations between the soil variables primarly measured in peat from the small sedge mires.

Correlations in the g
0—10 cm layer, E i £
" 5 = s = B o
Cor- A z ;" § § g = g g
relations in = : _E-; 2 G 3 Ea‘c —;:_ é §
the 10-20 cm layer = ..g = T Z o z E 8 :_% E
n=43 2 > < a. ] o = z = o =
Bulk dt‘nsit_v 0.64 0.05 —0.29 0.07 —0.22 0.05 0.66 0.44 —0.52 —0.09 —0.48
Vol.w. of org. matter 0.87 0.02 —-0.26 0.58 0.10 0.12 0.50 0.43 —0.26 0.05 —0.32
Ash content —0.11 —0.13 0.14 048 —0.31 0.09 0.28 0.08 —0.09 0.13 0.00
pH -0.33 —-0.32 0.14 0.06 0.60 0.38 0.00 —0.37 0.55 0.30 0.41
Electric cond. 0.18 0.27 —-0.15 —0.01 0.20 0.13 0.10 0.30 0.27 0.11 0.07
C.EC -0.51 —0.47 —0.38 0.42 —0.20 0.21 —0.15 —0.27 0.59 0.15 0.35
Base saturation —0.02 —0.01 0.06 0.49 —0.18 0.04 0.04 0.14 0.22 0.71 0.52
Nitrogen 0.70  0.70 —-0.02 —0.02 0.17 —0.34 0.10 0.43 —0.24 0.00 —0.28
Phosphorus 0.36 0.44 0.31 —0.29 0.24 —0.56 0.09 0.50 —-0.21 0.14 -0.19
Potassium —0.36 —0.32 —0.17 0.53 —0.28 0.63 0.08 —0.21 —0.33 0.10 0.46
Calcium —0.18 —0.12 0.05 0.45 —0.15 0.18 0.60 0.03 —0.17 0.10 0.71
Magnesium -0.35 -0.33 0.28 0.32 —0.02 0.24 0.32 —0.25 —0.23 0.05 0.67

and edaphic growth factors. One may there-
fore assume that relationships between the
individual soil properties and the site type
affect the correlation coefficients given in
Table 4. If the same correlations calculated
separately for each site type (Tables 5, 6, 7) are
digferent from the overall correlations (Table
4), dependence upon site type is indicated.
However, a detailed examination of these

correlations will be presented when dis-
cussing the single variables in the following.

31.2 Bulk density and degree of decomposition

In this investigation the bulk density as well
as the fresh weight of peat at the time of
sampling were determined. The bulk densities

in the 0—10 cm layer vary between 15 and 152
g/dm?® and in the 10—20 cm layer between 25
and 158 g/dm?® (Figure 2). PAIVANEN (1973)
presents for slightly to medium humified
Sphagnum and Carex peat bulk densities
from 0.037 to 0.113 g/cm?® and from 0,054 to
0.141 g/cm®, respectively. In comparison with
these values, the smallest bulk densities

obtained in this investigation are somewhat
lower. This is explained by the fact that living
plant material was included in the samples
which reduces the bulk density, in par-
ticular, in the upper layer. The highest iso-
lated values (Figure 2) can be attributed to the
inclusion of wood remains in these samples.

The mean values calculated by site type

W 1T

Herb-rich sedge mire, peat layers 0-10 and 10-20 cm

ORI 1
N T 1 | 1 0

Ordinary sedge mire, peat layers 0-10 and 10-20 cm

(TTT AR R A | N

Small sedge mire, peat layers 0-10 and 10-20 cm

(A i | |
O 11 0 (o Y B B
25 50 75 1?0 1?5
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1 s

NI |

Bulk density, g/dm3

Figure 2. Bulk density of the peat samples.
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Table 8. Mean bulk densities of the peat samples.

Bulk density, g/dm*
Peat layer Herb-rich Ordinary Sﬂ\d“.
sedge mire sedge mire sedge mire
8.9 +1.4 o +27
0-10cm 615 572 322 4 b 366 55 b
6.0 +2.4 R +33
10-20 cm 870 ¢ 6 541 T5gac 553 137 a c

and layer (Table 8) do not indicate any
differences in comparison with PAIVANEN’s
(1978) results. The data given by HOLMEN
(1964) for corresponding sites are somewhat
higher than those obtained here. The last
mentioned study concerns, however, an old
drained peatland area, where changed hydro-
logical conditions and increased stand weight
have affected the density of peat.

The logarithmically transformed bulk
densities classified according to site type and
layer were tested with a two-way analysis of
variance, which shows significant variations
between site types as well as peat layers:

Model of Between Between Inter-
variance site types layers action

F-value 86.65%** 24.97*** 34.54*** 1.17
Degrees of
freedom 5,851 4,351 3,351 2,351

Significance testing of the class mean values
(Table 8) indicates that the differences
between the sites are limited to the herb-rich
sites, where the bulk density of peat in both
layers is significantly higher than in peat from
the two other site types. The difference is of
the magnitude 60—80 per cent.

The fact that the herb-rich sites in this
respect differ from the two other types could

be attributed to a higher degree of humifi-
cation as well as to a higher proportion of
woody remains in the peat. On the basis of
Tables 2 and 3 it can be established that the

< tree stand on the herb-rich sites is much

better developed than that on the ordinary
and small sedge mires.

Peat from the lower layer in all cases shows
a significantly higher bulk density than that
from the upper layer (cf. e.g. ISOTALO 1951).
The magnitude of the increase varies between
40 and 70 per cent.

The mean fresh weight of peat at the time
of sampling is shown in Table 9. The values
vary in the 0—10 cm layer between 5138 g/dm®
and 676 d/dm*® and in the 10-20 cm layer
between 779 g/dm® and 877 g/dm®, which is
equivalent to a water content from 48 to 64
and from 72 to 79 volume percentage in the
upper and lower layers, respectively. The high
proportion of air-filled pores is surprising
because of the high precipitation in the
summer of 1974 (HEINO 1976, Meteorologi-
cal Yearbook . . .). Most of the samples to be
analysed were collected in August that year.
From hydrological point of view this data is
of minor value. However, when determining
in particular extractable fractions of plant
nutrients in peat, water loss due to sample
treatment is a possible source of error.

Table 9. Mean fresh weight of the peat at the time of sampling.

Fresh weight, g/dm?*
Peat layer Herb-rich Ordinary Small
sedge mire sedge mire sedge mire
0—10 cm 623+28 513422 676+37
10—20 cm 877424 779+15 843420
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Figure 3. Degree of decomposition of the peat samples given as volume weight of organic

matter (P'yavchenko 1958).

The degree of decomposition of peat was
examined on the basis of the volume weight
of organic matter. The values measured in the
0—10 layer range between 0.026 g/cm® and
0.297 g/cm® and in the 10—20 cm layer between
0.090 g/cm?® and 0.428 g/cm® (Figure 3). The
mean values calculated varied in the upper
layer between 0.137 and 0.165 g/cm® and in the
deeper layer between 0.171 and 0.244 g/cm?®
(Table 10), and agree with those presented by
SARASTO (1960) for slightly and medium
humified peat, 0.110 and 0.8380 g/cm®.

After logarithmic transformation of the
volume weight of organic matter differences
between the classes were tested with a two-
way analysis of variance:

Model of Between Between Inter-
variance site types layers action

F-value 21.87°%% 9.91"*% .. 28.08"** . 218
Degrees of
freedom 5,342 4,342 3,342 2,342

There appears a significant variation
between both the site types and the layers
studied. Examination of the means shows
similar differences between the site types as
for the bulk density. Close agreement
between the bulk density and the volume
weight of organic matter is expected in
organic soils of such low ash content (see ch.
31.8). However, the coefficients for the

Table 10. Mean degree of decomposition of the peat samples expressed as volume weight of organic mat-

ter (p’yavchenko 1958).

Volume weight of organic matter, g/cm®
Peat layer Herb-rich Ordinary Small
sedge mire sedge mire sedge mire
0—-10 cm 0.16510.006 a 0.143+0.004 b 0.137+0.006 b
10-20 cm 0.244+0.010 0.182+0.005 a ¢ 0‘1711323(',3 ac
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Figure 4. Ash content in the peat samples.

correlation between these two variables,
calculated by layer for the entire material, are
surprisingly low, 0.42*** and 0.68*** in the
upper and lower layers (Table 4). This can be
explained by the fact that most of the peat
samples were slightly to medium humified
and that the volume weight of organic matter
is an artificial measure for the degree of
decomposition.  Consequently the bulk
density of peat is a better overall variable, and
will be used in the following when discussing
the degree of decomposition of the peat.

31.3 Ash content

The ash content of peat varies in the 0—10
cm layer from 0.9 to 26.0 per cent and in the

Table 11. Mean ash content of the peat samples.

10—20 cm layer from 1.4 to 17.5 per cent.
According to the frequency diagrams, Figure
4, values exceeding 11—12 per cent can be
considered extreme. The isolated ash content
of 26 per cent refers to a site with a noted
eutrophic ground vegetation. Analyses of
micronutrients in this case show a very high
content of iron. Other high ash data can
probably be explained in a similar manner,
i.e. an enrichment of nutrients by overland
flow of water rich in minerals, which results in
an eutrophic ground vegetation. Wood
remains, which are rich in ash compared to
Carex and Sphagnum peat components (e.g.
PAIVANEN 1978), may also have contributed
to the high values.

The mean ash contents were calculated
after classifying the material according to site

Ash content, per cent
Peat layer Herb-rich Ordinary Small
sedge mire sedge mire sedge mire
+0.39 +0.21 +0.23
0-10cm 8.0 _g372 43 g2 b 8.1 g2 ¢
+0.51 +0.23 +0.24
10—-20 cm 7.9 _g48 a 45 999 b 38 _pog ¢

?'pe and peat layer (Table 11). The values range
rom 3.1 to 8.0 per cent in the 0—10 cm layer
and from 8.3 to 7.9 per cent in the 10—20 cm
layer and agree well with values given by
PAIVANEN (1973) for Sphagnum, Carex and
woody peats, the mean ash content of these
peat types being 3.0, 4.7 and 8.6 per cent, res-
pectively. SARASTO (1960) also reports, by
peat type, values of the same magnitude. Al-
though the stratification in this study was do-
ne according to site type there is reason to as-
sume that the composition of the peat formed
by these plant communities corresponds to a
shift from Sphagnum-Carex peat towards woo-
dy peat (cf. Tables 1-3).

VAHTERA (1955) found that the mean
content of ash is 5.2 per cent in peat from
ordinary sedge mires and 7.0 per cent in peat
from herb-rich sedge mires, i.e. almost
exactly the same values as obtained in this
study. Peat from sites corresponding to small
sedge mires had ash contents of more than
eight per cent. This discrepancy is explained
by secondary factors such as overland flow of
surface water containing minerals. The
explanation is somewhat peculiar as one
would expect that the surplus of minerals
would have an eutrophying effect on the
surface vegetation.

A two-way analysis of variance after
logarithmic transformation of the ash
contents shows that there is no difference
between the two peat layers but the variation
between the site types is statistically signifi-
cant:

Model of Between Between Inter-
variance site types layers action

F-value 31.14*** 38.89*** 0.38 0.16

Degrees of
freedom 5,342 4.342 3,342 2,342

Significance testing of the means (Table 11)
shows that the ash content increases gradually
in both the layers in the site series from the
small sedge mires to the herb-rich sedge
mires. The increase is between the two less
fertile site types of the magnitude 35—40 per
cent and between the two more fertile 75—85
per cent. Thus, the ash content is more than
doubled from the small sedge mires to the
herb-rich sedge mires.
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This clear tendency towards increasing ash
content is of interest as the ash is considered a
guide to site quality (e.g. KIVINEN 1948, VAH-
TERA 1955, HOLMEN 1964). Accordingly,
significant correlations between the ash
content and the degree of acidity, electric
conductivity, exchangeable bases as well as
with the contents of nitrogen, phosphorus,
calcium and magnesium are obtained (Table
4). However, in most cases the coefficients are
rather low, exceeding 0.40 only for the degree
of acidity and the contents of nitrogen and
phosphorus.

The relationship between ash content and
acidity can be expected as both the variables
are overall factors reflecting the site fertility.
Of the pure mineral elements, which should
directly impinge on the ash content of the
peat, only calcium in the upper layer gives a
coefficient higher than 0.40 (Table 4). This
result is somewhat surprising compared
against the clear positive relationship between
site quality and average ash content (Table 11),
and the trends shown by the contents of
calcium and magnesium in peat (see ch. 1.9,
31.10). On the other hand, the sum of the
highest calcium and magnesium observations
corresponds to an ash percentage not higher
than 1.2.

The relatively strong correlations between
ash content and contents of nitrogen and
ghosphoms, both of which are organically

ound, deserves further attention. In the case
of phosphorus the relationship may be a
result of correlation between both the
variables and site quality, which assumption
is supported by the low coefficients in Tables
5—7. In the case of nitrogen the relationship
seems much clearer. Even when calculating
the correlation matrices separately for each
site type (Tables 5—7) significant coefficients
are obtained for the two more fertile site

(YPCS.

81.4 Degree of acidity and electric conductivity

The pH in peat from the sites varies within
rather a limited range, from pH 8.7 to 5.6 in
the 0—10 cm layer and from pH 3.6 to 5.8 in
the 10—20 cm layer (Figure 5), however, most
of the observations are below pH 5.0.
Corresponding to active acidity (SCHEFFER
& SCHACHTSCHABEL 1976) the pH values
found must be considered low, but are
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Figure 5. Active acidity (pHH o) of the peat samples.
2

associated with the peat forming plant
community, which is both conditioned by,
and results in, a high hydrogen ion concen-
tration in the soil (cf. KIVINEN 19382, 1933).

When calculating by layer mean acidities for
the three site types (Table 12) and comparing
to those reported by VAHTERA (1955), it
appears that the values for the herb-rich and
ordinary sedge mires are practically identical,
while the average pH for small sedge mires
according to VAHTERA (1955) is surprisingly
high (4.5). This result can probably be linked
to the high ash contents in the peat from these
poor sites as discussed in the previous
chapter. Thus, one may suggest that the here
observed average pH (4.07-4.18) better
describes the soil acidity of the small sedge

Table 12. Mean active acidity of the peat samples.

mires. HOLMEN (1964) gives for old drained
pine mires even somewhat lower pH values
than those reported here. This can be due to
the sites in question having originally been
somewhat less fertile than sedge mires.
SEPPONEN et al. (1978) have investigated a
number of peatlands in north Finland, both
drained and undrained, giving pH values for
small sedge mires and ordinary sedge mires
varying from pH 8.9 to pH 4.6.

The change in pH from the small sedge
mire to the herb-rich sedge mire is in the 0—10
cm layer, 0.34 pH units and in the 10—20 cm
layer, 0.56 pH units. Although the difference
between the most and least fertile site type is
rather small, when taking into account the
logarithmic nature of the pH scale, the

Active acidity, pH

H,0
Peat layer Herb-rich Ordinary Small
sedge mire sedge mire sedge mire.
0-10 cm 4.5240.04 a 4.30+0.04 b 4.1840.04 ¢
10—20 cm 4.63+0.07 a 4.2440.04 b 4.0740.04 ¢

hydrogen ion concentration is halved in the
former case and reduced to a forth in the
latter.

A two-way analysis of variance of the pH
values shows a statistically significant
variation between the site types, while the pH
does not seem to be affected by the sampling
depth:

Model of Between Between Inter-

variance site types layers action
F-value 16.04*** 18.84*** 219 2.40
Degrees of
freedom 5,351 4,351 3,351 2,351

As the pH value is already a transformed
concentration value and as its distribution
within the site types approaches normality
(Figure 5), further transformations of the
primary data was not considered necessary.
Significantly different mean values clearly
show that the pH increases along with
increasing quality of the site. This trend is
somewhat more pronouced in the lower than
in the upper layer, but the difference cannot
be statistically shown.

Within the recorded pH range, the
hydrogen ion concentration of soil probably
litde affects the physiological processes of
Scots pine (cf. e.g. BENZIAN 1965). Neverthe-
less, the pH determination is of considerable
interest. What is known of soil chemically,
biologically and even physically is in many
respects linked to the pH and its variations
(JANSSON 1978). As is apparent (Table 4), the
pH is significantly correlated with all the
variables included. With the exception of
potassium in the 0—-10 cm layer, the coeffi-
cients are throughout positive. However, the
correlations are in general weak, coefficients
higher than 0.40 were obtained in both layers
only for the ash content and the calcium and
magnesium contents and for the cation
exchange capacity in the 0—10 cm layer as well
as for the nitrogen content in the 10-20 cm
layer. Calcium gives the highest coefficients,
0.69 and 0.59, in the lower and upper layers
respectively. The connection between pH and
calcium is known long since; the complicated
mechanism was already described by KOTILAI-
NEN (1927). Also HOLMEN (1964) has proved
a relationship between pH and both the ash
content and the nitrogen content. The site
amplitude in Holmen’s study is considerably
broader than here and therefore general
relationships of the above type appear much
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more clear. Overall site variables, such as pH,
do not necessarily reflect the variation of
single direct plant factors when the range of
site types is limited as is the case in this study.
The fact that the pH, in spite of weak general
relationships within the site series (Table 4), is
correlated with most of the soil proper-
ties appears from Tables 5—7. The corre-
lations with the cation exchange capacity,
degree of base saturation and even with the
content of plant nutrients are relatively clear
in a number of cases, but are strongly
influenced by multicolinearity between the
different variables.

The electric conductivity of the peat can be
seen from the frequency diagrams in Figure 6.
The values in the 0—10 cm layer range from 79
t0 460 4 S- am and in the 10—20 cm layer from
67 to 265 uS- cm. Compared with electric
conductivity indices given by PUUSTJARVI
(1978) for horticultural peat, the figures
obtained here are naturally considerably
lower. SEPPONEN et al. (1978) have measured
in peat for undrained or recentg' drained
sedge mires in north Finland electric
conductivities between 15 and 35 u S. These
low values are most likely due to the data
being recorded from soil water from fresh
peat samples, while the measurements in this
study were made up from homogenized
samples. HOLMEN (1964) gives specific
conductivities between 387.8 and 107.4
# ohm™ c¢m™! for peat from two drained
mires, the data in this case being reduced
conductivities, which involves eliminating the
contribution of the hydrogen ions to the
conductivity (SJORS 1948, MALMER 1962a,
1962b).

In spite of a considerable variation, particu-
larly within the herb-rich sedge mires, Figure
6 indicates a tendency towards increasing
conductivity from the poor to the fertile site.
The mean electric conductivity has been
calculated by site type for boz the layers
(Table 138). A two-way analysis of variance of
the classified material shows significant
variations between the site types as well as
between the two layers:

Model of Between Between Inter-
variance site types layers  action
F-value 56.54*** 45.88*** 387.25°** 16.87°***
Degrees of
freedom 5,851 4,851 3,351 2,351
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Figure 6. Electric conductivity of the peat samples.

It appears that there exists also a significant
interaction between the classifying variables,
which affects the interpretation of the results.
If F-ratios free from this interaction are
calculated, the variation between the classes
turns out to be non-significant. The dif-
ferences between the means are thus a result
of the electric conductivitl reacting differently
to the classifying variables depending on
which class the mean value belongs to. An
effort to eliminate this interaction was made
by applying different transformations.
Although its F-ratio could be somewhat
lowered, the effect remained.

Significance testing of the mean values
shows that the total content of electrolytes in

Table 18. Mean electric conductivity of the peat samples.

peat increases in the site series from the small
sedge mires to the herb-rich sedge mires.
Thus electric conductivity is doubled in the
0—10 cm layer and increased by a half in the
10—20 cm layer. However, in the lower layer
the difference between the two more fertile
site  types cannot be statistically shown.
Consequently, it seems as if the total content
of electrolytes fairly well parallels the pH
gradient of the site series. This tendency was
also noted by HOLMEN (1964). Further, in all
the site type classes the electric conductivity
decreases significantly from the upper to the
lower layer. The change is of the magnitude
20 per cent in peat from the two less fertile
site types and as much as 40 per cent in peat

Electric conductivity, ee/.S.cm
Peat layer Herb-rich Ordinary Small
sedge mire sedge mire sedge mire
0—10 cm 259+13 178+4 1836 a b
10—-20 cm 153+7 a 14544 b 108+4

from the herb-rich sedge mires.

Like the soil pH, the electric conductivity is
an overall site factor. By following its
fluctuations it is possible, according to
PUUSTJARVI (1973), to control the nutrient
supply in horticultural peat for green-house
cultivation. When examining the relation-
ships between the electric conductivity and
other site factors (Table 4), a significant
correlation with most of the variables
included in this study appears. The coeffi-
cients are low throughout, being higher than
0.40 only in a few cases, i.e. phosphorus,
calcium and magnesium. The two latter
nutrients are of particular interest. Since a
relatively large proportion of the total
content of these is in exchangeable form
(KAILA & KIVEKAS 1956), they can be expected
to contribute to the electric conductivity of
the peat. If this is determined by the ions in
soil solution, then one would expect a
correlation also with potassium, as this
element is particularly mobile in peat soils
(STARR & WESTMAN 1978, WESTMAN 1979a,
MANNERKOSKI 1980). However, no correla-
tion is found, a discrepancy which probably is
due to low potassium contents. On the other
hand electric conductivity is sensitive to mea-
suring conditions (HOLMEN 1964), and
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thus not a particularly reliable variable for
characterizing a site.

31.5 Cation exchange capacity and degree of base
saturation

The effective cation exchange capacity of
peat in the 0—10 cm layer falls between the
extremes 14.4 and 57.6 m.e./100 g and in the
10—20 cm layer between 12.9 and 58.1 m.e./100 g
(Figure 7). The means calculated by site type
for both layers range between 29.6 m.e./100 g
in the lower layer from the herb-rich sedge
mires and 36.8 m.e./100 g in the upper layer
from the small sedge mires (Table 14).
SCHEFFER and SCHACHTSCHABEL (1976)
give 150 m.e./100 g as an average potential
cation exchange capacity for peat from raised
bogs. Since the exchange capacity within the
pH range 4—7 increases linearily by 50 m.e.
per pH unit (HELLING et.al. 1964), the effec-
tive cation exchange capacities in sedge mire
peat is of the same magnitude and possibly
somewhat higher. For comparison, it can be
mentioned that NOMMIK (1974) found in for-
est soil raw humus, a mean effective cation
exchange capacity of 26.8 m.e./100 g. Similar
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Figure 7. Effective cation exchange capacity of the peat samples.
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Table 14. Mean effective cation exchange capacity of the peat samples.

Effective cation exchange capacity, m.e./100 g
Peat layer Herb-rich Ordinary Small
sedge mire sedge mire sedge mire
0—10 cm 33.9+1.03 ad 36.1+0.77 bde 36.8+1.10 ¢de
10—20 cm 29.6+2.01 a 34.440.89 b f 35.5%1.17 cf

data has been obtained by WESTMAN (1974)
with profiles from a Myrtillus type pine forest.

Possibly the cation exchange capacity
decreases somewhat with increasing fertility
and from the upper to the lower peat layer
(Table 14). The differences between the three
site types and the two peat layers are,
however, rather small. A two-way analysis of
variance shows that there exists no statistically
significant variation between the two layers,
while the variation between the site types is
significant.

Model of Between Between Inter-
variance site types layers action

F-value 8.05%%¢- . 2.171°* 2.16 0.45

Degrees of
fregzlf)em 5,851 4,351 3,351 2,351

Significance testing of the means reveals
that the differences exist in the 10—20 cm layer
only. The exchange capacity in peat from the
herg-rich sedge mires is considerably lower
than in peat from the two other sites. This
weak relationship between cation exchange
capacity and site quality can be interpreted so
that the capacity of peat to absorb ions does
not make a growth limiting factor. In this case
additional information of the relationship
between the cation exchange capacity and site

e could possibly be obtained by studying

e so-called boundary line (WEBB 1972, SIMAN
1978). This involves the drawing of conclu-
sions about a relationship between two vari-
ables on the basis of a line lying at the edge
of a scattered body of data.

The correlations between the effective
cation exchange capacity and the other site
‘variables further iﬁusn‘ate the relationship
between exchange capacity and site type. The
coefficients in a number of cases are statisti-

cally significant (Table 4), but exceed 0.40
only for bulk density and potassium content
in both the layers and for soil pH in the 0—10
cm layer. The latter relationship is easily
understood considering that the dissociated
carboxyl radical in organic coils is the most
important component in the exchange
system. The dissociation is the more complete
the higher the soil pH is (cf. HELLING et al.

n T T T
° * Herb-rich sedge mire o s
Ordinary sedge mire © ®
i "
|50 05 * "o * Small sedge mire -l

Effective cation exchange capacity, m.e./100g

Peat layer 10-20 cm " e -
310 elo - 120

Bulk density, g/dm?3

Figure 8. Scatter diagrams by layer showing the
relationship between bulk density and effective
cation exchange capacity. For the mathemetical
models see Table 15.
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Table 15. The regression models for the relationship between bulk density (X) and effective cation exchange

capacity (Y).
Regression Analysis of
variance
Peat layer
Constant Regr. coeff. T-value R? d.f. F-value
0—10cm 42.201 —0.1448 1.79%%* 0.242 1,190 60.69°°*
10—-20 cm 43.690 —0.1497 7.69%** 0.266 1,163 59.15°°**

1964, SCHEFFER & SCHACHTSCHABEL
1976, GREENLAND & HAYES 1978). The
relationship between the potassium content
and the exchange capacity will be dealt with
later on (ch. 81.8).

The negative relationship between effective
cation exchange capacity and bulk density is
of interest. The relationship is illustrated
by linear regressions as presented in Figure 8
and Table 15. An explanation must most
likely be sought in the relative propor-
tions of the humus fractions in the peat.
GREENLAND and HAYES (1968) generally
state that, the content of oxygen in humus
material decreases along with increasing
degree of decomposition. This involves
reducing acid character of the organic
matter and thus both the degeree of acidity
and the cation exchange capacity decrease.
The same general causality is also given b
SCHEFFER and SCHACHTSCHABEL (1976)
with reference to OGNER and SCHNITZER,
who have found that in particular fulvic acids
contain functional organic groups rich in
oxygen. Characteristic of this humus fraction
is that it is an initial product in the
decomposition process and is formed espe-
cially when the biological activity in the soil is
low. On this basis the negative correlation
between exchange capacity and bulk density
could be explained by the increasing degree
of decomposition with increasing bulk
density (cf. e.g. PAIVANEN 1973).

The question then remains why there does
not exist a comparable connection between
exchange capacity and the volume weight of
organic matter, which is supposed to be a
measure of the degree of decomposition. A
definitive answer cannot be given on the
vasis of this material, but in general, the rela-
tionship between the bulk density and the
volume weight of organic matter is unclear
(Tables 4—7). The volume weight of organic

matter is an artificial variable and as such not
a particularly good site factor (see ch. 81.2.).
The relationship between the cation
exchange capacity and the bulk density is
relevant when examining as above, the
exchange capacity of peat by site type. When
using the bulk density as a co-variate in the
previous model of variance, there exist no
differences even between the site types:

Model of Between Between Inter-

co-vari- Site types layers action
ance
F-value 21.89*** 1.21 1.36 0.31
Degrees of

freedom 6,349 4,349 3,349 2,349

The significantly lower exchange capacity
in peat from the 0-10 cm layer from the
herb-rich sedge mires (Table 14) can conse-
quently be explained by the high bulk density
of peat from this site type (Table 8).

In this study the effective cation exchange
capacity is calculated as the sum of exchange-
able calcium, magnesium, aluminium and
hydrogen. The percentage ratio of the two
former elements to the total exchange
capacity measures the degree of base
saturation. The content of exchangeable bases
in the 0—10 cm layer ranges from 24 to 79 per
cent and in the 10—20 cm layer from 22 to 86
Eer cent (Figure 9). Base saturation degrees as

igh as 70—80 per cent can possibly be
considered erroneous. However, with the
exception of the lower layer from the herb-
rich sedge mires, base saturations up to 80
per cent are frequent in peat from the two
more fertile site types. A plausible reason for
this can be found in the cation exchange
capacity determined being effective and also
in the calcium and magnesium balance of the
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Figure 9. Degree of base saturation in the peat samples.

peat from these sites (see ch. 31.9—10).
A considerable proportion of the total
content of these two elements in the peat is in
an exchangeable from (STARR & WESTMAN
1978). Thus, the acid cations do not neces-
sarily dominate in the exchange complex as is
the case when potential exchange capacity is
determined (cff.) NOMMIK 1974). The high
degrees of base saturation are consistantly
associated with high contents of calcium in
peat.

Average degrees of base saturation are
given in Table 16. The values in the upper
layer vary between 385.2 and 61.9 per cent and
in the lower layer between 35.0 and 50.6 per
cent. A rather clear tendency towards an
increasing proportion of basic cations in the
exchange system with increasing fertility can

be seen. A two-way analysis of variance gives
a statistically significant variation between the
site types, while the two layers do not differ
from each other:

Model of Between Between Inter-
variance site types layers action

F-value 44.84*%* 55.56*** 0.83 1.24
Degrees of
freedom 5,851 4,351 3,351 2,851

Testing of the differences between the means
shows that the site types in this respect differ
significantly from each other. Consequently,
the degree of base saturation follows the site
quality gradient characterizing the site series
studied. Set against the content of calcium

Table 16. Mean degree of base saturation in the peat samples.

Base saturation, per cent
Peat layer Herb-rich Ordinary Small
sedge mire sedge mire sedge mire
0—-10cm 61.9+1.43 a 43.0%1.17 b 85.2+1.21 ¢
10—-20 cm 50.6+8.06 a 44.4%+1.32 b 35.0%1.00 ¢
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Figure 10. Total content of nitrogen in the peat samples.

and magnesium in peat (ch. 81.9—10) and the
pH gradient shown in the previous this
relationship is logical.

The method used to determine the effective
cation exchange capacity of peat is relatively
simple. NOMMIK (1974) emphasizes that the
contribution of potassium and sodium ions
to the cation exchange capacity of forest soil
raw humus is of the magnitude 9—10 per cent.
On the basis of STARR's and WESTMAN'’s
(1978) and WESTMAN’s (1979a) studies, the
exchangeable potassium in peat from the sites
examined here, in the 10—-20 cm layer vary
between 0.7 and 1.7 m.e./100 g. The effective
cation exchange capacity in the lower layer
has, therefore, been underestimated by
between 2 and 4.5 per cent. In the upper layer

the error is probably somewhat more
pronounced, since the potassium contents
there are considerably higher (see ch. 31.8).
The error is, however, clearly smaller than
that given by NOMMIK (1974). The difference
to be expected is natural since, on one hand,
potassium content of peat is limited and, on
the other hand, the raw humus is influenced
by the underlying mineral soil.

31.6 Total content of nitrogen

The total content of nitrogen in peat from
the site types studied can be seen in the
frequency diagrams in Figure 10. The data
vary from 5.5 mg/g to 31.8 mg/g nitrogen and
from 4.5 mg/g to 32.5 mg/g nitrogen in the

Table 17. Mean total content of nitrogen in the peat samples.

Total content of nitrogen, mg/g
Peat layer Herb-rich Ordinary Small
sedge mire sedge mire sedge mire
0.63 :
0-10cm 168 Toe; 2 1182032 b 100 0%
+1.82 +0.49 +0.76
10-20 cm 217 _'og 154_g 47 2 125 _072 b
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upper and lower layers respectively. The
lowest values were measured in samples from
the small sedge mires, while the highest are
individual observations from the ordinary
sedge mires.

The average nitrogen contents in peat
from the three site types have been calculat-
ed by layer (Table 17). The values in the
0—10 cm layer range between 10.0 mg/g
and 16.8 mg/g nitrogen and between 12.5
mg/g and 21.7 mg/g nitrogen in the 10—-20
cm layer. Agreement with the results obtained
by HOLMEN (1964) for comparable sites is
relatively good, although both the means and
the variation within the site types given above
are somewhat higher. The differences can be
expected to arise from the sites examined by
HOLMEN (1964) originally being somewhat
less fertile and spread over a more limited site
amplitude than the sedge mires. Possibly also
the forest drainage carried out on Holmen’s
experimental field has affected the soil
Eroperties. VALK (1978) and DAMMAN (1978)

ave found similar nitrogen contents in peat
from ombrogenous mires. HEIKURAINEN
(1953) gives total nitrogen contents from 12.0
to 26.5 mg/g nitrogen in peat from eutrophic
pine mires in north Finland.

A tendency towards increasing nitrogen
content in peat from the upper to the lower
layer and in the site series from the small
sedge mires to the herb-rich sedge mires can
be seen (Figure 10 and Table 17). An analysis
of variance after logarithmic transformation
of the nitrogen contents shows that the
variation between the site types as well as
between the two layers is statistically signifi-
cant:

Model of Between Between Inter-
variance site types layers action

F-value 83.47*** 30.63*** 20.28*** 0.12
Degrees of
freedom 5,350 4,350 8,350 2,350

Significance testing of the means (Table 17)
reveals that the assumption of a relationship
between nitrogen content and site type as well
as peat layer is true. The increase in nitrogen
parallels the productivity (quality gradient) of
the sites, being 10—20 per cent from the small
sedge mire to the ordinary sedge mire and as
much as 40 per cent from the ordinary sedge

mire to the herb-rich sites. The trend must be
considered important.

According to VAHTERA (1955) the nitrogen
content in peat from corresponding site types
is between 19 and 20 mg/g nitrogen, the higher
value relating to peat from herb-rich sedge
mires and the lower to peat from ordinary
sedge mires. HOLMEN (1964), on the other
hand, gives average nitrogen contents of 7.5
mg/g and 17.0 mg/g nitrogen in peat from
Pinus-Ledum-Pleurozium and Pinus-Vaccinium-
Myrtillus-Pleurozium associations respectively.
The values are somewhat lower than those
found here, but clearly indicate, despite the
small number of observations, a positive
relationship between nitrogen and site
quality.

The connection between depth of sampling
and total content of nitrogen is well known
(ISOTALO 1951, HOLMEN 1964, PAKARINEN
& TOLONEN 1977, DAMMAN 1978). Since this
study is limited to a 20 cm deep profile
divided into two layers only the increase in
nitrogen content is consistent, being 25—35
per cent (Table 17). This change can in all
probability be attributed to increasing humi-
fication which occurs along with greater
depth (cf. Tables 8, 10). According to ISOTALO
(1951) the nitrogen content of Sphagnum peat
increases from 0.77 to 1.72 per cent when the
degree of humification rises from von POST
(1922) scale H1 to H8. The corresponding
values for Carex peat are 1.78 and 2.43 per cent
nitrogen for H5 and H9 respectively. The
change, which on average is 1—1.5 mg nitrogen
per von POST (1922) scale degree of
humification, is due partly to a relative
increase in resistant organic compounds such
as lignin and proteins, and partly to the
increase in bulk density taking place in the
decomposition process.

The correlation between the content of
nitrogen in peat and both the bulk density
and the volume weight of organic matter is
statistically = significant showing relatively
high coefficients (Table 4). As there is also
within the individual site types clear
correlations (Tables 5—7), it might be worth
clarifying how the nitrogen content is affected
by the bulk density. Because of theoretical
considerations the volume weight of organic
matter has been left out of this examination
(see ch. 31.2).

When using the bulk density as a co-variate

in the model of variance composed above,
one finds that the F-value for the whole
model increases and that its degree of
explanation rises to over 50 per cent:

Model of Between Between Inter-
co-vari- site types layers action

ance

F-value 58.35%** 13.93*** 4.65*** (.78
Degrees of
freedom 6,349 4,349 3,349 2,349

The variations between the site types as well
as between the peat layers are still significant,
but the respective F-values are considerably
lower. The remarkable increase in the
nitrogen content from the ordinary sedge
mires to the herb-rich sites is thus a result of
the high bulk density of peat from the latter
site type (Tables 8, 17). From layerwise
calculated regressions for the relationship
between bulk density and nitrogen content
(Figure 11, Table 18), it can be estimated that
the high bulk density has increased the nitro-
gen content in peat from the herb-rich sedge
mires by on average 2.5 mg/g and 3.3 mg/g
nitrogen in the 0—10 cm and 10—20 cm layers
respectively. When correcting, on the basis of
the co-variate, the nitrogen content of the
herb-rich sedge mires, the change from the
ordinary to the herb-rich sites is approxi-
mately 20 per cent.

The figures obtained by significance testing
of the average nitrogen contents are not af-
fected by inserting the bulk density as a cor-
rective term. The relationships between the
nitrogen content of peat and the quality
gradient of the site series is consequently well
confirmed.

It may be added that the nitrogen contents
were corrected on the basis of the layerwise
calculated regressions (Table 18), because no
difference between coefficients taken out se-
parately for each site type could be shown:
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Figure 11. Scatter diagrams by layer showing the
relationship between bulk density and total content
of nitrogen in peat. For the mathematical models
see Table 18.

Layer Layer

10-20 cm 0-10 cm
F-value 1.85 1.87
Degrees of freedom 2,185 2,159

When splitting up the relationship between
nitrogen content, bulk density and depth in
profile (Table 18), bulk density affects the
nitrogen content the most in peat from the

Table 18. The regression models for the relationship between bulk density (X) and total content of nitrogen (Y).

Peat layer Regression Analysis of
variance
Constant Regr. coeff. T-value R? d.f. F-value
0—10cm 8.051 0.1138 10.64*** 0.874 1,190 118.834%°*
10-20 cm 8.676 0.1201 9.60%** 0.8361 1,163 92.25%%*
0—-20 cm 8.046 0.1227 15.86*** 0.415 1,855 251.60%**
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least fertile sites. In profiles from the small
sedge mires more than 70 per cent of the
increase in nitrogen content from the upper
to the lower layer can be attributed to the
simultaneous increase in bulk density. In the
case of ordinary and herb-rich sedge mires
the corresponding figures are 64 and 60 per
cent respectively. Although no significance
testing is done, it is likely that site de-

pendence, if any, can be related to the organic

composition of surface peat, which in turn is
influenced by the plant community in ques-
tion.

In addition, the nitrogen content is
significantly correlated with a number of
other variables included in the investigation
(Tables 4—7). A clear relationship is found
with the ash content, pH, degree of base
saturation and phosphorus content. In the
three first mentioned cases the nitrogen status
of soil is illustrated by overall variables
describing the site. The correlation between
nitrogen and phosphorus (Figure 12, Table 19)
can be attributed to the fact that in peat both
the elements are organically bound (KAILA
1956a, SCHEFFER & SCHACHTSCHABEL
1976), and thus subjected to the same
biological immobilization-mineralization
processes. On the other hand, it is also clear
that the relationship is affected by multi-
colinearity between site quality and nitrogen
and phosphorus contents (c.f. Tables 17 and
20).

The content of total nitrogen (mg N/g)
follows the established quality gradient of the
site series investigated. In order to evaluate the
timber production fotential of a site it is
important to know also the absolute amounts
of nutrients in the soil. Using bulk density of
peat, the nitrogen contents have been
transformed to absolute amounts expressed
in kilogram per hectare by layer (Figure 28). A
two-way analysis of variance after logarithmic
transformation of the absolute amounts gives
similar results as for the concentration

T T 1
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1.0 .
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=
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a
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Nitrogen, mg/g peat

Figure 12. Scatter diagrams by layer showing the
ralationship between total content of nitrogen and
phosphorus in peat. For the mathematical models
see Table 19.

contents  already  discussed.  Significant
variations between the layers as well as
between the site types are shown:

Model of Between Between Inter-
variance site types layers action

F-value
Degrees of

freedom 5,850 4,350 3,350 2,350

43.830%** 32.63*** 36.62*** 0.70

Table 19. The regression models for the relationship between total contents of nitrogen (X) and phosphorus (Y).

Regression Analysis of
Peat layer variance
Constant Regr.coeff. T-value R? d.f. F-value
0—10 cm 0.2491 0.0361 10.62%** 0.378 1,190 112.85%**
10—20 cm 0.2804 0.0282 8.92%** 0.328 1,168 79.62%**
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Figure 13. Total content of phosphorus in the peat samples.

The histogram in Figure 28 indicates,
however, that the differences between the
individual site types are not as clear as when
the nitrogen status was expressed on the bases
of concentration values. Significance testing
of the means show that in both the layers the
difference between the two less fertile site
types have been levelled (Table 29). In peat
from the herb-rich sedge mires the amount of
nitrogen is as much as 150—170 per cent higher
than in peat from the two other site types.
These trends are results of the bulk density in
peat from the most fertile site type being
considerably higher than in peat from the two
other types. The primary effect of bulk density
on the nitrogen content (cf. above) is
intensified by the transformation into
absolute amounts.

31.7 Total content of phosphorus

The total content of phosphorus in the peat
samples examined can be seen from the
frequency diagrams in Figure 13. In the 0—10
cm layer the contents vary between 0.17 mg/g
and 1.65 mg/g phosphorus and in the 10—20
cm layer from 0.15 mg/g to 1.75 mg/g
phosphorus. The lowest data is recorded in
samples from the small sedge mires and the
highest are individual observations from the
two more fertile site types. The average
phosphorus contents in the classes are given
in Table 20. In the upper layer the mean
values range from 0.45 mg/g to 0.96 mg/g
and in the lower layer from 0.46 mg/g to 1.00
mg/g phosphorus.

When comparing the data obtained here

Table 20. Mean total content of phosphorus in the peat samples.

Total content of phosphorus, mg/g
Peat layer Herb-rich Ordinary Small
sedge mire sedge mire sedge mire
0-10¢m 096 “00s1 2 067 Zg0a1 b 045 Zg00 <
10-20 cm 100 *00% a 0.74 10920, 0.46 2002
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with that found by KAILA (1956b), agreement
both with means and variations for corre-
sponding peat types is satisfactory. VAHTERA
(1955) gives, on the other hand, considerably
higher figures for phosphorus in peat.
According to him, of the Sphagnum peat
analysed only 16 per cent of the samples
contained less than 0.9 mg/g phosphorus, the
corresponding proportion for the Carex peat
being no higher than 10 per cent. A consider-
able part of the Carex peat contained even
more than 3.0 mg/g phosphorus, which must
be considered as particularly high values. In
this investigation the phosphorus content is in
all the samples from the small sedge mires
lower than 0.9 mg/g. The corresponding
proportions in peat from the ordinary and
herb-rich sedge mires are 75—85 per cent and
65—70 per cent respectively. The peat type has
not been determined, but one can in general
assume that the proportion of the Sphagnum
factor decreases along with increasing fertility
in the site series in question.

KAILA (1956b) supposes that VAHTERA’s
(1955) data is impaired by some analytical
error. This criticism is supported by compari-
son with results obtained by HOLMEN (1964),
VALK (1973), PAKARINEN and TOLONEN
(1977) and DAMMAN (1978). In alla these
cases the content of phosphorus in peat is of
the same magnitude as recorded here, or
somewhat lower, due to the fact that most
of the studies referred to regard peat from
ombrogeneous peatlands.

In examining the frequency diagrams in
Figure 13 one will find in the site series from
the least to the most fertile site type a clear
trend towards increasing content of phos-
phorus. Further, a slight increase in content
of phosphorus from the upper to the lower
peat layer can possibly be seen. After loga-
rithmic transformation of the phosphorus
contents a two-way analysis of variance shows
a significant variation between the three site
types. The variation between the two layers is
non-significant:

Model of Between Between Inter-
variance site types layers action

F-value 47.42*** 59.17*** 1.60 0.44

Degrees of
freedom 5,850 4,350 3,350 2,350

Testing the means separately in each layer
reveals that the content of phosphorus in-
creases significantly from small sedge mires to
ordinary sedge mires and further to herb-rich
sedge mires. The change in the upger layer
being 50 and 35 per cent and in the lower
layer 60 and 85 per cent respectively.
HOLMEN (1964) gives for comparable sites
0.51 mg/g and 0.62 mg/g phosphorus; values
which agree with the tendency found in this
study. The increase in the phosphorus
content of peat which doubles from the least
to the most fertile site in the site series thus
seems to be valid. On the other hand, surface
peat from eutrophic mires, in the trophy
series next to the sites studied here, according
to HEIKURAINEN (1953) contains on average
only 0.45 mg/g phosphorus.

If phosphorus in peat is expressed in
absolute amounts in both the layers the same
trend as for the concentration values can be
seen (Figure 28). The difference between the
least and the most fertile sites has even in-
creased; the absolute amount of phosphorus
is more than trebled. A two-way analysis of
variance after logarithmic trans({)m]ation of
the data shows that the variation between the
site types is statistically significant:

Model of Between Between Inter-
variance site types layers action

F-value 45.32%*% 4539*** 22.45*** 1.18
Degrees of
freedom 5,350 4,350 3,350 2,350

Testing of the paired means (Table 29)
proves that the difference between the
individual site types is in all the cases signifi-
cant. Phosphorus in peat soils is a critical
growth factor (cf. HUIKARI & PAAVILAINEN
1972, SEPPALA & WESTMAN 1976), unlike in
mineral soils. Therefore the relationship
between site type and the phosphorus
economy can be considered important and
possibly provides a suitable means for
evaluating conditions for timber production.

It is generally considered that the content
of phosphorus in peat decreases with in-
creasing sampling depth in the profile (e.g.
WAREN 1921, HOLMEN 1964, PAKARINEN &
TOLONEN 1977, DAMMAN 1978). The
tendency towards a positive relationship
found here is, theret}())re, somewhat un-

expected. The average contents in Table 20
indicate increases up to 10 per cent, although
the trend is not statistically significant. When
transforming the phosphorus contents into
absolute amounts this increase from the
upper to the lower layer is clear (Figure 28).
Statistical testing (see above, Table 29) also
verifies this tendency in profiles from all the
site types. The change, which is between
45 and 85 per cent, is understandable as
the bulk density simultaneously increases by
on average 40 to 70 per cent (Table 8).

KAILA  (1956b) points out that the
phosphorus content in peat from sites low in
fertility possibly decreases along with in-
creasing depth while the opposite takes place
in profiles from more fertile sites. No clear
correlation could, however, be shown. On the
other hand, the content of mineral phos-
phorus was clearly negatively correlated to
sampling depth. In addition also the extract-
ability of this fraction was negatively cor-
related to sampling depth. Consequently, the
determination of mineral phosphorus can
result in decreasing contents along with
increasing sampling depth, although total
phosphorus does not necessarily decrease.
This could possibly be the case with
HOLMEN’s (1964) data, which vas obtained
by extraction with hydrochloric acid. In
PAKARINEN’s and TOLONEN’s (1977) as well
as in DAMMAN’s (1978) studies, wet combus-
tions were applied and, therefore, the values
are certainly total phosphorus contents.
Further, it should be taken into account that
the peat profiles in the studies mentioned are
deeper than 20 cm and have been split up in
thinner sample layers, thus giving greater
detail. KAILA (1956b) in her study has
compared layers the thickness of which varies
between 10 and 40 cm.

The reasons for the relationship between
phosphorus and sample depth in this study
differing from a generally accepted model
cannot be established. Possibly the behavior
of phosphorus varies with site type (cf. KAILA
1956b). The data referred to are largely
concerned with more or less pronounced
ombrogeneous raised bogs where the capacity
of living plants to concentrate in plant tissue
the scanty nutrient reserves with all proba-
bility is high (cf. VAHTERA 1955, PUUST-
JARVI 1968). The sedge mires, on the
contrary, are peatlands the mire plane of
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which is on approximately the same level as
the surrounding mineral soils and are thus
more or less minerogeneous. As phosphorus,
like nitrogen, in peat is fixed in organic
forms, it is possible that the increase in bulk
density from the upper to the lower layer
affects also the phosphorus balance. The
correlation between phosphorus and nitro-
gen (Figure 12, Table 19) as well as that
between phosphorus and bulk density (Tables
4—7) imply such an interpretation. Phos-
phorus content corrected with bulk density
would consequently, with all probability, be
negatively related to sample depth in the
profile.

31.8 Total content of potassium

The potassium content in peat varies within
wide ranges, in the 0—10 cm layer between
0.13 mg/g and 4.18 mg/g and in the 10-20
cm layer between 0.01 mg/g and 2.01 mg/g
potassium (Figure 14). The highest contents
are obtained with samples from the ordinary
sedge mires and the lowest with samples from
the small sedge mires. Variation is consider-
able also within the individual site types, the
coefficients of variation ranging from 42 to 82
per cent. This heterogeneity of potassium in
peat has previoisly been noted by VAHTERA
(1955), and can possibly be attributed to the
weak fixation of the potassium ion in the
cation exchange complex (KAILA & KIVEKAS
1956, SCHEFFER & SCHACHTSCHABEL
1976, STARR & WESTMAN 1978). As a conse-
quence the potassium ion is easily influenced
by soil water movements.

The contents in Figure 14 are higher
throughout than the ones given by VAHTERA
(1955) for Sphagnum and Carex peat from the
10-20 cm layer. In the former case, the
potassium content in 57 per cent of the
analysed samples was lower than 0.25 mg/g,
the corresponding proportion in the latter
case being as high as 83 per cent. HOLMEN
(1964), too, presents potassium contents
lower than the ones here. Since both the
studies concern drained peatlands one can
assume that the regulation of soil water has
influenced the potassium balance of the soil.
In particular after drainage, the accelerated
stand growth may have resulted in an
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Figure 14. Total content of potassium in the peat samples.

increased biological fixation of potassium. A
loss of potassium in drainage waters may also
take place (cf. KENTTAMIES 1980).

In Table 21 has been calculated for both
layers the mean potassium contents of the site
types. In the 0—10 cm layer the data vary
between 1.05 and 1.69 mg/g potassium and in
the 10—-20 cm layer between 0.42 and 0.69
mg/g potassium. The highest contents is
found in peat from the ordinary sedge mires,
while the potassium content in peat from the
least and most fertile site types is of the same
magnitude.

A two-way analysis of variance after square
root transformation of the potassium data
shows a significant variation between the two
peat layers, and also between the three site
types:

Model of Between Between Inter-
variance site types layers action

F-value 47.46*** 11.26*** 67.52*** 1.45

Degrees of
freedom 5,850 4,350 3,350 2,350

Testing paired mean values by a Student-
Newman-Keul’s test show a significant
decrease in the potassium content of peat by
55—70 per cent from the upper to the lower

layer. This trend towards rapid decrease in
potassium content in the topmost peat layer
has been established in several studies earlier
(e.g. VAHTERA 1955, KAILA & KIVEKAS 1956,
HOLMEN 1964, MANNERKOSKI 1973, PAKA-
RINEN & TOLONEN 1977, DAMMAN 1978,
PAKARINEN 1978) and is explained as
follows. The surface vegetation can effectively
take up the potassium ions bound weakly in
peat, and thus concentrate the element to the
urper soil layer, where a quick turnover takes
place (cf. PUUSTJARVI 1968). Redistribution
within the constantly growing Sphagnum
mosses may be of certain importance.
Leaching from the living vegetation, in
particular the tree stand, also affects the
potassium status of soil (cf. PAIVANEN 1974,
LEHTONEN et al. 1976).

Closer examination of the variation
between site type and potassium content
(Table 21) shows that the ordinary sedge
mires significantly differ from the two other
site types. The content in peat from the least
and most fertile sites is 30—40 per cent lower.
The fact that the relationship between the
potassium content of peat ancrboth the peat
type and the peat forming vegetation is weak
has previously been stated in a number of
studies. WAREN (1924) reports that no regular
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Table 21. Mean total content of potassium in the peat samples.

Total content of potassium, mg/g
Peat layer Herb-rich Ordinary Small
sedge mire sedge mire sedge mire
0-10cm 105 *0008 2 169 75 08 122 20138
10-20 cm 0.48 10000 b 069 7004 042 *00e7h

connection exists between potassium and the
botanical ~composition of the ground
vegetation. BRENNER (1930) is of the opinion
that the potassium content is no higher in
peat from eutrophic fens than in peat under
other vegetation types. Fom HEIKURAINEN’s
(1953) work on eutrophic pine mires in North
Finland can be derived an average potassium
content of 0.28 mg/g.

The unfavourable potassium status of the
most fertile site type compared with the
ordinary sedge mires must be seen against
this background. The reason can lie in a
relatively mobile soil water in the most fertile
sites resulting in leaching losses of potassium.
The mobility of the potassium ion is probably
further affected by a more heterogeneous
plant cover on these sites than on the two
other site types. That the coverage of the
bottom vegetation layer is not always
complete can be derived from Table 1. One
can also assume that litter from a fertile
vegetation is less resistant to decay than litter
from white mosses and sedges frequent on the
two poorer sites. The relationships found by
PUUSTJARVI (1956) between the cation
exchange capacity and peat type as well as the
peat forming plant community further
confirm  this explanation. Antagonism
between cations in the exchange complex may
also have affected the potassium status of peat
(cf. ch. 81.5, 81.9—10). The role of the tree
stand must also be taken into account. The
more fertile the site is the faster is the stand
development after drainage, which results in
an ever increased biological fixation of
potassium (cf. HOLMEN 1964).

VAHTERA (1955) states that with a
potassium content in peat of the magnitude
0.25 mg/g, the sedge mires are rather
unfavourable sites. A difference of 0.03 mg/g
between the most and the least fertile sites is

most likely not statistically significant. The
average contents in this study (Table 21) give,
however, a more favourable picture of the site
series. When calculating on the basis of the
bulk density the absolute amount of
potassium (Figure 28), also the herb-rich sites
adopt a logical position in the site quality
gradient of the site series.
A two-way analysis of variance:

Model of Between Between Inter-
variance = site types layers action

F-values 14.81**** 6.60*** 14.42*** 0.80
Degrees of
freedom 5,851 4,851 3,351 2,351

and significance testing of the means (Table
29) show that, with the exception of the
herb-rich sedge mires in the 10—20 cm layer,
the mean absolute amounts differ signifi-
cantly. In the upper layer the amount of
potassium increases from the small sedge
mires to the ordinary sedge mires and further
to the herb-rich sedge mires in both cases by
some 20 per cent. In the lower layer a corre-
sponding increase of 50 and 65 per cent,
respectively, takes place. The relationship
between potassium in peat and site type is
thus clear when using absolute amounts. It is
also of considerable importance that the
absolute amount of potassium does not
decrease from the upper to the lower layer as
much as the concentration data does. The
absolute amounts decrease by only between
20 and 40 per cent as compared to the
decrease in concentration values of between
55 and 70 per cent from the 0—10 cm layer to
the 10-20 cm layer. Consequently, when
evaluating the conditions for timber pro-
duction on the basis of peat fertility, bulk
density must be consideres an important site
factor.
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Figure 15. Scatter diagrams by layer showing the
ralationship between bulk density and total
content of potassium in peat. For the mathematical
models see Table 22.

The corrective effect of the bulk density of
peat when transforming the potassium
contents into absolute amounts is clear. It is
therefore interesting to note the negative
correlations in both the upper and the lower
layers between bulk density and potassium
content. (Table 4, Figure 15). Since the
potassium ion in organic soils is mainly
absorbed in the cation exchange complex, it
is likely that this negative correlation is
indirect. It is evident that a positive
correlation prevails between potassium
content and e!g'ective cation exchange capacity
(Table 4, Figure 16), while there is a negative
correlation between cation exchange capacity
and bulk density (Table 4, Figure 8). The
negative relationship between potassium
content and bulk density would thus be
explained by multicolinearity between these

Cation exchange capacity, m.e./100g

Figure 16. Scatter diagrams by layer showing the
relationship between effective cation exchange
capacity and total content of potassium in peat.
For the mathematical models see Table 22.

three variables. A closer examination shows,
however, that this hypothesis does not
satisfactorily explain the relationship between
potassium content and bulk density. In the
0—-10 cm layer the bulk density of peat
explains as much as 49 per cent of the
variations of the square root transformed
potassium data while the degree of
explanation by the effective cation exchange
capacity is 28 per cent. In the lower layer the
degrees of explanation are only 12 and 18 per
cent respectively. Consequently, it appears as
if the bulk density does immediately affect the
potassium status of peat. This assumption is
confirmed when examining, by site type, the
partial correlations between the transformed
potassium contents ( V_l‘() and the bulk
density (B.D.) and the effective cation
exchange capacity (C.E.C.):

[ P
partial correlations, l/ K

LI 21 8,1 1,2 2,2 3,21
B.D. 0.34* 0.49*** 0.54*** 0.57*** 0.11 0.02
C.E.C. 0.17 0.28* 0.54*** 0.16 0.28** 0.59***

In most cases after elimination of the
effective cation exchange capacity the correla-
tion between bulk density and potassium
content is statistically significant and fairly
strong. Only in the ordinary and small sedge
mires in the 10—20 cm layer does the cation
exchange capacity give stronger correlation
with the potassium content than the bulk
density.

The explanation for the relationship
between cation exchange capacity and
potassium content, which are causally related,
being overshadowed by a relationship with
bulk density, can partly be found in the site-
dependent  variation of the variables.
According to Table 8 bulk density in peat
from the herb-rich sedge mires is in both

! First number refers to site type. Herb-rich sedge
mire = 1, ordinary sedge mire = 2, small sedge mire = 3.
Second number refers to peat layer. 0—10 cm =
1, 10-10 cm = 2.
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layers significantly higher than that in peat
from the two other site types; the difference is
of the magnitude 60—80 per cent. Since also
the potassium content in peat from the first
mentioned site type is low (Table 21), this
affects the layerwise calculated correlation.
The fact remains, however, that there is in the
individual site types a somewhat stronger
relationship between potassium content and
bulk density than between potassium content
and cation exchange capacity. Equations for
the regressions calculated separately for each
layer can be seen in Table 22.

Why the bulk density to such a degree
affects the potassium content of peat, as a
concentration value (mg/g), cannot be
answered on the basis of this material. It
deserves pointing out that when weighing a
peat sample for analysis, a considerably larger
volume of peat is obtained from samples at
low bulk density than from samples at a higher
bulk density. If the specific charge density
of organic matter (m.e./cm?) is constant,
like that of clay minerals (SCHEFFER &
SCHACHTSCHABEL 1976), in the former
case a higher exchange capacity will be
obtained. Although this relates to the cation
exchange capacity of the peat, it does not
necessarily imply that the capacity measured

Table 22. The regression models for the relationship between the square root transformed total content of potassium
(Y) and bulk density (X) as well as effective cation exchange capacity (X).

5 Analysis of
; Regression R

Site type variance
and layer?)

Constant Regr. coeff. l T-value | R? d.f. F-value

Bulk density
Herb-rich 1 1.711 —0.0108 7.98%** 0.583 1.45 62.83%°*
sedge mire 2 1.117 —0.0052 8.74%** 0.368 1,24 18.97%**
Ordinary 1 1.661 —0.0100 9.86%** 0.491 1,101 97.30***
sedge mire 2 0.990 —0.0027 3.06*** 0.091 1,94 9.39*¢*
Small 1 1.896 —0.0069 4.28%** 0.314 1,40 18.85%**
sedge mire 2 0.936 —0.0048 2.52* 0.134 1,41 6.36°
Effective cation exchange capacity

Herb-rich 1 0.217 0.0239 4.14%%* | 0.276 1,45 17.13***
sedge mire 2 model not significant
Ordinary 1 0.585 0.0198 6.58*** 0.300 1,101 48.27%%*
sedge mire 2 0.431 0.0116 4.07%** 0.150 1,94 16.61***
Small 1 0.129 0.0265 280 0.315 1,40 18.36%**
sedge mire 2 | —0.839 0.0278 5.58%** 0.431 1,41 31.11%**

?) 1=peat layer 0—10 cm, 2=peat layer 10-20 cm
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here is directly correlated with the potassium
content of peat. As previously mentioned (ch.
28. and 31.5) the potassium ion has for
theoretical reasons been ignored when deter-
mining the basic cations. The error arising
from this exclusion is minor, but antagonism
between ions with different binding affinity
can be of interest here. A high proportion of
calcium and magnesium in the exchange
complex may thus result in a low proportion
of potassium, since the binding affinity of the
former ions is considerably higher than that
of the latter (SCHEFFER & SCHACHTSCHA-
BEL 1976). The fact that the relationship
between these three variables in the 10—20 cm
layer is weaker can be attributed to the
deficiency of potassium now being consider-
ably stronger. Therefore, no clear depen-
dence of potassium on either the cation
exchange capacity or bulk density exists in
this layer. The higher degree of humification
in the lower layer can also have affected the
relationships between the variables.

31.9 Total content of calcium

The calcium content in peat varies from
1.10 mg/g to 8.90 mg/g calcium in the 0—10
am layer and from 1.20 mg/g to 9.84 mg/g

calcium in the 10—20 cm layer (Figure 17).
With coefficients of variation between 28 and
45 per cent, the calcium distribution within
the individual site types is thus more
homogeneous than that of the potassium.

WAREN (1924) and KOTILAINEN (1927)
give for Carex and Sphagnum peat contents
of the same magnitude as those reported
here. KIVINEN (1933) states that the calcium
content of peat varies considerably also; 90
per cent of the Sphagnum and Carex-
Sphagnum peat investigated contained less
than 7.15 mg/g calcium. According to
VAHTERA (1955) the calcium content is in
general lower in peat from drained peatlands
than in peat from virgin areas. If comparing
the frequency distributions for the two less
fertile site types (Figure 17) with corre-
sponding frequencies for the two mire sites in
HOLMEN’s (1964) investigation, this tendency
can not be seen.

That forest drainage would negatively
affect the calcium content of peat is some-
what  surprising, since the wuptake by
forest trees is relatively modest. Further, in
middle-aged pine stands 30—40 per cent of
the amount annually taken up is returned to
the soil in litter (cf. INGESTAD 1962, 1967,
MALKONEN 1974). The increase in bulk
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Figure 17. Total content of calcium in the peat samples.
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Table 23. Mean total content of calcium in the peat samples.

Total content of calcium, mg/g
Peat layer Herb-rich Ordinary Small
sedge mire sedge mire sedge mire
+0.23 +0.12 +0.11
0-10cm 528 Zg90a 2.86 o] b 209 g ¢
0.40 0. 0.11
10-20 cm 5.05 To's7 a 506 T3 b 218 T8 ¢

density which generally occurs after drainage
should lead to higher nutrient concen-
trations, not decrease them. Further, due to
its preferencial binding affinity, the calcium
ion is less likely to be leached as is the potas-
sium ion.

The frequency diagrams (Figure 17) show a
clear tendency towards increasing calcium
content in peat in the site series from the least
to the most fertile site type. In the upper layer
the average contents rise from 2.09 mg/g to
5.28 mg/g calcium and in the lower layer
from 2.18 to 5.05 mg/g calcium (Table 23). A
two-way analysis of variance after logarithmic
transformation shows statistically significant
variations between the site types:

Model of Between Between Inter-
variance site types layers action
F-value 42.75%** 58.38*** 0.67 0.54
Degrees of
freedom 5,350 4,350 3,350 2,350

Mean value testing verifies that the calcium
content in both the layers increases from the
small sedge mires to the ordinary sedge mires
and further to the herb-rich sedge mires. The
increase is 35 and 85 per cent in the upper
layer and 40 and 65 per cent in the lower
layer. Overall the calcium content is approxi-
mately 2.5 fold greater from the least to the
most fertile site type.

Comparing the mean calcium contents
(Table 23) with data given by VAHTERA (1955)
for drained sedge mires, the two more fertile
site types show 10 to 35 per cent lower
contents than the virgin sites. The calcium
content in peat from the small sedge mires is
in both studies similar. Probably the post-
drainage stand development does, after all,
affect the calcium status of peat. As the stand

development on fertile sites is faster than on
poor sites, the calcium balance is on the
former sites affected more strongly and
sooner. On the other hand, HOLMEN (1964)
gives for comparable mire sites mean calcium
contents somewhat higher than those found
here. Peat from mire sites in the fertility series
next to those studied here contains on
average 10.1 mg/g calcium (HEIKURAINEN
1953).

According to general opinion the calcium
content in peat increases along with greater
sampling depth (KAILA & KIVEKAS 1956,
HEIKURAINEN 1978b). This trend cannot be
seen in this study. Examination of HOLMEN’s
(1964) material revals that the relationship
does not exist in all the site investigated by
him For examples, in the profiles comparable to
those investigated here the peat layer shows
no definite change of calcium content with
increasing depth in the profile. The same can
be seen from results obtained by DAMMAN
(1978) on ombrogeneous peatlands. It thus
seems as if a positive correlation between
calcium and sampling depth appears in
profiles from sites where the content of total
calcium is moderate.

The absolute amounts of calcium are
presented in Figure 28. A two-way analysis of
variance shows significant variations between
the site types as well as between the two
layers:

Model of Between Between Inter-
variance site types layers action

F-value
Degrees of
freedom 5,350 4,350 3,850 2,350

64.93*** 70.82*** 24.09*** 1.67

The average amounts, with the exception of
those for ordinary and small sedge mires in
the upper layer, differ significantly and follow
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the established quality gradient of the site
series (Table 29). When examining by the site
type the relationship between depth in profile
and calcium, it appears that the absolute
amount in all cases increases significantly
from the upper to the lower layer. The change
is of the magnitude 60, 80, and 35 per cent
respectively in the series from the least to the
most fertile site type.

The correlations between calcium and
other site variables has been calculated in
Tables 4—7. As already noted (ch. 81.4-5) the
relationship with both pH and the propor-
tion of basic cations in the exchange complex
is clear. It is also characteristic that the
calcium content in peat from the most fertile
site type correlates with not only the degree of
base saturation but also with the effective
cation exchange capacity.

A strong positive relationship prevails
between the contents of calcium and
magnesium in peat (Figure 18, Table 24).
Even if overflow surface water from the
surrounding mineral soils is unlikely to affect
the sites investigated it is, however, probable
that this relation between calcium and
magnesium levels is explained by the
mineralogical composition of the surround-
ing and underlying soil (cf. RINDELL 1902).
The influence of the mineral composition of
the parent matter is still to be seen in the
nutrient balance of the peat soil.

31.10 Total content of magnesium

The mangnesium contents in the peat
samples examined range from 0.22 mg/g to
2.28 mg/g and from 0.10 mg/g to 1.95 mg/g
magnesium in the 0—10 cm and 10—20 cm
layers respectively (Figure 19).
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Figure 18. Scatter diagrams by layer showing the
relationship between total contents of calcium and
magnesium. For the mathematical models see
Table 24.

WAREN (1921) and WAREN and KOTILAI-
NEN (1922) give for Sphagnum peat, magne-
sium contents varying from 0.36 mg/g to 0.66
mg/g and for Carex, from 0.54 mg/g to 1.92
mg/g. BRENNER (1930) has, in samples from
relatively fertile sites, obtained magnesium

Table 24. The regression models for the relationship between the total contents of calcium (X) and magnesium (Y).

Regression Ana.lysis of

Site type variance

and layer') Constant Regr.coeff. T-value R? d.f. F-value
Herb-rich 1 0.649 0.1093 3.44%°* 0.209 1,45 11.87**
sedge mire 2 0.455 0.0904 8.07** 0.283 1,24 9.45%*
Ordinary 1 0.307 0.1530 11:96%** 0.586 1,101 143.07°**
sedge mire 2 0.240 0.1502 10.09*** 0.520 1,94 101.79***
Small 1 0.317 0.1645 6.55%ne 0.502 1,40 40.39°**
sedge mire 2 0.183 0.1577 572"~ 0.444 1,41 82.78%°*

') 1=peat layer 0—10 cm, 2=peat layer 10—20 cm

Acta Forestalia Fennica 172 43

o
T

I
N

IR TTAA 1

04 0.8
1 1

Herb-rich sedge mire, peat layers 0-10 and 10-20 cm

RN A

Ordinary sedge mire, peat layers 0-10 and 10-20 cm

R 1A 10 O P
SR U 1 TCRTITIER T (T A N

Small sedge mire,peat layers 0-10 and 10-20 cm

I | i1l (I THA

WCTIE Wi s

1.2 1.6
1 1

Magnesium, mg/g peat

Figure 19. Total content of magnesium in the peat samples.

data between 0.18 mg/g and 1.80 mg/g
magnesium. According to VAHTERA (1955)
the content in Sphagnum peat varies consider-
ably, from 0.08 mg/g to 3.47 mg/g magne-
sium. Since the peat investigated here
probably corresponds to a series changing
from Sphagnum peat towards Carex peat, the
magnesium data in Figure 19 agree satis-
factorily with the results referred to above.
The average magnesium contents have
been calculated in Table 25. In the 0—10 cm
layer the mean values vary between 0.64 mg/g
and 1.18 mg/g magnesium and in the 10—20
cm layer between 0.51 mg/g and 0.87 mg/g
magnesium. A two-way analysis of variance
of the logarithmically transformed data shows
that the variation between the three site types

and between the two peat layers is statistically
significant:

Model of Between Between Inter-
variance site types layers action
F-value 23.18*** 22.56*** 6.78%** 1.76

Degrees of
freedom 5350 4,350 3,350 2,850

Significance testing of the mean values
show that the magnesium content, again with
the exception of peat from the small and
ordinary sedge mires, in the 0—10 cm layer
parallels the site quality. In the upper layer
the change from the two less fertile site types
to the most fertile is of the magnitude 60—80

Table 25. Mean total content of magnesium in the peat samples.

Total content of magnesium, mg/g
Peat layer Herb-rich Ordinary Small
sedge mire sedge mire sedge mire
+0.065 +0.027 +0.038
0-10cm 118 _o.062 0.75 _p.026 2 b 0.64 _g.036 b ©
+0.014 +0.082 +0.031
10—-20 cm 087 0014 & 0.68 _go3; b o 0.51 _g.029




44  C.J. Westman 1981

per cent. In the lower layer the magnesium
- content in the site series increases gradually
by, in both cases, approximately 80 per cent.

This clearly defined relationship between
magnesium in peat and timber production
potential is interesting in comparison with
results obtained in previous studies. WAREN
(1924) has observed no such regular relation-
ship with the species composition of the
ground vegetation. VAHTERA (1955) states
that magnesium in peat from the drained sites
studied by him relates very poorly to the site
quality index and gives for sedge mires
contents between 0.88 mg/g and 0.64 mg/g.
The ordinary sedge mires showed the lowest
magnesium content of all the site types
studied.

Comparison to the present results reveals
that the magnesium balance in peat from
both the drained and undrained small sedge
mires is the same. In peat from the two more
fertile sites, the content after drainage seems
to be approximately 50 per cent lower.
Possibly LEC regulation ofPsoil water has
caused leaching losses of magnesium ions, the
binding affinity of which is intermediet in
comparison with calcium and potassium.
Since the magnesium uptake by pine is of the
same magnitude as its calcium uptake
(INGESTAD 1962, 1967), vigorous tree stand
growth after drainage could also reduce the
magnesium contents considerably below the
pre-drainage levels.

The relationship between the absolute
amounts of magnesium and the site type is
about the same as shown above for the
contents (Figure 28). A two-way analysis of
variance after logarithmic transzormation of
the amounts shows that the variation between
site tzpes as well as between the two layers is
significant:

Model of Between Between Inter-
variance site types layers action

F-value 45.47*** 58.59*** 11.04*** 3.57*
Degrees of
freedom 5,350 4,350 3,350 2,850

Unfortunately including the bulk density
has caused a significant interaction between
both the classifying factors, which impairs the
validity of the statistical tests (Table 29). The
differences in the mean absolute magnesium

amounts (Figure 28, Table 29) between the
most fertile site type and the two others is now
considerably bigger, which is explained by the
high bulk density of peat from the former site
type (Table 8).

The relationship between sampling depth
and magnesium in peat is interesting. The
concentration content in peat from the small
and ordinary sedge mires decreases signifi-
cantly by 20—25 per cent from the upper to
the lower layer (Table 25). On the other hand,
when examining the absolute amounts
(Figure 28) the trend is the opposite. The
increase is significant, however, only in peat
from the ordinary sedge mires (Table 29). The
same tendencies have been noted by KAILA
and KIVEKAS (1956). According to them,
there prevails a positive relationship between
extractable magnesium and depth in profile
when the results are given on the basis of
volume. Data based on sample weight, on the
contrary, seem to give a tendency towards
negative relationship in the surface peat layer.
DAMMAN (1978) has obtained results
indicating unchanged magnesium contents
along with increasing depth in profile. The
magnesium figures found in the studies
mentioned are of the same magnitude as the
data obtained here.

When examining the relationship between
magnesium in peat and the other site
variables (Tables 4—7) one can observe that
the correlations follow the same pattern as
shown for calcium. This is to be expected
because of the similar chemistry of the two
divalent ions.

32. External factors affecting the
physical and chemical properties
of peat

32.1 Microtopography of the mire plane

The site gpes included in this study are
characterized by a ground vegetation
composed of plant communities showing
features of tree covered as well as treeless
peatlands. The mire plane belongs to the
latter vegetation type and the more or less
pronounced hummocks to the former (cf.
HEIKURAINEN 1978b). On the sample plots
in this study the average height difference

between hummock surface and mire plane
surface is 23, 20 and 82 cm in the series from
the least to the most fertile sites. Conse-
quently, one can assume that the variation
within site type vegetation due to this micro-
topographic effect is reflected in the
properties of the peat fromed (cf. HEIKURAI-
NEN 1953). According to KIVINEN (1933,
1934), the chemical composition of the peat-
forming plants varies within a relatively wide
range. Thus, the surface peat is hetero-
geneous already through definition of the
sedge mires.

However, when dividing the sample
material into two classes, humocks and mire
plane, and comparing the class means
separately for each site type, one finds that
peat from hummocks does not differ from
peat from the mire plane. The reason for
there being no differences is undoubtedly
related to the limited number of hummock
samples. Altogether, only 20 of the sample
points are located on clearly marked
hummocks, and are unevenly distributed
between the three site types:

herb-rich sedge mire 8 sample plots
ordinary sedge mire 8§ v v
small sedge mire 9 7 ”

Thus any differences arising from micro-
topography are masked by the large within
site type variation shown by all the variables.
It should also be pointed out that the
relationships obtained above (ch. 31) between
site variables and site type are not affected by
this stratification.

In order to limite the within site type
variation the samples representing hummocks
were compared to the adjacent sample plots
from the mire plane. In cases where no
sample from the mire plane within the same
peatland area was available a sample plot
from the nearest comparable site was used.
Means were calculated after classifying the
material according to site type and peat layer
(Figures 20, 21). Significance testing of the
means by a paired t-test showed no regular
differences between hummocks and mire
plane. -

The result is somewhat surprising, as the
species composition of the cqrrespoqding
peat-forming plant communities differs
considerably from each other. The expla-
nation must again be sought in the sample
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material. F irstly, the number of sample plots
is still very limited and, secondly, the plots
were not taken as adjoining pairs of
hummock and mire plane, but independently
within the peatland area. This implies that
differences in peat properties between
hummocks and mire plane still are masked by
within site type variation.

HEIKURAINEN (1953) has found on
eutrophic pine mires in north Finland that
peat from the mire plane has a higher pH and
calcium content than that from hummocks.
The same trend could be seen for nitrogen
and potassium. DAMMAN (1978) has also
recorded certain differences between peat
from hummocks and mire plane. According-
ly, most elements occur with higher
concentrations in the surface peat of the mire
plane than in that of the hummocks. In
contrast with HEIKURAINEN’s (1958) result
DAMMAN’s  (1978) investigation reagards
extremely ombrogeneous sites with Sphagnum
Juscum  hummocks and a  Sphagnum
magellanicum blanket in the bottom vegetation
layer of the mire plane. However, neither of
the above mentioned studies present any
statistical evidance as a basis for their
conclusions.

Although no statistically provable relation-
ship between the peat properties and the
microtopography could be found, the relative
changes of the variables from mire plane to
hummock were calculated (Table 26). The
electric conductivity in peat from all the site
types seems to increase from mire plane to
hummock. Of the other site factors only pH
shows uniformity in the site e series
indicating no change in soil acidity from mire
plane to hummock. In peat from the two less
fertile site types potassium, calcium, and
magnesium contents tend to be higher in
samples from hummocks.

82.2 Variations arising from the geographic
location of the site

The peatlands studied are spread over a
wide latitude range from 60° to 66° N (Figure
1). Climate as well as the properties of bed-
rock and mineral soil vary considerably
within this geographic amplitude, which may
influence on the physical and chemical
properties of the organic soils. The question
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Figure 20. Average bulk density, ash content, acidity, electric conductivity, and cation
exchange capacity of peat samples from hummocks and adjacent mire phm respectively.
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Figure 21. Average total contents of macronutrients in peat samples from hummocks and
adjacent mire plane respectively.
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Table 26. Relative change from mire plane to hummock in physical and chemical properties of peat. Differences signi-

ficant at 5 per cent risk level marked with asterisk.

Relative change from mire plane
to hummock, per cent
Variable
and layer") Herb-rich Ordinary Small
sedge mire sedge mire sedge mire
Bulk density 1 +20 —11 +0
2 + 51 -23 0
Ash content 1 + 83 -13 -15
2 + 0 + 0 -23
Acidity 1 + 0 -2 -2
2 + 0 - 3 + 0
Electric cond. 1 + 26 +25 + 26
2 + 5 + 16 + 2
C.E.C. 1 — 82 - 8 + 2
2 — 89 + 17 - 25
Nitrogen 1 + 65 -22 # 1
2 + 21 + 0 -1
Phosphorus 1 + 20 - 5 + 8
2 + 21 - 11 0
Potassium 1 —43 + 24 + 8
2 - 52 + 385 + 19
Calcium 1 - 10 + 11 + 14
2 - 381 + 2 + 19
Magnesium 1 — 36 + 8 +15°
2 - 57 + 7 + 27

') 1=peat layer 0—10 cm, 2=peat layer 10—20 cm

then rises wheter this kind of influence can be
seen in peat from geographically widespread
vegetation associations belonging to the same
site type.

The main emphasis in the following will be
laid on the relationship between macro-
climate and roperties or peat. However, the
influence otP the lithology, although most
difficult to distinguish, will also be discussed.
In Table 27 are presented coefficients for the
correlation  between the physical and
chemical properties of the peat and the
annual accumulative temperature (SARVAS
1972, HEIKURAINEN 1978a), which is used to
describe the macroclimate.

The number of sample plots representing
herb-rich and small sedge mires are unevenly
distributed along the climatic gradient.
Especially in the case of the latter sites, the
regressions in the 1100—1300 degree days
interval are determined by only a few
observations, the representativeness of which

can be questioned. The same interval is
perhaps over-represented in the case of the
herb-rich sedge mires. Thus, emphasis in the
following is placed on the ordinary sedge
mires. These also comprise the biggest class
with altogether 104 sample plots.

Table 27 shows that among the ordinary
sedge mires there are clear relationships
between climate and bulk density, pH,
electric conductivity, cation exchange capacity
and content of potassium. Significant correla-
tions between the variables mentioned and
macroclimate appear also within the two
other site types. Tge strongest linear relation-
ship is found for potassium, which also in the
herb-rich and small sedge mires shows
significant negative correlations. A negative
linear relationship also prevails with the
degree of acidity and cation exchange
capacity, while the bulk density and the
electric conductivity of peat increase along
with increasing accumulative temperature.
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Table 27. Simple correlations between annual accumulative temperature and physical and chemical properties of peat.

Correlations with annual accumulative temperature
_oal , - = "

Site type 'c S| g _;E‘L g g S g - g £ E
and layer') T = = T = g v = < = = £ z

’ 2| ® |2E| 8 £ | £ U | ® 2 2| 2 g

£ gl x« . - = o1 f u 5 = 2 ot S 80

5213 |32 5§ | 3 £ @ 122 2| 2 S| = =

Zgla |>06]| < < & O |m & 4 = & o =
Herb-rich 1 47 059 —0.22 -0.21 —0.06 0.17 —0.19 0.37 0.04 0.06 —0.56 0.03 0.16
sedge mire 2 26 0.12-0.02 0.09 0.18-0.01 —0.09 —0.04 —0.34 0.04 —0.34 0.11 0.15
Ol‘dinal’y 1103 0.26 -0.16 —0.19 —0.37 0.25 —0.43 0.10 0.00 0.22 —0.41 0.17 0.16
sedge mire 2 96 0.25 -0.10 —0.09 —0.27 0.32 —0.41 0.11 —0.14 0.11 —0.68 0.11 0.17
Small sedge 1 42 -0.07 0.03 0.18-0.35 0.24 -0.26 0.00 0.08 0.24 —0.21 0.31 0.22
mire 2 43 0.07 0.12 0.18-0.18 0.21 —0.28 —0.07 —0.04 0.08 —0.51 0.11 0.26
All types 11192 038 000 0.12-0.10 0.43 —087 042 0.23 0.41 —0.40 0.40 0.38
All types 21165 0.26 0.07 0.11 —0.15 0.35-0386 023 0.0 0.27 —0.51 0.22 0.28
All types 3| 357 027 001 0.12-0.08 0.39—-0.386 034 009 034—-031 032 035

') 1=peat layer 0—10 cm, 2=peat layer 10-20 cm, 3=peat layer 0—20 cm
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Figure 22. Scatter diagrams by layer showing the
relationship between annual accumulative tem-
perature (dd) and bulk density of peat. For the
mathematical models see Table 28.
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Figure 23. Scatter diagrams by layer showing the
relationship between annual accumulative tem-
perature (dd) and acidity of peat. For the
mathematical models see Table 28.
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Figure 24. Scatter diagrams by layer showing the
relationship between annual accumulative tem-
perature (dd) and effective cation exchange
capacity of peat. For the mathematical models see
Table 28.

Examining the scatter diagrams in Figures
22—27 shows that the relationsips are in a
number of cases non-linear and better
described by a second degree polynomial
including both the annual accumulative
temperature and its square. Accordingly,
there are now also significant non-linear
relationships between macroclimate and both
the degree of base saturation and magnesium
content.

In the 1000—1200 degree days interval,
curves describing these relationships show a
more or less pronounced minimum. This
appears most cliarly for pH and magnesium.
The coefficients and the statistical test values
for the regression models formed are
presented in Table 28. The degrees of
explanation are in most cases relatively

Accumulative temperature, degree days

Figure 25. Scatter diagrams by layer showing the
relationship between annual accumulative tem-
perature (dd) and degree of base saturation in peat.
For the mathematical models see Table 28.

modest, between 10 and 20 per cent. This
result is, however, quite satisfactory when
taking into account that the macroclimate is
only one of many factors affecting peat
properties.

In cases where the site factors are influ-
enced by the macroclimate there are only a
few regressions showing a linear or an almost
linear relationship. Some of them, however,
indicate a trend towards a positive or negative
relationship. The question then rises whether
climate is the primary independent variable.
In particular when the regressions indicate a
minimum one can imagine that other factors
thap the climate would better describe the
variations.

In the geographic region corresponding to
the inflexion points of the curves the bed-
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Figure 26. Scatter diagrams by layer showing the
relationship between annual accumulative tem-
perature (dd) and total content of potassium in
peat. For the mathematical models see Table 28.

rock mainly consists of granite diorite and
quartz diorite. Sample plots in the northern
climatic area, with a few exceptions, are
situated on granitic gneiss. In the southern
part of the country the composition of the
bed-rock varies, but can as in the two other
regions be classified into acidic rock (cf.
Figure 1, SIMONEN 1964). In the few cases
where the peatlands sampled fell in areas with
basic or ultra-basic lithologies (8 sample
plots), the site type was no "better” than
ordinary sedge mire.

It must be added that the soil class in the
southern area largely belongs to the clay and
silty soils (OKKO 1964). This possibly
influences the quality of soil water and
thereby also the properties of adjacent
peatlands. However, it can be concluded that

Accumulative temperature, degree days

Figure 27. Scatter diagrams by layer showing the
relationship between annual accumulative tem-
perature (dd) and total content of magnesium in
peat. For the mathematical models see Table 28.

the bedrock would not be a better in-
dependent variable in the regression models
presented (Table 28) than the macroclimate.

When examining the individual relation-
ships between macroclimate and the site
variables one finds that the bulk density of
peat in the upper layer from the herb-rich
sedge mires increases along with increasing
annual accumulative temperature. In peat
from the ordinary sedge mires the trend is not
fully clear. In the 800—1000 degree days
interval the bulk density data shows a
markedly skewed distribution. A number of
clearly individual observations between 60
and 120 g/dm® have certainly influenced the
regression curve.

The strong correlation within the most
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Table 28. The regression models for the relationships between annual accumulative temperature (X,X?*) and physical
and chemical properties of peat (Y).
. Analysis of
i Regression variance
Site type
d layer')
Ay Regr.coeff. Regr.coeff.
Constant X T-value X? T-value R? d.f. | F-value
Bulk density
Herb-rich sedge mire 1 6.074 - 3.90x]0_5 5.08%** | 0.364 1,45 |[25.77°°*
Ordinary sedge mire 1 | 294.040 —0.5139 | 3.18*** 2.48)(10—4 8.31*** 0.160 2,100 | 9.58°**
-7 = 2 | 319.800 —0.5286 2.06* 2.59x10 2.21* 0.109 2,93 5.71**
Acidity
Herb-rich sedge mire 1 11.063 —0.0110 | 2.47** 4.55)(]0_(6i 2.31* 0.272 | 2,44 8.24%°*
Ordinary sedge mire 1 9.863 —0.0097 | 3.43*** 4.llx10_6 3.18%** 0.214 2,100 | 13.58%%*
-7 = 2 10.988 —0.0122 | 4.12*** 5.32)(10_6 3.96°** 0.207 2,93 12.12*°*
Small sedge mire 1 11.187 —0.0129 | 3.80*** 5.8]x10_5 3.62%"* 0.343 2,39 10.16*°*
” 2 15.747 —0.0223 7.64*** | 1.04x10 7.58%** 0.599 2,40 |29.93%°*
Cation exchange capacity
Herb-rich sedge mire 1 48.433 - 6.]7)(]0_6 2.29* 0.104 1,45 5.28*
Ordinary sedge mire 1 55.904 —0.0183 | 4.74*** - - 0.182 1,101 | 22.46°°°
-"= 2 54.616 —0.0188 | 4.31*** - 4 - 0.165 1,94 18.57°°°
Small sedge mire 2 | 174.505 —0.2548 | 2.09* 1.18x10 1.96* 0.158 2,40 3.75°
Degree of base saturation
Herb-rich sedge mire 1 46.348 - l.OOxlO—Z 2.71** 0.141 1,45 7.87**
Small sedge mire 2 191.479 —0.3001 2.91***| 1.41x10 2.88°* 0.177 2,40 4.29°
Content of potassium
Herb-rich sedge mire 1 3.109 - l.26x10_6 4.94*** | 0.852 1,45 |24.45%°°
Ordinary sedge mire 1 3.519 —0.0016 | 4.46*** - - 0.165 1.101 | 19.94%**
e 2 2.404 —0.0015 | 8.97*** - - 0.461 1,94 | 80.44°°"
Small sedge mire 2 7.667 —0.1230 | 1.97* 5.01x1076 | 1.69° 0.313 | 2,40 9.10°**
Content of magnesium
Herb-rich sedge mire 1 11.604 —0.0192 | 8.00*** 8.63x10—2 8.02°** 0.185 2,44 4.99*
” 2 11.610 —0.0200 | 3.36*** 9.09xl()_6 3.42°** 0.352 2,23 6.26""°
Ordinary sedge mire 1 4.663 —0.0075 | 2.94*** 3.56x10—6 3.05%** 0.110 2,100 | 6.18%*
" 2 5.259 —0.0088 | 3.14***| 4.14x10 8.24** 0.127 2,98 6.77%*

') I1=peat layer 0—10 cm, 2=peat layer 10-20 cm

fertile site type is partly due to the peat from a
number of additional sample plots (Figure 1)
showing a high bulk density (x = 81.8 g/dm?).
When comparing with average data for the
rest of the sample plots (X = 60.6 g/dm?) in the
same climatic region (> 1 000 dd) one finds a

significant difference (t,, = 8.64***). However,
even when excluding these additional
samples, peat from the southern region show
a higher bulk density than peat from the
northern region. (X = 34.4 g/dm®) (WESTMAN
1979b).

To what extent this difference in bulk
density originates from a higher decomposi-
tion degree of peat in the southern region, or
whether it arises from a change in the
composition of peat cannot be decided. It is
worth taking into account that the sample
plots in the southern region have in general a
more developed tree stand than those in the
north. This may result in a larger proportion
of woody peat affecting the peat properties.
However, the volume weight of the organic
matter does not show any relationship with
the climatic gradient (Table 27).

The effective cation exchange capacity of
peat is, without any doubt negatively
correlated with the macroclimate. The degree
of acidity, on the other hand, shows, a non-
linear regression which, at least in the upper
layer indicates a tendency towards a negative
relationship (Figures 23, 24, Table 28).
Because of the connection between the two
variables (Tables 5—7, ch. 81.4, 81.5) one can
also expect them to react similarly for
variations in the macroclimate. With all
probability the humification process is
climate dependent; low temperatures and
high  humidity have a definite negative
influence on the microbial activity in soil (cf.
MIKOLA 1960, LAHDE 1974). Even purely
chemical processes are directly affected by
temperature and water supply. As a conse-
quence, the humus products built up under
different climatic conditions may differ to
their chemical properties. For instance, at
approximately equal bulk density, the
proportion of acid equivalents may vary as
can also the acid strength of the organic
matter. This is a plausible reason for the
negative trends shown by effective cation
exchange capacity. Correlation with bulk
density can also explain some of the climate
dependence of the cation exchange capacity
(cfP Tables 5—7, 27, ch. 31.5). The species
composition of surface vegetation shows a
climate dependence (Table 1), which can have
an additional influence on the variation of
exchange capacity of peat (cf. PUUSTJARVI
1956).

The same factors which connect the cation
exchange capacity to the climate probably
also influence the soil pH. However, since
fresh plant material was included in samples
from the upper peat layer, the non-linear
relationship in this case can have a connection
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with the physiological activity of the soil flora
and fauna. Under the severe climatic
conditions of northern Finland root activity
had more or less stagnated at the time of
sampling (August), while root growth and
nutrient uptake still took place under the
more favourable conditions of southern
Finland (cf. SCHEFFER & SCHACHTSCHA-
BEL 1976). Similarly, the microbial activity
culminates at different times in north and
south Finland.

The relationship between macroclimate
and the nutrient content of peat has been
examined by dividing the same sample
material into two climatic regions with the
annual accumalative temperature 1000
degree days as a limit (WESTMAN 1979a). It
was established that the potassium content of
peat in the southern region was significantly
lower than that in the northern region. The
opposite held for the nitrogen content in peat
from the herb-rich and ordinary sedge mires.
LUNDMARK (1974) has in investigations on
forest soil raw humus in Sweden found
similar gradients for the two nutrients.

When examining the corresponding
correlations on the basis of Table 27 one finds
that potassium in most cases is significantly
negatively correlated with the annual
accumulative temperature, while no correla-
tion prevails in the case of nitrogen. The
explanation for the lack of correlation in the
latter case, although WESTMAN (1979a) has
shown significant differences between the two
regions, must be due to the considerable
variation of the nitrogen data. As there is no
ecological basis for dividing at 1000 degree
days either, the trend obtained can be a result
of non-climatic random effects. On the other
hand, it is conceivable that a larger sample
material distributed evenly over the geo-
graphic range would better illustrate a
relationship.

The clear negative correlation between the
macroclimate and the content of potassium
can no doubt largely be explained by
correlation with the cation exchange capacity
(cf. Tables 4—7, 27, ch. 81.8). Differences in
the peat forming plant community (cf. Table
1) as well as in the site requirements of plants
and thereby changed nutrient uptake
(Damman pers. comm.) can also contribute to
the climate dependent variations of potas-
sium. On the other hand, potassium is the
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most mobile nutrient cation in peat (cf.
STARR & WESTMAN 1978, MANNERKOSKI
1980), and therefore an additional input with
moving soil water could be likely. However,
contamination with underlying and sur-
rounding mineral soil should affect also other
mineral nutrients and in particular the ash
content of peat. Of these only the magnesium
content is clearly related to the climate and
shows a clear but unexplainable minimum in
the degree days interval 1 000—1 200. It must
further be pointed out that there exists no
relationship between potassium content and
accumulative temperature in peat from the

2000
Nitrogen
-rich sedge mire
I 0-10cm
) 10-20cm
1500 Ordinary sedge mire
== 0-10cm
s Y 10-20cm
; Small sedge mire
* & 0-10cm
1000, |||||| 10-20cm

5004

kg/ha

herb-rich sedge mires, the most miner-
ogeneous of the three site types.

33. The relationship between soil
nutrient status and timber pro-
duction capacity of the sites
studied

33.1 The absolute amounts of macronutrients in
peat in relation to tree growth requirements

The average absolute amounts of nutrients
in peat from the three site types have been

100,
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Figure 28. Histograms showing the average absolute amounts of macronutrients in surface

peat from the sedge mires.
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Table 29. Critical D-values at 5 % risk level from the Student-Newman-Keul’s test of the average absolute amounts of

macronutrients in peat (Figure 28).

Critical D-values, Herb-rich Ordinary Small
kg/ha sedge mire sedge mire sedge mire
1 2 1 2 1 2
1
Herb-rich 1 - 500 262 209* 311 280
sedge mire 2 - 579 533 692 634
Ordinary 1 " - 159 78* 141
g Nitrogen

sedge mire 2 - 218 171*
Small 1 - 193
sedge mire 2 —
Herb-rich 1 — 22 14 11 13 15
sedge mire 2 - 26 24 31 28
Ordinary 1 Phosphorus — 7.3 4.5 5.0%
sedge mire 2 - 10 7.9
Small 1 - 6.8
sedge mire 2 -
Herb-rich 1 — 3.1 4.3 5.5 4.5 6.0
sedge mire 2 - 3.2 4.4 3.2 4.6
Ordinary 1 Potassiain - 4.4* 3.7 4.9
sedge mire 2 - 3.9 5.0
Small 1 - 3.2
sedge mire 2 -
Herb-rich 1 - 104 74 58 91 79
sedge mire 2 = 126 111 145 133
Ordinary 1 Calcium - 28 17* 22
sedge mire 2 - 39 30
Small 1 = 30
sedge mire 2 -
Herb-rich 1 - 17* 15 12 19 17
sedge mire 2 - 20 18 24 22
Ordinany 1 Magnesium - 5.9 4.2% 4.8°
sedge mire 2 . - 8.1 6.3
Small 1 - 6.6%
sedge mire 2 -

1) 1=peat layer 0—10 cm, 2=peat layer 10—20 cm.
P Y P )

calculated separately for both peat layers
(Figure 28). Statistical testing (Table 29, ch.
31.6—10) shows that the absolute amounts
follow the same gradients as shown for the
corresponding concentration contents. It is of
s eciar importance for the subsequent
£scussion that the potassium data, when
expressed in absolute figures, follows the

established quality gradient of the site series
and that the difference between the two peat
layers is levelled. For the other nutrients the
difference between the two layers is now more
pronounced.

The mean absolute amount of nitrogen
calculated for both sampling layers together
increases from 1 060 kg/ha to 1 210 kg/ha and
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to as much as 2920 kg/ha in the site series
from the least to the most fertile site type.
HOLMEN (1964) has for comparable sites
found nitrogen amounts of 1000 and 4 500
kg/ha respectively in a 20 cm deep peat layer.
Compared with mineral soils where nitrogen
supply most often is growth limiting (cf.
ALBREKTSSON et al. 1977), the nitrogen
status in peat soils has been considered
adequate. However, the nitrogen data in
Figure 28 do not differ greatly from the
amounts given by VIRO (1969) for mineral
forest soils in south Finland. Accordingly, the
nitrogen amount in the raw humus layer
varies between 430 and 620 kg/ha and in a 30
cm deep mineral soil layer between 1 910 and
2930 kg/ha.

Whether a nitrogen amount of between
1 000—3 000 kg/ha/ and 20 cm is sufficient for
continuous timber production, can be
discussed. HJERTSTEDT (1936) considers
amounts between 8 000 and 10 000 kg/ha and
20 cm moderate for agriculture while
HOLMEN (1969) gives values between 2 000
and 8 000 kg/ha and 20 cm as the minimum
requirement for timber production on
drained peatlands. SEPPALA and WESTMAN
(1976) have measured increased stand growth
after nitrogen fertilization on drained sedge
pine mires and eutrophic sedge pine mires in
north Finland, the nitrogen supply of which is
considered satisfactory, and even good. The
mean amount of nitrogen in the 20 cm deep
surface peat layer from the experimental
fields was 2097 + 539 kg/ha. On the basis of
the average values (Figure 28) and data given
in literature it seems that only the most fertile
site type show a nitrogen status allowing
forest production without application of
commercial fertilizers.

When examining the phosphorus and
potassium amounts, which are generally
considered as the most growth limiting
nutrients on drained peatlands (e.g. HUIKARI
& PAAVILAINEN 1972), one finds that the
absolute amounts in the topmost peat layer
increase in the site series from the least to the
most fertile sites: 42, 62 and 146 kg/ha
phosphorus and 74, 97 and 107 kg/ha
potassium, respectively.

Compared with mean amounts, 260 and
490 kg/ha phosphorus reported by KAILA
(1956a), the amounts found here must be
considered very low. Kaila has obviously

transformed the nutrient contents into
absolute amounts by using artificial labora-
tory bulk densities. This generally results in
overestimation of the absolute amounts.
HOLMEN (1964) gives 60 and 150 kg/ha
phosphorus for two drained mire sites and
considers (HOLMEN 1969) that 150 kg/ha in a
20 cm layer is a minimum for continuous
timber production. In relation to this
minimum requirement, the rhosphoms
amounts found here are still low, in
particular, in peat from the two less fertile
sites. The amount of phosphorus in peat from
the small sedge mires is only a third of the
minimum limit mentioned above. The phos-
Ehorus deficiency is enhanced by most of it

eing fixed in organic form (KAILA 1956a).
According to SEPPALA and WESTMAN (1976)
on sedge mires in north Finland with an
average amount of phosphorus of 134 + 35
kg/ha stand growth responses to an appli-
cation of phosphorus fertilizers.

Related to the potassium amounts given by
HEIKURAINEN (1953) for north Finnish
eutrophic pire mires in the vegetation
continuum next to the sedge mires, potassium
amounts in this study are relatively small.
HOLMEN (1964) gives, on the other hand, for
the drained sites mentioned above, 50 and
110 kg/ha potassium, suggesting 100 kg as a
minimum requirement for forest production
(HOLMEN 1969). According to the data in
Figure 28, again only the herb-rich sedge
mires exceed this limit. When taking into
account the annual potassium uptake, which
in 28 to 45 year old pine stands on mineral
soils varies between 10 and 18 kg/ha (MALKO-
NEN 1974), one can ask the question if even
the minimum amount given by Holmen is
sufficient. However, potassium application
has had no effect on stand development in the
fertilization experiment described by SEP-
PALA and WESTMAN (1976). On the
experimental fields the average amount of
potassium in peat was no higher than 81 + 4
kg/ha. On the other hand the main part of
the potassium in peat is bound in easily
extractable from (KAILA & KIVEKAS 1956,
STARR & WESTMAN 1978). Thus, normal
stand growth may continue until a sudden
decrease in potassium supply causes a total
dieback.

It is evident that only in peat from the
herb-rich sedge mires the three most

important macronutrients show a balance
which is satisfactory with regard to
continuous timber production. Against this it
is interesting that productivity studies
(HEIKURAINEN 1959, 1972, HEIKURAINEN
& SEPPALA 1978, KELTIKANGAS & SEPPALA
1973) as well as practical experience show that
the tree stand without fertilizer application on
the three site types investigated develops well
after drainage. When comparing these
peatland site types with mineral soil forest site
types, the stand increment of ordinary and
small sedge mires is 77 and 50 per cent
respectively of that on Myrtillus site types in
south Finland. The stand development on the
herb-rich sedge mires is even more advanta-
geous (e.g. HEIKURAINEN 1959). Conse-
quently, it seems as if HOLMEN’s (1969)
minimum requirements were placed some-
what  on the higher side. However,
HOLMEN’s (1964, 1969) minimum require-
ment levels were estimated on the basis of data
from only one particular drained peatland
complex. Further, the changes occuring in
peat after regulation of soil water have surely
affected the nutrient balance of the site.
Even if the active rooting zone after
drainage does not absolutely seen extend
much deeper than prior to water regulation
(HEIKURAINEN 1955, PAAVILAINEN 1968),
lowering of the ground water table imply
anyway that the uptake of nutrients can
occure more intensively. Of much greater
importance for the nutrient budget than the
small increase in root penetration depth is the
considerable change in the peat mass of the
rooting zone. Forest drainage directly
influences the bulk density of the organic soil
through an increased turnover rate. In
addition, a vigorously growing tree stand
exerts an ever increasing mechanical pressure
on the spongy substrate. As the bulk density
already in natural conditions increases with
increasing peat depth (cf. ISOTALO 1951),
even a small change in the depth of the
rooting zone mazl give a much greater
improvement in the nutrient balance than
indicated by the volumetric change as such.
This process is of particular importance as
primarily the contents of, in the first place,
nitrogen and phosphorus increase with
increasing  bulk density (ch. 81.6-7).
Secondly, the absolute amount of nutrients in
peat is strongly dependent on the bulk
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density.

The increased peat mass in the rooting zone
after drainage is thus a satisfactory
explanation for the good timber production
obtained on the sites in question. Conse-
quently, there is every reason to strongly
emphasize the importance of the bulk density
of peat when evaluating the nutrient balance
of asite. Estimating the quality of a site on the
basis of nutrient contents (mg/g) only can
result in a considerable error. Further, it must
be stressed that the average absolute amounts
(figure 28) were calculated after trans-
formation of the nutrient data. Owing to this,
the effect of high individual observations was
to some extent eliminated.

The importance of calcium in soil has
possibly been to some extent overestimated
in  forestry when applying experiences
obtained in agriculture. The element has
gained importance primarily with regard to
its general influence on soil properties rather
than as a nutrient. This emphasis is
important, however, when examining acid
peat soils, where the microbiological nutrient
mineralization is highly dependent on soil
acidity. The absolute amount of calcium
calculated for the 20 cm deep peat layer varies
between 197 kg/ha and 764 ﬁg/ha (Figure 28),
most of it being fairly easily available to
plants (STARR & WESTMAN 1978). Compared
with calcium uptake in middle-aged pine
stands (MALKONEN 1974), one can state that
the amounts found are satisfactory. KAILA
and KIVEKAS (1956) report somewhat higher
amounts. The reason for this difference is,
however, found in the calculation method
where artificial bulk density was used.

In principle, magnesium influences the
substrate in the same way as calcium, as it is
also a basic cation, but the amount of
magnesium in soil is considerably smaller
than that of calcium. It is thus likely that the
supply for uptake by plants is of greater
importance than its general effect on soil
processes (cf. KIVEKAS & KAILA 1957). Some
60—70 per cent of the total magnesium in peat
is easily available to plants (STARR &
WESTMAN 1978). The absolute amount of
magnesium calculated for the 20 cm deep
peat layer varies between 52 and 149 kg/ha,
which approximately corresponds to data
reported by KAILA and KIVEKAS (1956) for
the surface layer from virgin peatlands.
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Figure 29. Scatter diagram showing the relation-
ship between site quality index and the absolute
amount of nitrogen in the 20 cm deep surface peat
layer. For the mathematical models see Table 31.
1 = All sample plots

2 = Sample plots with annual accumulative tem-

perature << 1050 dd

8 = Sample plots with annual accumulative tem-
perature > 1050 dd

4 = Sample plots remaining when extremes are
excluded

5 = Sample plots with annual accumulative tem-

perature << 1050 dd, extremes are excluded.
Data from the extreme sample plots are marked
with open symbols, the corresponding bulk
densities are given in g/dm?®.

Compared with the amount of 1.1 kg/ha
magnesium given by BRINGMARK (1977) for
annual above ground net uptake in an old
pine stand on poor mineral soil, the
magnesium content in peat from the site
series studied seems to be satisfactory.

Site quality index

Figure 30. Scatter diagram showing the relation-
ship between site quality index and the absolute
amount of phosphorus in the 20 cm deep surface
peat layer. For the mathematical models see Table
31, symbols legend is given in Figure 29.

33.2 Prediction of site quality index on the basis of
soil fertility data

As seen in chapter 33.1, the supply of
nitrogen, phosphorus and potassium in peat
from, in particularly, the two less fertile site
types may be factors limiting stand develop-
ment after drainage. Neither does peat from
the herb-rich sedge mires show more than
adequate amounts of the nutrients; with
regard to the nutrient supply the site type
series is at the least fertiﬁa end of the site
amplitude of pine. This certainly facilitates
setting up an overall model for the relation-
ship between the nutrient economy of soil
and the timber production potential. Site
quality index (HEIKURAINEN 1978a, ch. 12,
28) is used as a measure for timber
production potential.
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Figure 31. Scatter diagram showing the relation-
ship between site quality index and the absolute
amount of potassium in the 20 cm deep surface
peat layer. For the mathematical models see Table
31, symbols legend is given in Figure 29.

The relationships between the site quality
index (X) and the absolute amounts of the
macronutrients in the topmost 20 cm deep
peat layer (Y) are illustrated in Figures 29—33.
Despite considerable variation the scatter
diagrams indicate correlations between the
site quality index and the absolute amounts of
nitrogen, phosphorus, calcium and magne-
sium. Correlation coefficients using the
logarithmically transformed absolute
amounts can be seen in Table 80. It is
interesting that a strong correlation is
obtained with phosphorus, while that with
nitrogen and potassium, which were expected
to be of simifar importance for site quality,
are no higher than 0.86 and 0.02 respectively.
On the other hand the calcium and magne-
sium contents, which were assumed to affect
stand development indirectly, show remark-

Site quality index

Figure 82. Scatter diagram showing the relation-
ship between site quality index and the absolute
amount of calcium in the 20 cm deep surface peat
layer. For the mathematical models see Table 31,
symbols legend is given in Figure 29.

ably strong correlations.

The variation of the absolute amount of
nitrogen, and to some extent also the
phosphorus amount, show certain features
affecting the correlations. It appears from the
scatter diagram in Figure 29 tﬁat the absolute
amount of nitrogen in the site quality index
interval 1.0-2.5 show an extremely skewed
distribution. It even seems as if the
observations within the interval would
represent two different populations. A closer
examination reveals that these high individual
nitrogen amounts in most cases correspond
to sample plots situated in north Finland
(annual accumulative temperature < 1050
dd.). The plots are distributed between the
three site types in approximately the same
way as the entire material, the proportions
from the least to the most fertile site type
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Figure 33. Scatter diagram showing the relation-
ship between site quality index and the absolute
amount of magnesium in the 20 cm deep surface
peat layer. For the mathematical models see Table
31, symbols legend is given in Figure 29.

being 33, 58 and 8 per cent and 26, 64 and 16
per cent, respectively. These series indicate
that the proportion of small sedge mires
amongst the extreme sample plots would even
be somewhat higher at the expense of the
most fertile sites.

When examining all the site variables
registered, one finds common denominators
for the sample plots with extreme amounts of
nitrogen. On one hand, bulk density tends to
be relatively high (cf. Figure 29) and, on the
other hand, there is a considerable propor-
tion of Sphagnum cuspidatum in the ground
vegetation bottom layer. The high bulk
density has surely contributed to the extreme
nitrogen and phosphorus figures as the
contents of the two nutrients show clear
positive dependence on the bulk density

Herb-rich sedge mire =—-———
Ordinary sedge mire =——«=—— ~
Small sedge mire

6 7 -

Site quality index
AN
N

9?0 11|00 13]00

Accumulative temperature,
degree days

Figure 34. The relationship between site quality
index (Heikurainen 1973a) and annual accumula-
tive temperature.

(Tables 4 and 18 Figure 11). This effect is
further strengthened in transforming the
contents into absolute amounts. No causal
reason for the high bulk densities can, how-
ever, be given. The occurence of Sphagnum
cuspidatum is somewhat controversial as this
moss dominates in extremely wet parts of the
mire plane and often forms relatively non-
compact populations (cf. NYHOLM 1969). It
cannot be excluded either that the high
nitrogen contents are results of autotrophic
nitrogen fixation, although the white moss
species Sphagnum cuspidatum as such does not
indicate this (KALLIO & KALLIO 1975,
BASILIER 1979).

In the following, calculations will be made
both for the entire material and after
exclusion of the 12 sample plots subjectively
classified as extreme cases (cf. Figures 2988,
Table 80). As expected, these plots have
strongly influenced the relationships between
the site quality index and the two organically
bound nutrients: nitrogen and phosphorus,
the latter nutrient now being more strongly
correlated with the site quality index than
calcium (Table 80). Little change takes place
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Table 30. Simple correlations between the site quality index and the logarithmically transformed absolute amounts of

macronutrients,
Correlations in
the entire = i ~ E
Corre. material T:c ; _E::’ 5 g %
lations in % e % '2.. i 53
T ] = 2 ] S
the reduced = z ~ [ O =
material
Entire climatic region
n=160
Site quality index - 0.36 0.51 0.02 0.56 0.54
Nitrogen 0.53 - 0.90 0.21 0.78 0.67
Phosphorus 0.65 0.90 — 0.21 0.75 0.66
Potassium 0.03 0.24 0.24 - 0.25 0.29
Calcium 0.63 0.81 0.77 0.24 - 0.87
Magnesium 0.57 0.76 0.73 0.33 0.89 -
n=148
Northern climatic region (<1050 dd) n=87
Site quality index - 0.19 0.34 0.19 0.30 0.25
Nitrogen 0.29 - 0.90 0.21 0.71 0.52
Phosphorus 0.44 0.82 - 0.19 0.63 0.46
Potassium 0.20 0.32 0.28 - 0.40 0.42
Calcium 0.37 0.66 0.57 0.43 - 0.81
Magnesium 0.30 0.61 0.54 0.47 0.86 -
n=77
Southern climatic region (>1050 dd)
n=73
Site quality index - 0.53 0.60 0.54 0.62 0.64
Nitrogen 0.59 i 0.91 0.32 0.86 0.80
Phosphorus 0.64 0.91 - 0.44 0.81 0.77
Potassium 0.52 0.36 0.46 - 0.35 0.40
Calcium 0.63 0.87 0.81 0.35 - 0.89
Magnesium 0.67 0.81 0.77 0.42 0.89 -
n=71

in the case of the other elements. The
coefficients for the individual regressions for
the entire climatic region as well as separetely
for the two climatic regions ( <1050 dd. >)
are presented in Table 31.

The division into two climatic regions is
motivated by the site dependent relationship
between site quality index and macroclimate
(Figure 34). Thus, rzor example, the herb-rich
sedge mires under severe climatic conditions,
despite a favourable nutrient economy,
obtain the same site quality indices as the least
fertile site type does in south Finland. (cf.
HEIKURAINEN 1973a).

Except for potassium, which shows no
correlation, the degrees of explanation for the
entire material vary between 10 and 30 per
cent. The best results are obtained with
calcium and magnesium. In models for the
northern climatic region ( <1 050 dd.) lower
degrees of explanation are generally obtained
and in the case of nitrogen there is no
correlation. On the other hand, in the
southern climatic region (>1050 dd.) the
degrees of explanation rise to between 30 and
40 per cent. The strongest correlation in this
region is obtained with magnesium. There is
also a clear positive dependence (R? =0.291)
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Table 31. The regression models for the relationship between the site quality index (X) and absolute amounts of the in-

diviadual macronutrients (Y).

Analysis of

Dependent Regression variance
variable and
climatic region') Constant |Regr.coeff| — T-value R? d.f. F-value

Entire material
In N E 6.757 0.142 4.81%*" 0.128 1,158 23.12%**
In N S 6.106 0.262 5.26%"* 0.281 1,71 27.12%**
InP E 3.544 0.199 7.40%** 0.258 1,158 54.83°%°
InP N 3.325 0.352 3.33*** 0.115 1,85 11.08%*
InP S 2.986 0.299 6.40*"* 0.366 1,71 40.96°°°
InK S 3.286 0.210 5.40*** 0.291 1,71 29.15>*%
InCa E 4.973 0.214 8.40*** 0.309 1,158 70.63%%*
In Ca N 4.905 0.282 2.88** 0.089 1,85 8.31**
In Ca S 4.437 0.313 6.67*°* 0.385 1,71 44.48°°"
In Mg E 3.635 0.179 8.10%** 0.293 1,158 65.55%"°
In Mg N 3.690 0.184 2.41*"° 0.064 1,85 581*%
InMg S 2.959 0.303 6.98*** 0.407 1,71 48.78°°*

Reduced material
InN E 6.502 0.188 7.61%** 0.284 1,146 57:98%**
InN N 6.483 0.231 2.59** 0.082 1,75 6.73*
InN S 5.922 0.295 6.03%** 0.345 1,69 36.39°°"
InP E 8.385 0.285 10.24*** 0.418 1,146 104.87°°%*
InP N 3.196 0.341 4.27%** 0.195 1,75 18.21°°°
InP S 2.846 0.324 6.91°** 0.409 1,69 47.718%*°
InK S 3.324 0.202 5.00%** 0.266 1,69 25.04°°°
InCa E 4.827 0.240 9.76%** 0.395 1,146 95.18°°°
In Ca N 4.781 0.321 8.50%** 0.140 1,75 12.26°°"
In Ca S 4.353 0.827 6.80°** 0.402 1,69 46.29°°°
In Mg E 3.574 0.189 8.82%** 0.321 1,146 69.17°°°
InMg N 3.590 0.222 2.74** 0.091 175 1.52**
InMg S 2.841 0.325 7.46°** 0.447 1,69 55.71°**

1) E=entire climatic region, N=northern climatic region (

between potassium and the quality index. It is
a matter of course that the explanation power
of especially the models for the entire climatic
region increases when extreme sample plots
are excluded.

An interesting feature with the models set
up is that they explains upto 30—40 per cent
o? the relationships between the site quality
index, which is an average index for potential
productivitrl, and individual fertility factors.
However, the regression coefficients obtained
are not only indications of the direct
correlation between the growth potential and
the individual nutrient level, but also reflect
the effects of other variables not included in
the models. Since there prevails strong

1050 dd), S=southern climatic region (1050 dd).

correlations between the various nutrients
(Tables 4, 31) this implies that, in the first
place, several nutrients influence the regres-
sion coefficient in each individual nutrient
model (cf. SNEDECOR & COCHRAN 1968).
This multiplicative effect is best described by a
multiple regression model:

Y=2aX, +aX;...+apXp + C

Nearly 50 per cent of the variations in the
site quality index can be explained in a
multiple regression model using the nutrient
data. (Table 82, model 1). If the annual
accumulative temperature is also included as
another independent variable, the degree of
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Table 32. The multiple regression models for the relationship between the site quality index (Y) and the logarithmically
transformed absolute amounts of macronutrients (X). In the overall models annual accumulative temperature is used

as an additional independent variable.

Analysis of
Independent Regression variance
variables
Constant Regr.coeff. T-value R? d.f. F-value
Entire material
model 1
InN -2.185 5.91%**
InP 2.101 6.06%**
InK 2.720 —0.529 2.57* 0.481 5,154 28.54***
InCa 1.144 8.19%*¢
In Mg 0.699 1.96*
model 2
InN —-0.575 2.78**
InP 0.616 3.10%**
InK —7.880 0.336 2.93°%* 0.854 5,154 180.831%**
In Ca 0.620 4.42%%*
InMg = _g -
accum. temp. 7.21x10 20.18%**
Reduced material
mode!
InN —1.874 S.44%%*
InP 2.016 5.70%**
InK —0.246 —0.503 2.40* 0.520 4,143 88.79***
In Ca 1.290 4.88%**
In Mg - -
mode!
InN - -
InP 0.360 2.51*
InK —10.064 0.391 3.07*** 0.859 5,142 172.81%**
In Ca 0.793 4.08%**
In Mg ~0.497 2.28°
accum. temp. 7.25x10 19.46"°°

explanation is increased to above 85 per cent
(Table 82, model 2). In the latter model
magnesium, was not taken as an independent
variable, but the regression is highly
influenced by the calcium economy. As this
element and magnesium are strongly corre-
lated (cf. ch. 81.9, Table 80), it is likely that
the effect of magnesium is included in the
regression coefficient for calcium.
Calculating the overall regressions after
excluding the sample plots showing extreme
peat properties, reveals that the models are to
no notable degree affected. Taking only the
absolute amount of nutrients as independent
variables increases the degree of expr;nau'on
by approximately 4 percentage units (Table

82, model 3). In the model including the
annual accumulative temperature the same
degree of explanation is obtained as in the
model with the entire material, i.e. 85 per
cent (Table 32, model 4).

In the two models with the reduced
material, magnesium has been excluded in
the former case, while using the annual
accumulative temperature as an independent
variable has resulted in an increased
importance of magnesium. Of greater interest
is that multicolinearity between the nutrients
and the temperature climate in the last model
(4) eliminates the effect of the nitrogen factor,
a trend also to be seen in the models with the
entire material.
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The influence of nitrogen in the models is in
general unexpected. The regression coeffi-
cients are throughout negative, although the
correlation between nitrogen amount and site
quality index is clearly positive (Figure 29,
Table 30). Explanation for this discrepancy
must be sought in the complicated relation-
ships between the nutrients. When the
multiple regression is gradually built up on
the basis of the partial correlations between
the dependent and not yet included in-
dependent variables, an individual positive
correlation can become a negative in the
regression model. This occurs with the corre-
lation between nitrogen and the site quality
index when, besides the effect of the
accumulative temperature, those of phos-
phorus and calcium are eliminated. The
coefficient for the simple correlation then
changes from 0.37*** to — 0.25***. These
correlations also give a plausible explanation
for there being no tangible differences
between the models set up for the entire as
well as the reduced materials. The high
nitrogen amounts characterizing the extreme
sample plots have certainly contributed to the
negative partial correlations.

Owing to the correlation between the
independent variables one cannot, although
the models in Table 32 give high degrees of
explanation, draw any conclusions regarding
the relative importance of the individual
variables. However, if one calculates on the
basis of the simple correlations (Table 30) the
partial correlations with the site quality index
the importence of individual nutrients is seen.
By eliminating the effect of one or several
variables a theoretically pure correlation
between any individual variable and the site
quality index is obtained. As the accumulative
temperature primarily determines the site
quality index as well as affects the content of
certain nutrients and the bulk density of peat
(ch. 82.2), its effect on the simple correlations
will be examined first. It appears that the
correlation between potassium amount and
site quality index is affected the most; after
elimination of the temperature climate a
significant positive correlation is obtained
(Tables 30, 33). The correlations between the
other nutrients and the site quality index are
not altered to any high 3egree and the
strongest correlation is still obtained with
calcium.

Table 383. Partial correlations between the site quality index and the logarithmically transformed absolute amounts of

macronutrients.

Partial correlations with site quality index after elimination of: .
Correlated g f
variable accum. accum. accum. accum. | accum. _: £
accum: temp. temp. temp. temp. temp. g -
temp. +N +P +K +Ca + Mg < E]
a z
Entire material n=160
InN 0.37 - 0.07 0.30 —-0.04 0.15 -0.22 P, Ca
InP 0.44 0.27 - 0.37 0.13 0.27 0.24 N
InK 0.39 0.33 0.30 - 0.26 0.27 0.25 P, Ca
In Ca 0.51 0.38 0.31 0.43 - 0.38 0.82 N
In Mg 0.41 0.24 0.20 0.29 —0.04 - —0.10 N, K,Ca
Reduced material n=148
InN 0.45 - 0.01 0.38 0.06 0.28 -0.13 P, Ca
InP 0.51 0.28 - 0.44 0.22 0.34 0.24 N
InK 0.38 0.27 0.24 - 0.24 0.28 0.24 P, Ca
InCa 0.55 0.34 0.30 0.47 - 0.87 0.34 N
In Mg 0.43 0.18 0.15 0.32 —0.08 - -0.18 N, K, Ca

When eliminating in addition to accu-
mulative  temperature, the individual
nutrients one by one in proper order, calcium
and potassium in each case give the strongest
I__)artial correlations (Table 83). This holds also
for the partial correlations where, besides
annual accumulative temperature, the effect
of four nutrients on the correlation of the
remaining element is eliminated. Further, on
the basis of these calculations, the positive
relationship between the nitrogen amount
and site quality index (Table 30) is explained
by multicolinearity with phosphorus and
calcium. Excluding the effect of the two
elements results in the previously mentioned
negative partial correlation of nitrogen. In
this connection can be stressed that the strong
correlations between on one hand nitrogen
and phosphorus and on the other hand
between nitrogen and calcium give rise to an
apparent correlation between phosphorus
and calcium.
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To conclude, it seems that nitrogen,
phosphorus and calcium used individually or
in combinations affect mostly the simple
correlations given in Table 30. Only the
relationship between absolute amount of
magnesium and site quality index is to some
extent affected also by correlation with the
amount of potassium in peat. The im-
portance of calcium and potassium in
explaining the site quality index as well as the
dominance of the phosphorus amount over
the nitrogen amount (Table 83) is in
accordance with the established opinion of
the nutrient balance in peat. Of the two
former elements, calcium is primarily
connected to the trophy concept of the site
series investigated. Potassium and phos-
phorus are traditionally considered the most
growth limiting macronutrients on drained
peatland sites (LUKKALA & KOTILAINEN
1951, HUIKARI & PAAVILAINEN 1972,
HEIKURAINEN 1978b).



4 Concluding remarks

This investigation is based on the
assumption that the the timber production
potential of sites within a uniform climatic
region is determined by the water and
nutrient supply in the soil. By eliminating the
variation of one of the factors, it is possible to
examine the other. The assumption clearly
simplifies the complex interaction between
the site factors and the corresponding
vegetation association, an interaction difficult
to examine on the basis of any individual
factor (cf. DICKSON 1962, HOLMEN 1964).
By limiting a study to a defined section of a
vegetation continuum one can, however, state
that hydrology and nutrient supply in soil are
the most important factors in determining the
site quality. Whether one then, by relating the
composition of the surface vegetation to the
physical and chemical properties of soil, can
draw conclusions about the timber produc-
tion potential, is debatable.

Productivity studies (e.g. HEIKURAINEN
1959, ILVESSALO 1965) and a vast experience
in practice have indeed given a satisfactory
picture of postdrainage stand development
on different site types (CAJANDER 1909,
1918), but the move towards an under-
standing of the relationship between direct
measured soil properties and productivity is
difficult. Initially there are difficulties” in
obtaining a representative sample and in
choosing the right methods for determination
of soil properties as well as in expressing the
analytical results in a meaningful way. The
first mentioned difficulties are particularly
experienced on mineral soils. There nutrients
are derived from minerals and the plant
available fractions and the rate of miner-
alization are difficult to define. Further, the
soil type formation gives rise to several

ronounced horizons in the rooting zone to
ﬁe sampled.

In peat soils, where the nutrients are either
bound in organic forms or absorbed in the
ion exchange comple, it is relatively sim&le
to measure the nutrient economy. In this
case, total nutrient contents can be deter-
mined using the same methods as for plant
material, which are relatively straight-

forward, simple and quick. As a peat deposit
as such is a soil type horizon no restrictions
on sampling arises from this point of view.
Decisions about sampling depth is mere a
uestion of defining the layer of importance
?or the nutrient economy of the site. In this
study, the topmost 20 cm layer has been
taken, which is frequently used in peatland
forestry (e.g. HOLMEN 1969 PAARLAHTI el
al. 1971). It is, however, probable that
sampling from a deeper peat layer would
better describe the quality of peatland sites.
Finally, peat soils due to the nature of the
peat forming process probably are more
homogeneous than mineral soils.

The aim of the investigation was to
examine the relationship between the
properties of surface peat and the ground
vegetation of the sedge mires: a site series
which was assumed to meet the criteria given.
Sample material was collected from virgin
sites all over Finland, the validity of which
with regard to statistical testing will be
discussed in the following.

The sampling was performed by checking
selected peatland areas. In north Finland,
peatlands were selected on the basis of a map
survey of regions known to be rich in
peatlands and, in the central and south part
of the country, by choosing peatland
Ereservation areas and reat]ands that were to

e shortly drained. All sedge mires found
were accepted providing that they could be
considered virgin. Thus, although the
peatland areas were subjectively chosen
sampling within each area was random.
Therefore, statistical testing is valid and
inference possible. It should, however, be
noted that the analysis of variance used
(KORHONEN 1978) in examining the site type
dependence of the soil properties, does not
strictly allow general conclusions to be made.

By limiting the investigation to a few site
types close to each other in hydrological
respect, it was assumed that the variations in
the physical properties of peat could be
restricted and made uniform within the site
series. A closer examination reveals that the
condition is not fully satisfied and that a

certain site type dependence among the
physical properties exists. The bulk density of
peat as well as the degree of decomposition
tend to increase somewhat from the two less
fertile to the most fertile site types. The same
is also true of the ash content of peat, which
on the other hand can equally be allocated to
the chemical properties, as it is a rough
overall value for the content of mineral
nutrients in peat. The significance of dif-
frences in bulk density and degree of
decomposition are limited to the herb-rich
sites. Whether the post-drainage stand
development from a hydrological point of
view is influenced cannot be decided, but the
tendency towards increased bulk density is
important when transforming the nutrient
concentration contents of peat into absolute
amounts per square unit.

In examining the chemical properties of
peat after classification according to site type,
a clear positive relationship is obtained with
the degree of acidity as well as with the
electric conductivity.

The cation exchange capacity does not
show any logical site dependent variations.
Since the electric conduc[ivity and, even more
s0, the pH are overall site factors like the ash
content, the gradients found must be
considered indicative of the site type —
nutrient relationships to be discussed below.
Absence of a relationship between site type
and effective cation exchange capacity is
understandable against the high exchange
capacity of the organic matter. On the other
hand, correlations between cation exchange
capacity, potassium content and bulk density
suggests that the exchange capacity is limiting
for the potassium economy in peat from the
most fertile site type. As peat from these sites
is relatively rich in calcium and magnesium
antagonism between these elements and
potassium in the exchange complex is,
however, a more probable explanation for
this  somewhat surprising finding. In
accordance with this, the degree of base
saturation, which is strongly correlated with
the content of calcium and magnesium in
peat, shows a clearly positive relationship
with the site quality gradient.

The relationship between the content of
macronutrients in peat and the site quality
gradient is surprisingly clear. Differences
between the site types are in the most cases
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statistically significant. If the nutrient status is
expressed as concentration data, i.e. mg
nutrient per gram, clear increases in mean
contents from the least to the most fertile site
type are obtained, excepting for potassium.
Converting on the basis of the bulk density of
peat the nutrient contents into absolute
amounts, i.e. kg nutrient per square unit, re-
sults in a positive relationship even between
potassium and site quality. The trends shown
by potassium and magnesium are interesting
as the site quality has generally been consid-
ered indifferently or even negatively related to
these nutrients (WAREN 1924, BRENNER
1930, HEIKURAINEN 1953, VAHTERA 1955,
HOLMEN 1964). The influence of the bulk
density on the site fertility can also be seen in
the sampling depth dependent changes in the
contents and absolute amounts of nutrients
respectively. The change is considerably
stronger for the absolute amounts and
strongly emphasizes the necessity for expres-
sing site fertility on the basis of absolute fig-
ures. Using the more easily available concen-
tration data may result in a severe underesti-
mation of site quality. The nutrient uptake
process may also be related to a deeper peat
layer than sampled.

To summarize, one can say that within the
sedge mires the absolute amounts of macro-
nutrients follow the accepted quality gradient
of the site type series (LUKKALA & KOTILAI-
NEN 1951, HEIKURAINEN 1959, HEIKURAI-
NEN & HUIKARI 1960). This conclusion
indicates that the plant sociologically based
Cajanderian site classification reflects satis-
factorily the average soil properties that
determine plant growth. Whether one then is
able on the basis of soil chemical analyses to
construct a site classification applicable in
practice is questionable. The relationships
shown are based on mean values calculated
for the various site types. The distribution
within the classes is in all cases considerable.
Placing an individual site at its appropriate
point in a series of sites is thus, under-
standably difficult. The question then
remains, what possibilities are there to
include this within the class variation.

Although no clear influence of micro-
topography (hummock/mire plane) could be
shown, one can assume that a careful
definition of the sampling procedure can
reduce the within site type variation of soil
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data. Another external factor of interest is the
macroclimate. By correlating the soil vari-
ables to the annual accumulative tempera-
ture, indications for its influence were
obtained. The regressions were in several
cases non-linear showing a minimum in the
interval 1000—1200 degree days. This
inflexion point, which is most clearly seen for
the pH and magnesium content, can not be
explained directly by variations in the
macroclimate. Probable reasons may be
variations in the biological activity in soil at
the time of sampling. It could not be
excluded either that the magnesium balance
is influenced by the underlying mineral soil.

Linear or almost linear regressions with the
annual accumulative temperature were
obtained with the effective cation exchange
capacity and content of potassium, each of
which were clearly negatively correlated to the
macroclimate. This can scarcley be taken as
definite evidence that plant communities
under more severe climatic conditions
require a higher potassium content in soil but
must, at least, partly be attributed to
multicolinearity between the three variables.
Primarily, the humus synthesis is affected by
variations in the macroclimate, which can be
seen as variations in the cation exchange
capacity. A possibility of contamination with
mineral soil cannot be excluded in the case of
the highly mobile potassium ion. The
limitations applied in the sampling process,
however, aimed at eliminating this risk. As
the depth of the peat deposits in all cases
exceeded 1.5 m and as the other nutrient
cations do not show any comparable clear
trends, contamination does not seem
probable.

The above mentioned factors affecting
variable distribution only correspond to a
small part of the total variation within the
classes. A considerably more perceptible
factor is the heterogeneity of the plant
communities studied. When laying out the
sample plots on the peatland areas accepted
for sampling the site type as a whole was
determined. No attention was paid to
differences in the vegetation cover from one
sampling point to another. Thus, the
composition of the surface vegetation varies
considerably within each site type class. A
much more homogeneous result would
probably be obtained if the material were

ordinated on the basis of the surface
vegetation of the individual sampling point.
However, this falls outside the scope of the
present investigation.

The absolute amounts of nutrients in the 20
cm deep surface peat layer from the site series
are, with the exception of magnesium and
possibly calcium, small. When comparing the
amounts of nitrogen, phosphorus and
potassium with data given by HOLMEN (1969)
as minimum requirements for continuous
timber production on drained peatlands,
only the herb-rich sites show a somewhat
satisfactory nutrient economy. Productivity
studies and extensive practical experience
(HEIKURAINEN 1959, 1972, 1973b) have
shown that drainage on ordinary sedge pine
mires and even on small sedge pine mires
gives an acceptable timber production. Thus,
it seems as if the values presented by
HOLMEN (1969), which refer to an individual
peatland complex, have been taken at the
upper limit or, what is more important, that
the tree stand after drainage is able to take up
nutrients from a peat layer deeper than 20
cm. The latter assumption is connected to the
post drainage fluctuations in the bulk density
of the peat. As was noted, an increase in bulk
density exerts a positive influence on the
absolute amount of nutrients in peat. This
involves that a minor increase in the volume
of the rooting zone in particular after drain-
age results in a relatively greater improve-
ment in the nutrient balance.

Models set up for the relationship between
the absolute amount of individual nutrients
in soil and site quality index as well as overall
multivariate models with soil fertility data
and annual accumulative temperature as
independent variables, results in high degrees
of explanation. It is remarkable that, by using
the absolute amounts of macronutrients and
the macroclimate, one is able to determine
with reasonable precision the site quality
index. It seems as if the considerable within
class variation, common for all the site
factors, is highly reduced in the multiple
regression models. Formulas calculated with
the material in its entirety as well as after
exclusion of a number of sample plots
subjectively judged as extremes with regard to
nutrient economy, does not differ to any
higher degree. However, whether the models
derived from the data collected in this study

can be used to estimate the site quality index
from other data sources is disputable.

It must be emphasized that the site quality
index (HEIKURAINEN 1978a) used to
ordinate the sedge mires is an average index
for potential post-drainage growth based on
relative increment values. The intricate
question then is, if a multivariate model using
nutrient data and annual accumulative
temperatur, better describes post-drainage
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stand growth than the site quality index. No
final answer can be given here as empiric
testing of the models fromed is a very
troublesome experiment. However, the
multivariate regression models do offer a
possibility to calculate a quality index based
on soil fertility data obtained for individual
sites. This must certainly be seen as move
towards a more precise site classification.



5 SUMMARY

Fertility of surface peat from sedge pine!
mires was studied by measuring the following
edaphic growth factors: bulk density, volume
weight of organic matter, ash content, acidity,
electric conductivity, effective cation exchan-
ge capacity, degree of base saturation as well
as total contents of nitrogen, phosphorus, po-
tassium, calcium and magnesium. The rese-
arch material consists of 168 temporary sam-
ple plots on virgin sedge mires from all over
Finland. An additional 30 sample plots were
included, selected randomly from amongst
200 permanent plots on two uniform sedge
mires.

In general, the data obtained for the
various site factors ranges within limits given
for Sphagnum and Carex peat or peat from
comparable sites. Only the total content of
potassium in the peat samples is higher than
data reported for drained pine mires. This
may be taken as an indication of biological
fixation of potassium after regulation of the
soil water level or leaching losses.

Grouping the soil data according to site
type (herb-rich, ordinary, and small sedge
mires) and sampling layer (0—10 cm and
10—20 cm) reveals that among the physical
properties of peat bulk density and volume
weight of organic matter as well as ash
content tend to increase with increasing site
?ality. In the case of the two former factors
the differences a};pear between the most
fertile site type and the two others. The ash
content, which is considered a guide to site
g-uality, increases gradually in the site series

om the small sedge mire to the herb-rich
sedge mire. It can be added that volume
weight of organic matter and, what may be of
particular importance when evaluating site
quality, bulk density increases from the upper
to the lower peat layer.

Owing to the good exchange properties of
organic matter the effective cation exchange
capacity is high in the peat samples from all
the three site types. In the lower sampling
layer the exchange capacity significantly
decreases from the two less fertile site types to

! See page 7.

the most fertile type. This trend is, however,
explained by correlation with bulk density.
Although the exchange capacity is uniform
within the sedge mire series the degree of base
saturation clearly increases with increasing
site quality. In peat from the most fertile site
type there even prevails a significant positive
correlation between effective cation exchange
capacity and degree of base saturation. The
electric conductivity and pH of peat, which
are additional overall variables, also follows
the established site quality gradient of the site
series.

The relationship between the total content
of macronutrients in peat and the site quality
gradient is surprisingly clear. Differences
between the site types are in most cases
statistically significant. If the nutrient status is
expressed as concentration data (mg/g),
excepting for potassium, clear increases in
mean contents from the least to the most
fertile site type are obtained. The unfavour-
able potassium economy of peat from the
herb-rich sedge mires is probably due to
correlations between potassium, effective
cation exchange capacity and bulk density,
and antagonism between the basic cations.

Transforming on the basis of bulk density
of samples the nutrient contents into absolute
amounts (kg/ha) results in a positive relation-
ship even between potassium and site quality.
The influence of the bulk density on the site
fertility can also be seen as sampling depth
dependent changes in the contents and
absolute amounts of nutrients respectively.
The importance of bulk density in evaluating
the site quality is further emphasized when
taking into account its significant correlation
to contents of nitrogen and phosphorus.

To summarize, one can say that within the
sedge mires the soil variables, with particular
stress on the absolute amounts of macro-
nutrients, follow the accepted quality gradient
of the site series. The conclusion’ indicates
that  the plant sociologically  based
Cajanderian ~ site  classification” reflects
satisfactorily the average soil properties. The
within site variation is, however, most
considerable.

An attempt to explain the within class
variation on the basis of external site factors
revealed that there exist no significant
difference between samples extracted from
hummock and mire plane!, respectively. On
the other hand, significant relationships
between macroclimate and certain soil
properties were shown. The relationship is
negative in the case of effective cation
exchange capacity and total content of
potassium. The bulk density probably
increases somewhat with increasing annual
accumulative temperature while the pH and
total content of magnesium show more or less
pronounced inflexion points in the degree
days interval 1000—1200. Any definite
connection between site quality and lithology
of underlying material could not be shown.
Neither did further classification of the
material alter the relationships between soil
properties and site type.

The absolute amounts of macronutrients in
peat were calculated on the basis of the
concentration content data and correspond-
ing sample bulk density. In comparison with
minimum requirements given for continuous

! See page 7.
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timber production on drained peatlands, the
amounts found are low. Only the herb-rich
sedge mires show in virgin conditions a fairly
sufficient nutrient economy. Satisfactory
results of forest drainage on sedge mires were
explained by changes in the peat mass and
volume of the rooting zone taking place along
with accelerating post drainage stand growth.
An attempt to produce an overall expres-
sion for the relationship between soil fertility
and site quality was made. Firstly, the
connectionqbetween a site quality index and
the individual macronutrients were estab-
lished by means of regression analysis.
Degrees of explanation up to 40 per cent were
obtained. Finally the site quality index
applied was used as a dependent variable in
multivariate regression models where the
absolute amounts of macronutrients in the 20
cm deep surface peat layer and the annual
accumulative temperature were used as
independent variables. Explanation degrees
of 85 per cent give indications of possibilities
to forecast post drainage timber production
on the basis of soil data from virgin sites.
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SELOSTE

PINTATURPEEN VILJAVUUSTUNNUKSET SUHTEESSA KASVUPAIKKATYYPPIIN JA
PUUSTON KASVUPOTENTIAALIIN

Tamin tutkimuksen tavoite on lisati tietoa Cajanderin
kasvupaikkatyyppien avulla ilmaistun puuston kasvu-
potentiaalin  ja pintamaan ravinteisuuden vilisesta
riippuvuudesta. Tutkimuksessa oletetaan ettd puuston
kasvu tietyssa ilmastovydhykkeessi miiriytyy padasialli-
sesti maan vesitalouden ja ravinteisuuden mukaan, ja
eliminoimalla toisen tekijan vaikutus voidaan tarkastella
toisen tekijan vaihtelua. Tarkastelun kohteeksi valittiin
turvemaiden kasvupaikkatyyppisarja: ruohoinen sara-
rame, varsinainen sararame ja lyhyt.kor(inen rame. Sara-
rameiden kohdalla voidaan olettaa, etta erot ojituksen
jilkeen elpyneen puuston kasvussa mairdytyvit pinta-
turpeen ravinteisuuden perusteella. Sarjan vahiten vilja-
vat kasvupaikat, lyhytkortiset rimeet, sijoittuvatkin
miénnyn luontaisen kasvupaikka-amplituudin dérirajan
tuntumaan, miki helpottaa maan viljavuustunnusten ja
kasvun vilisten riippuvuuksien toteamista. Lisaksi seka
maanaytteiden otto etti niiden analysoiminen laborato-
riossa on yksinkertaisempaa maannoksen ollessa turvetta
kuin sen ollessa esim. podsoloitunutta kivenniismaata.

Aineisto kasittdada 198 kertakoealaa 51 eri suoalueella
ympiri Suomea (kuva 1). Koealoilta mairitettiin
Cajanderin suotyypin lisaksi pintakasvillisuuden laji-
koostumus sekd erditi luontaista suopuustoa kuvaavia
tunnuksia (taulukot 1-3) ja kerattiin kullakin alalla kaksi
ndytettd 0—10 cm ja 10—20 cm turvekerroksista. Koe-alat
jakautuivat kolmen suotyypin valilla seuraavasti:

ruohoinen sararime 47 koealaa
varsinainen sararame 107 koealaa
lyhytkortinen rame 44 koealaa

Kerdtyistd naytteistd madritettiin laboratoriossa tuore-
paino, todellinen tilavuuspaino, orgaanisen aineen
tilavuuspaino, tuhkapitoisuus, pHH,0, séhk("mjohto-
kyky, efektiivinen kationinvaihtokapasiteetti, emiskyllas-
tysaste sekid typen, fosforin, kaliumin, kalsiumin ja
magnesiumin kokonaispitoisuudet.

Analyysitulokset ositettiin naytteenottokerroksen ja
suotyypin mukaan, luokkia vertailtiin kaksisuuntaisella
varianssianalyysilli  ja  keskiarvotesteilli.  Ulkoisten
tekijoiden kuten suon pinnanmuodon, pohjamaan- ja
kallioperin laadun seki ilmaston mahdollinen vaikutus
pintaturpeen ominaisuuksiin selvitettiin toisaalta ositta-
malla aineisto edelleen ja toisaalta korrelaatio- ja
regressioanalyysien avulla. Milloin mitattujen maa-
tunnusten (taulukot 4—7) tai maatunnusten ja ulkoisten
tekijoiden vililla vallitsi jokseenkin selvda johdon-
mukainen riippuvuus, kiytettiin kyseisti muuttujaa

regressioselittijinid muodostetuissa kovarianssimalleissa.

Puuntuotannon edellytykset sararameilld arvioitiin
laskemalla pintaturvekerroksen absoluuttiset ravinne-
varastot (kg ravinnetta/ha) totaalipitoisuuksien ja vasta:

van luonnollisen tilavuuspainon avulla. Kayuamalla

metsinojitusboniteettia ojitusjalkeisen puuston kasvu-
potentiaalin tunnuksena, muodostettiin monimuuttuja
regressiomalli, jossa selittavina muuttujina olivat pinta-
turpeen  absoluuttiset ravinnevarastot sekd vuotuinen
limposumma.  Yksitdisten makroravinteiden  paino
mallissa arvioitiin korrelaatio- ja osittaiskorrelaatio-
analyysien avulla.

Tutkimuksessa oletettiin etta luonnontilaiset sara-
rameet eivit hydrologisessa mielessi eroa sanottavasti
toisistaan ja ettd pintaturvekerros olisi fysikaalisessa
mielessi yhdenmukainen. Analyysitulosten yksityiskoh-
tainen tarkastelu osoitti kuitenkin ettd seki luonnollinen
tilavuuspaino etti maatumisasteen kuvaajana oleva
orgaanisen aineen tilavuuspaino kasvavat jonkin verran
lyhytkortisista ja varsinaisista sararimeisti ruohoisiin
sararameisiin (kuva 2 ja 8, taulukot 8 ja 10). Turpeen
tuhkapitoisuus kasvaa myos selvasti kasvupaikkatyyppi-
sarjassa lyhytkortisten rameiden 8,2 prosentista 8,0
prosenttiin (kuva 4, taulukko 11).

Todellinen tilavuuspaino ja orgaanisen aineen tila-
vuuspaino ovat suurimmillaan viljavimpien kasvupaikko-
jen turpeissa. Taman vaihtelusuunnan hydrologinen
merkitys lienee viahdinen, mutta ravinnepitoisuuksia
muunnettaessa absoluuttisiksi méariksi, tilavuuspainolla
saattaa olla ratkaiseva merkitys kasvupaikan laatua
arvosteltaessa (esim. kalium taulukossa 21 ja kuvassa 28).
Itsestddn selvind voidaan pitaia kummankin tunnuksen
kasvua turpeen pintakerroksesta syvempiin kerrokseen.
Turpeen tuhkapitoisuus sensijaan ei muutu tissi suh-
teessa.

Turpeen kemiallisista ominaisuuksista sekid sihkon-
johtokyky etta happamuus korreloivat molemmissa
turvekerroksissa tutkittujen suotyyppien oletetun vilja-
vuussarjan kanssa (kuvat 5 ja 6, taulukot 12 ja 13). Erot
kasvupaikkojen vililli ovat tilastollisesti osoitettavissa
joskin ne happamuuden kohdalla ovat melko pienet,
ainoastaan 0.3—0.6 pH-yksikkoi karuimman ja viljavim-
man kasvupaikan vililli. Koska seki sihkénjohtokyky
ettda pH, samoin kuin tuhkapiloisuuskin kuvaavat yli-
malkaisesti kasvupaikan viljavuutta, antavat saadut
tulokset  viitteiti  ravinteiden suotyypin  mukaisista
vaihteluista. Toisin kuin ylli mainitut tunnukset turpeen
efektiivisen kationinvaihtokapasiteetin ja suotyyppisarjan

viljavuuden vililld vallitsi heikko negatiivinen korrelaatio
(kuva 7, taulukko 14), joka selittyy kuitenkin turpeen
tilavuuspainon vaihtelulla (vrt. kuva 8 ja taulukot 15 ja 8).
Emiskyllistysaste kasvaa sen sijaan selvasti viljavimpiin
kasvupaikkoihin mentiessi (taulukko 16).

Makroravinteiden, typen, forforin, kaliumin, kalsiu-
min ja magnesiumin pitoisuudet (mg/g) pintaturpeessa
seuraavat yllittavan hyvin tutkittujen suotyyppien perin-
teistd metsiojituskelpoisuutta. Ravinteiden pitoisuudet
nousevat, lukuunottamatta kaliumia, lyhytkortisesta
rameestd varsinaiseen sararaimeeseen ja edelleen ruohoi-
seen sararameeseen siirryniiessii (kuva 10, 18, 14, 17, 18ja
taulukot 17, 20, 21, 23, 25), ja erot luokkien vililld ovat
useimmissa  tapauksissa tilastollisesti  osoitettavissa.
Kaliumin kohdalla keskimairiiset pitoisuudet turpeessa
ovat karuimman ja viljavimman suotyypin kohdalla yhti
suuret, mutta varsinaisten sararameiden kaliumtaso on
selvasti kahta muuta tyyppia korkeampi. Yleisesti ottaen
tutkittujen néytteiden ravinnepitoisuudet ovat samaa
suuruusluokkaa  kuin  aikaisemmissa  tutkimuksissa
todetut.  Verrattuna vanhoilta ojitusaluilta saatuihin
tietoihin  timan tutkimuksen luonnontilaisten sara-
raimeiden pintaturpeen kaliumtaso on kuitenkin melko
korkea.

Maaperamuuttujien vélisisti riippuvuuksista (taulukot
4=7) on erityisesti mielenkiintoinen typen ja fosforin
vilinen korrelaatio (kuva 12, taulukko 19) sekid niiden
muuttjien ja turpeen todellisen tilavuuspainon vilinen
my6s positiivinen riippuvaus (kuva 11, taulukko 18).
Ensin mainittu korrelaatio selittyy molempien alku-
aineiden biologisella pidattymisella turpeeseen. Typpi- ja
fosforipitoisuuksien riippuvuus luonnollisesta tilavuus-
painosta on yllittava, mutta selittynee sekin ravinteiden
pidattymistavalla; nahtavasti seka typpi ettid fosfori
kuuluvat osina hitaasti hajaantuviin orgaanisiin yhdistei-
siin. Kaliumin, efektiivisen kationinvaihtokapasiteetin ja
todellisen tilavuuspainon vililli vallitsee mielenkiintoi-
nen keskindinen korrelaatio (kuvat 15, 16 ja 8, taulukot
22 ja 15), joka ilmenee siind, etta kaliumpitoisuuden ja
todellisen tilavuuspainon vililli on selvi negatiivinen
korrelaatio.

Ravinnepitoisuuksien muuntaminen absoluuttisiksi
maariksi pinta-alayksikkoa kohti (kuva 28) paljastaa
erditi mielenkiintoisia seikkoja. Absoluuttisesti ilmaistu-
na turpeen kaliumtaso seuraa kasvupaikkatyyppisarjan
oletettua paremmuusjarjestystd ja erot tutkittujen turve-
kerrosten vililli ovat samalla tasoittuneet. Timi antaa
aihetta korostaa tilavuuspainon merkitystd kasvupaikan
laatua arvioitaessa. Joskaan tilavuuspaino sellaisenaan ei
ilmenna kovin hyvin kasvupaikan viljavuutta, sen
vaikutus seka ravinnepitoisuuksiin ettda absoluuttisiin
ravinnemadriin on kiistimaton. Tahan liittyy osana myos
metsdojituksen  pintaturvetta tiivistava vaikutus, joka
selittdnee sen, stta nainkin alhaisilla luontaisilla ravinne-
maarilld (kuva 28) on paisty suhteellisen hyvdin puun-
tuotokseen.

Yhteenvetona voidaan todeta, etta Cajanderin suo-
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tyypit sararimeiden osalta varsin hyvin kuvaavat pinta-
maan keskimairaista viljavuutta. Yllimainittu yhden-
mukaisuus Cajanderin kasvupaikkaluokituksen kanssa
perustuu  luokkakeskiarvoihin, ja luokkien sisiinen
vaihtelu on huomattava (kuvat 10, 13, 14, 17, 18). Yksit-
tiisen kasvupaikan sijoittaminen oikeaan lokeroonsa
jonkun maatunnuksen mittaamiseen perustuvan luoki-
tusjarjestelméin avulla on niin ollen lihes mahdotonta.

Tarkasteltaessa syitid luokkien sisiiseen suureen vaihte-
luun ilmeni vastoin odotusta, etti suon pinnanmuodoilla
(tasapinta — matds) ei ollut vaikutusta pintaturpeen
ominaisuuksiin (kuva 20 ja 21). Vuotuisen limpé-
summan ja erdiden pintaturpeen ominaisuuksien valilla
ilmeni sen sijaan selvaa riippuvuutta (kuvat 22-27).
Tarkastelun péaapaino kohdistuu aineiston epahomo-
geenisen jakautumisen johdosta erityisesti varsinaisiin
sararameisiin ja huomio kiinnittyy turpeen kaliumpitoi-
suuden pienenemiseen lampésumman noustessa. Syyt
tihdn on arvioitu loytyvan efektiivisen kationinvaihto-
kapasiteetin ja todellisen tilavuuspainon samansuuntai-
sissa vaihteluissa limp6summan suhteen. Viitteita siihen,
etti suota ymparoiva kallioperd tai kivenndismaa olisi
aiheuttanut  mainitut vaihtelut tai erdiden muiden
tunnusten kohdalla regressiokuvaajan minimin limpo-
summa-alueella 1000—1200 dd ei l6ytynyt. Pohjamaan
alkuperamateriaalin vaikutus on kuitenkin hyvin vaikea
todentaa, joten titi mahdollisuutta ei voitu lopullisesti
sulkea pois. Tutkittujen ulkoisten tekijoiden vaikutus
luokkien sisdiseen vaihteluun on kuitenkin vihiinen
verrattuna saman suotyypin sisalla esiintyvain pinta-
kasvillisuuden sisiiseen vaihteluun. Tisti johtuva
aineiston hajonta on huomattava, silli aineisto ositettiin
kuvion suotyypin eika yksittaisen koealan pintakasvilli-
suuden mukaan.

Tarkasteltaessa kasvupaikkojen puuntuotospotentiaa-
lin ja pintaturpeen ravinteisuuden vilistd riippuvuutta
huomataan, etti metsinojitusboniteetti selittid 10—30
prosenttia yksittdisten makroravinteiden vaihtelusta
(kuva 29-38, taulukko 81). Osittamalla aineisto edelleen
limposumman mukaan selitysasteet nousivat eriissia
tapauksissa yli 40 prosenttiin. Korkeat selitysasteet aiheu-
tuvat mitattujen tunnusten multikollineaarisuudesta (vrt.
taulukko 30). Jos toisaalta muodostetaan monimuuttuja-
malli jossa pintaturpeen makroravinnemaarilli selitetian
kasvupaikan metsinojitusboniteettia, selitysaste nousee
hieman yli 50 prosenttiin. Lisidmilli malliin limpé-
summa riippumattomaksi muuttujaksi, selitysaste nousee
aina 85 prosenttiin (taulukko 32).

Muodostetun mallin kokonaisselitysaste on huomatta-
van korkea ja viittaa siihen, ettd suoranaisesti mitattujen
maatunnusten avulla on mahdollista rakentaa kasvu-
paikkaluokitusjarjestelmi, vaikka vahvan kollineaari-
suuden vuoksi ei voidakaan tehdi johtopiitoksia yksit-
tdisten selittdvien muuttujien keskindisestd jirjestyksesti.
Suotyyppikohtaisen  viljavuusindeksin  korvaaminen
kasvupaikkakohtaisilla viljavuustunnuksilla niyttii siten
mahdolliselta.
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showed an adequate nutrient economy. As forest drainage of the sites studied generally has resulted in a
reasonable timber production, either the minimum requirements are taken on the higher side or drainage
has induced changes in the peat mass and volume of the rooting zone which affect the nutrient economy.
In multiple regression models the absolute amounts of macronutrients explained up to 50 per cent of the
quality index of the sites studied. Addition of annual accumulative temperature as an independent variable
increased the degree of explanation to above 85 per cent. The models indicate possibilities to forecast post
drainage timber production on the basis of soil data from virgin sites.

Author’s address: Department of Silviculture, University of Helsinki, Unioninkatu 40 B,
SF-00170 Helsinki 17, Finland. '
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