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Properties of Top Soil and the Relation-
ship between Soil and Trees in a Boreal
Scots Pine Stand

Timo J. Hokkanen, Erkki Jdrvinen and Timo Kuuluvainen

Hokkanen, T.J., Jirvinen, E. & Kuuluvainen, T. 1995. Properties of top soil and the relation-
ship between soil and trees in a boreal Scots pine stand. Silva Fennica 29(3): 189-203.

A one hectare plot in a Scots pine (Pinus sylvestris) forest was systematically sampled
for surface soil characteristics: humus layer thickness, soil carbon and nitrogen content,
pH, electrical conductivity and respiration were determined from 106 samples. The
effects of large trees on the plot were mapped and their joint influences at the locations
of soil sampling were described as the influence potential, derived from the ecological
ficld theory, and were calculated based on the locations and dimensions of trees. The
range of variation of soil characteristics was from three to sevenfold; no spatial auto-
correlation was detected. The calculated influence potential of trees, as determined by
their size and spatial distribution, was related to the spatial variation of top soil proper-
ties. Top soil properties were also related to thickness of the humus layer but they were
poorly correlated with underlying mineral soil characteristics. Humus layer thickness,
with the calculated influence potential of trees, may provide a means to predict top soil
characteristics in specific microenvironments in the forest floor.
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Main terms and abbreviations

IPOT  influence potential; the estimated relative in-
fluence of all adjacent canopy trees in a
given location in the understorey as defined
in Kuuluvainen and Pukkala (1988)

Ciot total carbon in top soil (%)
Niot total nitrogen in top soil (%)
oM refers to organic matter; the amount of OM

is expressed as per cent in top soil
(g g, estimated by loss on ignition)
Humus is the amorphous, decomposed form of or-
ganic matter
Top soil refers to the top 5 cm layer of soil beginning
from the amorphous humus layer (litter and
live plants are excluded); if the humus layer
is less than 50 mm, also some mineral soil is
included in the top soil

1 Introduction

The spatial variation and heterogeneity of soil
properties in forest ecosystems has recently re-
ceived considerable attention. For example, small
scale variation of the forest floor has been stud-
ied both in hardwood forests (e.g., Boerner and
Koslowsky 1989, Bringmark 1989, Beniamino
et al. 1991), and in coniferous forests (e.g. Riha
et al. 1986a, b, Nykvist and Skyllberg 1989 and
Ilvesniemi 1991). The spatial heterogeneity of
the forest soil has a profound influence on many
essential ecosystem characteristics, such as the
regeneration of plant species (Bell et al. 1991,
Bell and Lechowicz 1991, Lechowicz and Bell
1991) and the distribution and species diversity
of plants (Beatty 1984).

The spatial influence of trees on soil charac-
teristics is apparently one of the main causes of
soil heterogeneity in forests (e.g. Bjorkman and
Lundeberg 1971, Walter and Breckle 1989). Es-
pecially mature, isolated forest trees appear to
exert a strong effect on the soil (e.g. Zinke 1962,
Boettcher and Kalisz 1990, Escudero et al. 1991).
Trees also influence soil through above and
belowground litter production, varying quality
and distribution of litter, shading, interception
etc. (e.g. Facelli and Pickett 1991, Hirabuki 1991).

One approach to model these spatial influenc-
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es of trees is proposed in the ecological field
theory (Wu et al. 1985, Walker et al. 1989). In
this approach an individual plant is considered
to be surrounded by a circular field of influence
— the zone of influence — which depends on plant
size. The field of influence of a tree is described
in terms of the combined effect of crown, stem
and root influences upon the spatial distribution
of resources, i.e., water, nutrients and light (Wu
et al. 1985). The joint effects of all trees at a
point estimate the amount of resources available
for, e.g., a seedling.

The ecological field theory was initially used
to model competitive interferences among plants
but we believe that this approach can be valuable
also in describing the effects of trees on soil
because trees influence strongly the accumula-
tion, turnover and quality of forest floor organic
matter (OM) (e.g., Escudero et al. 1991). OM
thus provides a dynamic link between trees and
soil. To describe the properties of OM some key
characteristics were chosen for this study keep-
ing in mind that chemical and microbiological
properties of the surface soil play an essential
role in natural establishment and growth of Scots
Pine (Pinus sylvestris L.) seedlings. Respiration
rate and C/N-ratio of OM describe the process of
forest floor decomposition (e.g., Swift et al.
1978). Soil solution pH and electrical conductiv-
ity are important criteria for predicting the capa-
bility of soils to support microbial reactions (Paul
and Clark 1989); these characteristics also give
an estimate of the ion supply in the soil (see
Rhoades 1982).

Our objectives in this study are (i) to describe
the within-site variation of top soil properties,
(ii) to study if top soil characteristics can be
related to the influence of trees by applying the
theory of ecological fields, and (iii) to study if
the influence of mineral soil properties can be
detected in humus layer depth and characteris-
tics. The study is part of a research project aim-
ing at quantifying the patterns of ground vegeta-
tion, seedling establishment and seedling growth
in terms of consumption, accumulation and re-
lease of resources in a spatially heterogeneous
soil-vegetation system of a Scots pine stand.
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2 Material and Methods
2.1 Site Description and Sampling

Soil samples were collected in 1989 from a sand-
er-delta situated in a wide, glaciofluvial, margin-
al-interlobate complex of Jaamankangas (Konti-
olahti, Finland; 62°40' N, 29°45'E; 105 m a.s.l.).
The one hectare study area was in a patchy Scots
pine forest. Most of the large trees were approx-
imately 70 years old, but a small portion (gap) of
the plot consisted of about 20 year old trees. The
ground vegetation was fairly uniform, and con-
sisted mainly of dwarf shrubs (Calluna vulgaris
Hull, Vaccinium myrtillus L., V. vitis-idaea L.),
mosses (Pleurozium schreberi Mitt., Dicranum
sp.) and lichens (Cladonia sp.).

The trees were mapped (location) and meas-
ured (height, diameter) within a plot of 180 m x
150 m, i.e., 2.7 ha (including a buffer zone for
the central 100 x 100 m area). Trees from the
whole area were considered when calculating
tree influences in the central area. A more de-
tailed description of the forest stand is provided
in Kuuluvainen et al. (1993).

Composite soil samples were taken systemati-
cally at 20 m intervals along lines spaced five
metres apart. In case a tree or other large obsta-
cle occurred in a designated soil sample loca-
tion, soil sampling was moved to the next possi-
ble location. One composite soil sample consist-
ed of six cores each of 25 cm? cross-sectional
area and taken to the depth of 5 cm from the
humus layer surface. Each composite sample was
designed to represent a one m” sample plot used
in the vegetation mapping. The samples were
taken by depth because, first, the humus layer in
some samples in the area was very thin and did
not allow sampling by horizons (there was too
little humus for the various analyses). Secondly,
the aim to study the growth of seedlings (Kuulu-
vainen et al. 1993) motivated us to take samples
by depth, since the effective environment of a
seedling’s root system consists of various
amounts of humus and mineral soil depending
on the characteristics of a specific microsite.

Humus layer thickness was measured from
each soil core. Litter and living plants were re-
moved in the field. Soil cores were put into
polythene bags and transported to a cold room

(4 °C) within a few hours. The total number of
samples was 106.

The samples were homogenised and sieved
(2 mm mesh) and the visible root fragments were
removed in the laboratory. Part of the sieved soil
was dried for pH, electrical conductivity, total
nitrogen and carbon determinations (55 °C), and
for loss on ignition and water content measure-
ments (105 °C). Calculations (C, N) were done
on the 105 °C dry weight basis. The rest of the
soil was kept at field moisture level in plastic
bags for eight weeks in a cold room (4 °C) for
decomposition studies.

2.2 Analyses

Soil acidity was determined (duplicate samples)
in 0.01 M CaCl, (1:2.5 soil:liquid) after one hour
of shaking in a rotary shaker (30 rpm)(see e.g.
Conyers and Davey 1988). Soil solution electri-
cal conductivity was measured (duplicate sam-
ples) from an aqueous solution (1:2.5 soil:liquid)
after one hour of shaking in a rotary shaker
(30 rpm) with a Radiometer cell. Soil organic
matter was determined by loss on ignition
(550 °C, 12 hrs; duplicate samples) from dried
and ground soil samples. Total nitrogen was de-
termined in duplicate by Kjeldahl-distillation
(Page et al. 1983). Total carbon was determined
in duplicate with a Carlo-Erba Elemental Ana-
lyser Mod 1106 (Carlo-Erba Strumentazioni,
Milan, Italy) from ground samples.

CO; evolution: Sieved soil samples were mois-
tened to approximately 60 % of the water hold-
ing capacity (WHC) and preincubatec in 15 °C
for one week to equilibrate the moisture and
respiration rate. To moisten the samples, WHC
(ml g!' d.wt) was first determined from a series
of extra samples containing a varying mixture of
organic matter (from 5 to 60 %) and mineral soil.
A curve of about 60 % WHC was produced. The
amount of water needed to moisten the samples
was calculated by subtracting the initial amount
of water (ml g-' d.wt) from the approximated 60
% WHC (ml g! d.wt, derived from the experi-
mental curve according to the OM content of the
sample). After the preincubation, subsamples of
3—4 g (n = 4 per sample) were put into 60 ml
measuring bottles, which were left open to equil-
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Fig. 1. The effect of individual trees of different size on influence
potential in a tree’s vicinity, according to Equation 1.

ibrate for one hour in 15 °C. The bottles were
then closed with septum-stoppers and incubated
at 15 °C. Soil respiration was measured from
1.0 ml serial gas samples withdrawn from the
bottles with a syringe (see e.g. Mikola and Komp-
pula 1981). CO, concentration in the headspace
air was determined with an infrared gas analyser
at intervals of 24 hours. Soil respiration was
calculated per dry weight of the soil (105 °C)
and per soil organic matter.

2.3 Mineral Soil Properties

Mineral soil (10-15 cm deep layer) from the
same area has been studied by Jéarvinen et al.
(1993). In the present study we use some varia-
bles from the mineral soil data of Jarvinen et al.
(1993) to examine the relationships between top
soil and mineral soil properties. The mineral soil
variables used here are: mean particle size, pro-
portions of fine sand and coarse sand, degree of
sorting, specific surface area of mineral soil fine
grain fractions, loss on ignition, Mg, Ca,y, and
Klm-
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2.4 Calculation of Tree Influences

It was assumed a priori that many influences of
large trees are approximately symmetrically dis-
tributed and distance dependant so that the influ-
ence decreases with the distance from the tree
(Fig. 1). The concept of influence potential
(IPOT) is used to refer to the relative influence
of all trees in the 2.7 ha plot at a given point of
sampling in the inner one hectare plot (Wu et al.
1985). Influence potential ranges from the maxi-
mum of 1 (one) near a big tree to the minimum
of 0 (zero) at greater distances apart from the
trees. The effect of one tree on the influence
potential was described with one function (Equa-
tion 1). This function was taken from the study
of Kuuluvainen and Pukkala (1989), which ana-
lysed the effect of Scots pine seed trees on the
density on seedlings and understorey vegetation
on a similar site with trees of approximately the
same age as in the present study. The function is:

0i(s) = 0i(O) exp(-bis?) ()

where

®i(s) = influence potential of tree i at distance s (m)
from the tree, s = the distance from the tree
to the calculation point, ¢;(O) = the effect of
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tree i at the point of tree location,
b;i = parameter. Parameters ¢(O) and b depend-
ed on tree size as follows: ¢;(0) =d / 35 and
b =1/(0.4h), where d is breast height diameter
(cm) and h is the height (m) of the tree.

The effect of all trees within the plot on influ-
ence potential at a given point is computed with
the aid of growth potential (GPOT), which is the
inverse of influence potential. Growth potential
has been used to estimate the amount of growth
resources (Wu et al. 1985). Growth potential at
each point of sampling (p) is obtained as a prod-
uct of the influences of all individual trees (n) on
the plot:

GPOT;(p) = Ii_‘l[lfd).(s,(p))] (2)

The influence potential (IPOT) is then defined
as:

IPOT,(p) = 1 - GPOT|(p) 3)

2.5 Statistical Analyses

Analysis of spatial autocorrelation was carried
out using semivariogram analysis which is a ba-
sic tool in geostatistics (e.g. Burrough 1983, Leg-
endre and Fortin 1989, Nielsen and Alemi 1989).
The semivariogram is useful in detecting and
quantifying spatial autocorrelation in spatially
explicit sample data (e.g. Riha et al. 1986b, Rob-
ertson et al. 1988). We used the computer pro-
grams presented by Robertson (1987) to calcu-
late semivariances for sample points ranging from
5 to 50 m apart. Log-normally distributed varia-
bles were transformed to normalise the distribu-
tion.

The influence of trees on soil properties was
tested by dividing the sample locations into three
arbitrary classes according to the calculated in-
fluence potential of trees: IPOT = 0.0-0.4, low
or no influence; IPOT = 0.4-0.6, intermediate
influence; IPOT 0.6-1.0 = high influence of trees
(Fig. 2). The differences between classes were
tested with analysis of variance and the means
were compared pairwise with the method of least
significant difference (LSD) at 95 % level of
probability. The amount of organic matter was
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Fig. 2. The distribution of tree influence potential
(IPOT) classes in the studied one hectare area in
Jaamankangas. The area separated by the thick
line roughly represents the younger part of the
stand. Open circle: IPOT = 0.00-0.40; Hatched
circle: IPOT = 0.40-0.59; Black dot: IPOT = 0.60—
1.00.

used as a covariate when testing C,,, (of OM),
C/N, electrical conductivity and pH.

Factor analysis was used to determine and
group the variables in the top and mineral soil
that are most closely associated with each other.
Regression was used to derive a model to ex-
plain the variation in soil respiration.

3 Results
3.1 Variability of Soil Characteristics

The studied Scots pine stand in Jaamankangas
included a great deal of variation in the top soil
(05 cm) properties (Table 1). Thickness of the
humus layer varied from 1 mm to 47 mm with
the coefficient of variation of 32.3 %. The other
measured top soil properties were strongly affect-
ed by the variation in the thickness of the humus
layer. The range of variation was from three to
sevenfold. Nitrogen concentration of organic
matter (OM) varied from 0.57 to 1.81 %. The
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Table 1. Top soil (05 cm) properties and their ranges of variation in Jaamankangas study area (n = 106).
Mean sd @) Min Max CV-%"

Respiration (ug CO,-C g'(OM) h™') 14.22 3:55 6.59 23.14 25.0

Humus layer thickness (mm) 25.3 7.60 1.0 47.0 323

Loss on ignition (%) 13.78 5.54 6.70 35.80 40.2

Nt (%) 0.18 0.06 0.07 0.38 31.7

N (% of OM) 1.38 0.20 0.57 1.81 14.5

Cio (%) 7.05 2.23 3.42 15.07 31.6

C (% of OM) 54.10 3.94 45.36 64.10 7.3

C/N 41.6 6.2 15.7 66.7 14.9

Electrical conductivity (mS m™') 9.2 25 3.7 18.5 27.2

pH (CaCl,) 3.38 0.24 2.77 3.93 Z:1

a) sd = standard deviation

) CV-% = ((sd / mean) - 100)

coefficient of variation in the variables ranged E .

from 7.3 % in carbon concentration of OM to 87T .

40.2 % in humus layer thickness (Table 1). The ™ | s |

distribution of humus layer depth in the sample & °

points over the area is illustrated in Fig. 3. e |
- e ]
= s |

3.2 Spatial Variation of Soil Properties 2 - El

The semivariogram analysis was used to exam- § e |

ine possible spatial autocorrelation in the meas- & [ 1

ured soil properties. No clear spatial dependence o ]

within distances from 5 to 50 m was detected in ‘ g ]

the examined variables. However, in some vari- ‘ ]

ables such as humus thickness and related loss 1

on ignition, there was a slight general increase °T ; A ]

with increasing lag-distance as displayed by the 0 West - East 100 m

semivariogram in Fig. 4. This suggests that points
closer to each other are slightly more similar
than points further away. The failure to detect
significant spatial autocorrelation in the analysis
may be largely due to the short-scale variability
which was not detected by the applied sampling
scheme. In general, the results show remarkable
spatial variation in thickness of the humus layer
and the associated top soil properties.

3.3 Tree Influence Classes
The sampling locations belonging to the low-

IPOT class, indicating low influence of trees,
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Fig. 3. Spatial distribution of Jaamankangas humus
layer thickness classified into three classes: Open
circle = humus < 20 mm; Hatched circle = humus
20-30 mm; Black dot = humus > 30 mm (n =
106).

had a significantly lower amount of organic mat-
ter in the top soil than sampling points in the
high-IPOT class. This can be seen in humus
layer thickness and thus also in the amount of
OM (Table 2). Total carbon was significantly
lower in the low-IPOT class, but nitrogen con-
centration per organic matter was higher. There
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Fig 4. Omnidirectional semivariogram of humus layer
thickness within Jaamankangas plot. The dashed
line shows general variance of the data.

was no statistically significant difference in or-
ganic matter carbon concentration between the
IPOT classes. Electrical conductivity was about
20 % higher near the trees (high-IPOT class),
but no difference was seen in pH (Table 2). In
general, differences between the IPOT classes
were quite small.

3.4 Grouping Analysis of Top Soil Proper-
ties

The factor analysis solution represented the data
fairly well and about 84 % of the total variance
could be explained with the extraction of two
factors (Table 3). Most of the variables were
tightly intercorrelated and situated in factor 1,
which explained 54.7 % of the variance. Factor 1
included the variables that are closely coupled
with the total amount of organic matter: loss on
ignition, total C, pH and electrical conductivity
had a factor loading of at least 0.75. The first
factor can be interpreted as “the amount of top
soil organic matter”.

Correlation analysis (table not presented) con-
firmed that all intercorrelations between the main
variables in the first factor (factor loading
> 0.56) were high (r > 0.68), and significant
(p < 0.001 for every pair of variables).

Factor 2 accounted for 29.2 per cent of the
variance. This factor can be explained as “the
humus quality factor”, because nitrogen concen-

Table 2. The mean values of the top soil (0-5 cm)
properties in the calculated influence field classes
(IPOT) of the trees. The tree influence classes are:
little or no influence = IPOT 0.00-0.39 (n = 36);
intermediate influence = IPOT 0.40-0.59 (n =
15); high influence of trees = [IPOT 0.60-1.00 (n =
56). The values followed by the same letter do not
differ at the 95 % probability level (LSD-test).

Tree influence class

Little Inter- High
influence mediate influence

Respiration 13.37a 14.90a 13.91a
(1g CO-C g '(OM) )
Humus layer thickness (mm) 21.4a  26.8b 27.2b

Loss on ignition (%) 11.7a 15.5b 15.0b
Nio (%) 0.16a 0.21b 0.19b
N (% of OM) 1.43b 1.35ab 1.30a
Ciot(%) 6.29a 8.35b 7.87b
C (% of OM) 53.48a 53.94a 52.08a
C/N 38.03a 40.55a 41.61a
Electrical conductivity 8.1a 9.6ab 10.2b
(mS m™)

pH (CaCl,) 344a 3.32a 3.36a

Table 3. Factor loadings matrix of top soil (0-5 cm)
properties in Jaamankangas (nfactor = 2, rotation
= varimax, n = 106).

Factor 1 Factor 2
Electrical conductivity 0.90 0.06
pH (CaCl,) -0.89 0.01
Loss on ignition 0.78 0.43
Humus layer thickness 0.57 0.09
N (% of OM) —0.15 0.93
CN 0.23 0.91
Respiration (per OM) 0.19 -0.43
C (% of OM) 0.30 -0.11
Percentage of total 54.7 29.2

variance explained

tration of OM and C/N ratio had a high factor
loading (Table 3). Correlations between varia-
bles in factor 2 were weaker than those between
variables ranked high in factor 1 (table not pre-
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sented), but several correlations were statistical-
ly significant, e.g., r = 0.749, p < 0.001) between
N (% OM) and C (% OM).

3.5 Grouping Analysis of Select Top Soil
and Mineral Soil Properties

A factor analysis solution with three factors ex-
tracted (including both top and mineral soil prop-
erties) explained only 61.5 % of the variation in
the data (Table 4). Soil properties were divided
roughly into factor 1, representing top soil, and
factor 2, representing mineral soil. The only min-
eral soil property to attain a noteworthy factor
loading in factor 1 was total magnesium (factor
loading —0.312). A negative correlation was ob-
served between Mgy, and respiration (r =—-0.410;
p <0.01).

Factor 3 contained properties from both top
and mineral soil layers. This factor could be
interpreted as “the interaction factor”. This fac-
tor explained only 15.3 % of the variance and we
accordingly conclude that the interactions be-
tween the two soil layers are weak (Table 4). In
factor 3 the greatest factor loading in absolute
terms was found for coarse sand (0.746) and for
respiration per organic matter (—0.550). A weak,
barely significant negative correlation was ob-
served between coarse sand and respiration per
OM (r =-0.236; p < 0.05).

3.6 Respiration versus Soil Characteristics

Respiration rate illustrates differences in organic
matter decomposition. We used linear regres-
sion analysis to examine the effect of top soil pH
on the variation in respiration per organic mat-
ter. The calculated model explained only 4.2 %
of the variation in respiration (F = 3.93;
p < 0.05). Moreover, the slope was negative,
suggesting that the higher the pH, the lower the
respiration. This result is largely due of the fact
that the more mineral soil there was in a sample
of fixed weight, the less was the amount of hu-
mus, and that increasing the amount of mineral
soil raised the pH of the humus/mineral soil
mixture. In Table 2 it was seen that the nitrogen
concentration of organic matter was higher in
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Table 4. Factor loadings matrix of select top soil and
mineral soil properties from Jaamankangas (nfac
= 3, rotation = varimax, n = 106).

Factor 1 Factor 2 Factor 3
Loss on ignition 0.920 —0.081  0.104
Electrical conductivity 0.894 -0.001 -0.058
pH (CaCl,) -0.815 -0.023  0.065
N (% of OM) -0.618 -0.140 -0.379
Mean particle size " 0.091  0.784 -0.240
K" —0.163  0.722  0.431
Loss on ignition V 0.021  0.711  0.077
(mineral soil)
Fine sand " —0.064 -0.710 -0.533
Degree of sorting " 0.189  0.649 -0.302
Ca, " -0.052 0.585 0.129
Mg, " -0.312 0571 0.592
Coarse sand " 0.022 0348 0.746
Respiration (per OM) 0.049  0.142 -0.550
C/N 0.291 -0.080  0.536

Specific surface area ' —0.075  0.062  0.391

Percentage of total 257 20.5 15.3
variance explained

1) from Jirvinen et al. (1993)
2) from <0.06 mm grain size fraction

places where IPOT was low and humus layer
was thin. This suggests that the organic matter
was more decomposed in places with a thin hu-
mus layer than in places with a thick one. Ac-
cordingly, to be able to estimate the actual influ-
ence of humus pH on respiration, the effect of
varying amount and quality of humus in samples
was considered.

To exclude the effect of the varying amount of
mineral soil in samples from the analysis the
following measures were taken. First, the influ-
ence of mineral soil on pH was estimated by
using linear regression: The amount of mineral
soil explained 48.1 % of the variation in pH
(F = 83.33; p < 0.001). Second, a reciprocal
regression model (1/y =a+ bX) between or-
ganic matter nitrogen concentration and respira-
tion per organic matter explained 18.3 % of the
variation in respiration (F = 15.95; p < 0.001).
Third, the residuals of these two regression mod-
els were plotted against each other, and a linear
regression (Equation 4) was calculated:

—_——
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Respiration (per OM)corrected
=1.007 - 1073 + 0.0472 pH(CaCly)corrected 4)

This model explained 17.8 % of the residual
variation in respiration per organic matter
(F = 14.905; p < 0.001). This relationship indi-
cates that the increase in soil pH is related to
increase in respiration.

4 Discussion

4.1 Variation in Soil Properties

The studied Scots pine stand had a great deal of
variation in top soil properties, but no clear spa-
tial patterns were detected. This can be because
there is no detectable autocorrelation, or that —
most probably — the examined variables are auto-
correlated within shorter distances than the min-
imum of five metres between sample locations
used in this study. In an old field Robertson et al.
(1988) found spatial autocorrelation in pH and
nitrification occurring within distances less than
20 m. However, the resolution of autocorrelation
may be substantially smaller in forests than in
field soils because trees increase the variability
of forest soil properties by, e.g., changing the
distribution of rain and dissolved ions (Zinke
1962, Helmisaari and Milkonen 1989; see also
Boettcher and Kalisz 1990, Beniamino et al.
1991). Especially soil pH is highly variable at
both short and long distances. For example,
Oliver and Webster (1987) detected spatial de-
pendence (an increasing trend in semivariograms)
in pH of deciduous forest soils within lag dis-
tances from about 5 to 70 m. Riha et al. (1986a)
found no spatial dependence in the pH from
Norway spruce, sugar maple and red pine plan-
tation soils, even in samples 20 cm apart. Fur-
thermore the results of Riha et al. (1986b) and
Nykvist and Skyllberg (1989) indicate that to
find spatial autocorrelation in the pH of forest
soils, the distance between separate samples must
be short, at least less than 2 m.

Probably the spatial autocorrelation in soil pH
is so fine-grained that it is difficult to detect.
This condition may be due to the highly variable
pH of litter from trees, understorey and ground

vegetation (Mikola 1954, Howard and Howard
1980, Fyles and McGill 1987) with the uneven
fall and accumulation of litter (e.g. Facelli and
Pickett 1991, Hirabuki 1991). If the variation in
pH is very fine grained (within distances less
than 1 m) then our method of taking composite
samples, as required to describe the characteris-
tics of a one square metre plot, hides a large part
of the natural variation in soil pH.

Classifying the sample points according to the
calculated influence potential of trees revealed,
however, a weak but significant segregation in
soil properties according to the proximity of large
trees. Electrical conductivity of soil and the
amount of organic matter was highest near the
trees where IPOT was highest, but N,,, of OM
was highest in the low-IPOT class, i.e. farther
away from the trees (see also Boettcher and Ka-
lisz 1990). Forest soil organic matter cation ex-
change capacity is high (e.g. Pritchett and Fisher
1987), and apparently the higher amount of or-
ganic matter near the trees explains part of the
difference in electrical conductivity among the
IPOT classes. However, high electrical conduc-
tivity was not only due to the thicker layer of
humus, because the analysis of variance with the
amount of OM as a covariate did not change the
results presented in Table 2. Obviously the ion-
rich throughfall from the canopy has raised the
ionic concentration near the trees (Helmisaari
and Milkonen 1989). Soil solution electrical con-
ductivity rises nearly linearly when ionic con-
centration rises (Rikala and Jozefek 1990, Alva
et al. 1991, Walworth 1992).

There was also a non-significant tendency for
C,o of OM to be higher and C/N lower in sample
points belonging to the low-IPOT class compared
to higher IPOT class. High N, of OM in low-
IPOT samples suggests that the decomposition
has been more rapid and the proportion of old
organic material with high content of N is higher
(Alexander 1977, Berg 1986, Persson and Wirén
1989) in the areas where the influence of trees is
weaker . In spite of the significantly lower N, in
low-IPOT samples, nitrogen might be more eas-
ily available there, because N, of OM is high
and C/N is low. In general, availability of nitro-
gen is better in areas under early stages of sec-
ondary succession, as in the younger part of the
studied stand (see Vitousek et al. 1989).
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Some previous studies concentrating on, e.g.,
througfall chemistry (Helmisaari and Milkonen
1989, Beniamino et al. 1991, Boettcher and Ka-
lisz 1991) suggested that soil pH might be lower
under the trees where the influence potential of
trees is high. However, we found no significant
differences in soil pH in different IPOT-classes,
even when organic matter content was used as a
covariate. This may be because our composite
sample procedure has cancelled at least part of
the high spatial variability of pH as created by
the influences of trees (Riha et al. 1986a, 1986b).

4.2 Organic Matter in Top Soil

Factor analysis and the corresponding correla-
tion analysis of top soil properties showed the
particular importance of the amount of organic
matter on top soil chemical and microbiological
properties. The more organic matter, the more
carbon, nitrogen and other ions (Vaughan and
Ord 1985). Accumulating organic matter also
contains increasingly of exchangeable acidity.
Humus is incompletely decomposed organic mat-
ter and contains lots of acidic, functional groups
(e.g. Swift et al. 1978, Stevenson 1985).

Decomposition is the process that leads to the
release of nutrients to be used by plants, and
differences in decomposition thus play a distinct
role in determining the fertility status of soil.
The method we used to measure respiration stand-
ardises moisture and temperature, which are the
most important abiotic factors influencing de-
composition (Bunnell et al. 1977). The quality
of litter greatly affects decomposition too (Mikola
1954, Rosswall 1975, Fyles and McGill 1987).
However, the chemical characteristics we meas-
ured did not predict well the variation in respira-
tion. Organic matter nitrogen concentration ex-
plained respiration best, but the relationship was
weak and less than 20 % of the variance was
explained. In several studies substrate nitrogen
concentration has been the best predictor for or-
ganic matter decomposition rate (e.g., Gilmour
et al 1985), but the relationship is not always
straightforward. For instance, Fyles and McGill
(1987) failed to find a consistent relationship
between material chemical composition and de-
cay rate.

198

Persson and Wirén (1989) found that for the
same type of humus material there was a posi-
tive correlation between pH and CO, evolution
at similar N concentrations. Our sampling tech-
nique (core samples of fixed depth) required the
use of corrections, to reveal the influence of pH
on respiration rate. After standardization of res-
piration for concentration of N, our results also
are in agreement with those of Persson and Wiren
(1989): correlation between pH and respiration
was 0.422 (p < 0.001). However, most of the
variation in respiration remained unexplained,
again demonstrating the variability of forest hu-
mus material.

The thickness of the humus layer within the
study area varied manifoldly. This is ecological-
ly significant because the humus layer integrates
information about input of organic matter, quali-
ty of the environment and the humus itself. In
other words, the amount of humus shows the
sum of interactions in input of organic matter
(high or low), environmental conditions (favour-
ing or restricting decomposition) and substrate
quality (easy or difficult to degrade). Accumula-
tion of humus indicates environmental condi-
tions restricting decomposition, and/or poor qual-
ity of the material (from the standpoint of de-
composers), and/or high input rate of the organic
material. The effect of trees on humus layer thick-
ness is undeniable, and the mechanisms may be
through (i) the amount of litter, which is higher
near the trees, (ii) the quality of litter (bark, and
cone litter are less decomposable than twigs and
needles (see, e.g., Edmonds 1987), (iii) shading,
competition and throughfall, which favour less
decomposable plants as mosses (Mikola 1954,
Rosswall et al. 1975, Fyles and McGill 1987).

4.3 Relationships between Top Soil and
Mineral Soil

When separate sites and forest types are com-
pared, top soil characteristics indicate the differ-
ences in mineral soil quality (e.g., Westman 1990,
Tamminen 1991). For example, Sepponen et al.
(1979) found a weak but significant dependence
between humus horizon thickness and sand or
fine gravel in separate mixed pine stands and
spruce stands in northern Finland. In our study
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area mineral soil particle sizes vary remarkably.
Jirvinen et al. (1993) reported coefficient of var-
iation from 22 to 99 percent for different mineral
soil particle size fractions. The coefficient of
variation for fine gravel was 51 %. Our results
are similar to those of Sepponen et al. (1979) and
indicate that the within-site relationships between
mineral soil and top soil properties are weak. In
the factor analysis total magnesium was the only
mineral soil property to gain a reasonable — but
negative — factor loading on factor one, which
represented the humus layer. Tamminen (1991)
compared separate stands and presented a factor
solution, where humus layer thickness, mineral
soil extractable magnesium and humus layer to-
tal and extractable magnesium were all positive-
ly correlated and situated on factor 1. We as-
sume that the negative factor loading for magne-
sium in our factor analysis solution is due to the
sampling procedure which includes some miner-
al soil in top soil samples. Magnesium is abun-
dant in the mineral soil in the study area (Jarvi-
nen et al. 1993) and the amount of mineral soil —
also magnesium — is greater in the samples taken
from locations where the humus layer is thin.

In our factor analysis solution factor 3 includ-
ed mineral soil and top soil properties which
were related to each other and this factor was
denoted as the interaction factor (Table 4). Res-
piration and C/N were the most important top
soil properties and coarse sand, fine sand and
magnesium represented mineral soil best. These
interaction factor properties indicate that miner-
al soil and humus properties may be more close-
ly connected than suggested by the lack of corre-
lation between top soil organic matter and min-
eral soil properties. One indirect link is via trees
and field layer vegetation, which are influenced
by the mineral soil and which, in turn, influence
the amount and characteristics (e.g., decomposa-
bility) of humus at a point. In the present site
Jarvinen et al. (1993) found that mineral soil
properties are autocorrelated within distances less
than 20 m in the area and that mineral soil prop-
erties thus vary gradually. Also roots of plants
and litter production vary gradually around each
individual plant. Large trees are obviously most
important in production of litter in pine ecosys-
tems (e.g. Prescott et al. 1989). These facts im-
ply that the changes in soil properties around

trees are not abrupt, and the interactions between
mineral soil and humus are smooth and not easi-
ly detected.

4.4 Top Soil Variability and Influence of
Trees As Related to Pine Regeneration
and Seedling Growth

The germination of pine seeds and the early de-
velopment of small seedlings are determined by
a small effective environment on and beneath
the surface of the top soil (e.g. Yli-Vakkuri 1961).
Subsequently, this environment which affects the
microclimate of seedlings and from which the
seedlings have to extract nutrients, gradually ex-
pands. When the humus layer is thin, mineral
soil lies very near the surface and can be reached
even by roots of a tiny seedling. Moreover, in
glaciofluvial soils magnesium has been shown
to be especially important for trees in determin-
ing the fertility of soil (Viro 1951). We found
that, in general, where IPOT is low and conse-
quently the influence of trees is weak, the humus
layer is thin and the concentration of nitrogen is
high. A thick humus layer generally restricts
pine regeneration (Sarvas 1950) and the critical
nitrogen concentration for mineralisation to oc-
cur is about 1.6-1.8 % for decomposing forest
litter (e.g., Aber and Melillo 1980, Berg and
Staaf 1981). Accordingly, it seems that in loca-
tions with low IPOT (small gaps in the forest)
many prerequisites for successful tree regenera-
tion are fulfilled. Our results imply that the IPOT
approach may be useful in determining which
gaps offer space and resources enough for seed-
lings to grow and survive. In addition, when
small pine seedlings are considered, the thick-
ness of humus layer may also be used as a direct
indicator of the supply of mineral nutrients for
the seedlings.

4.5 Methodological Remarks

The soil characteristics in a stand result from
long time of interaction between soil and vegeta-
tion. Variation of forest soil properties depends
on many forest stand characteristics, such as the
age and structure of the tree layer, but also de-
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pends on factors like aspect, topography etc. Ap-
parently, the IPOT approach was successful in
predicting top soil properties because large trees
are important in describing site quality. The size
of the trees was also considered when calculat-
ing IPOT. The use of the approach is, however,
inevitably restricted to relatively undisturbed for-
est stands that have developed naturally for pro-
longed periods. For example, it is unreasonable
to expect that rapid changes in IPOT due to the
removal of trees can be seen in soil properties. In
some soil properties as the pH, the influence of a
single tree on the soil can be sometimes detected
even years after the tree has been removed (Pal-
lant and Riha 1990). Dead, standing trees and
windthrows also cause noticeable variation in
soil properties, but in our study site there were
no conspicuous signs of either ones to be seen.

Our sampling procedure (composite samples;
mixture of humus and mineral soil) was a com-
promise determined by the objectives of the re-
search project, especially those related further
analyses concerning field and bottom layer veg-
etation in relation to soil properties (Hokkanen
et al. 1995, Kuuluvainen et al. 1993). The thick-
ness of the humus layer evidently characterizes
many top soil properties, but the small-scale var-
iation of soil properties could not be satisfactori-
ly accounted for by humus thickness. Especially
the variation in soil pH evidently occurs within
distances of less than one metre, and our pH-
values are means for one square metre.

5 Conclusions

Spatial variability of humus thickness and or-
ganic matter properties was coupled with the
influences of large trees. The calculated influ-
ence potential of the trees appears to provide a
method to predict the long-term spatial effects of
trees on top soil characteristics. However, for a
more rigourous test of the method, sampling
should be more intensive than undertaken in this
study.

Composite soil samples, which were used due
to the other objectives of the research (study of
vegetation composition and seedling growth in
relation to soil properties), cannot be recom-
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mended for the detailed study of spatial varia-
tion in forest soil microhabitats because of the
loss in resolution.

Humus layer thickness provided a simple, in-
tegrative measure of many forest floor charac-
teristics of the studied Scots pine stand. Humus
organic matter content, pH, carbon and nitrogen
content and respiration followed closely the var-
iation in humus layer thickness.

Factors dependent on organic matter quality
(C/N, concentration of carbon and nitrogen and
respiration per organic matter) showed consider-
able spatial variation but their interdependencies
were weak. Increasing nitrogen concentration in
humus organic matter was the best general pre-
dictor for the increasing degree of decomposi-
tion.

The within-site interaction between the humus
layer and the underlying mineral soil was weak
and we found no consistent trends. The interac-
tions between mineral soil and humus chemical
characteristics may be revealed with more inten-
sive mapping and separate samples for mineral
soil and humus, as suggested by C/N and N,,, of
OM (see also Ilvesniemi 1991).
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