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ABSTRACT

Windstorms are one of the main factors cavsing damages in forest in Northern Europe.
The damages are especially severs, if the ground during the storm is not frozen and is
wet, therefore the irees are less stable. Cyclonic windstorms primarily happens during
the winter, and there is a prediction of notable rise of temperature in this period of the
yeer — thus we can expect more storm damages. It is known, that inside the forest stands
specific microclimate exists, affecting also the soil temperature. However, there is lack
on the specific of this impact at different depth of the soil in stand on organic soils.
Therefore aim of the study was to assess the influence of presence of spruce stand on
the peat soil temperature change in winter.

Aijr (40 cm above ground) and soil (0 to 40 cm) temperature was monitored in open
field (on peat soil} and middle age (40 years) and mature pure Norway spruce stands on
deep peat soil in central part of Latvia. Observations were made in winter (December to
February) and emly spring (March) from December 2016 to March 2019 (three
observation periods). Mean monthty air temperature in the observation period was from
-6.1°C to +6.8°C.

Air temperature during winter in mature stand was on average by 0 to 3.8°C lower than
in open area on peat soil. In December and January there were minimal differences, but
at the second part of winter the temperature differences reached on average 2.4°C.
Similar irend had been observed, comparing the air temperature in open field and
middie-age stand. In the soil temperature was notably higher, on average in December
to February at the depth of 20 cm by +2.0°C (ranging from -0.1 to -+4.6°C), in depth of
40 cm hy 5.5°C (from 2 to 8.2°C). However, when the temperature raised in spring (in
two out of the three observation years in March — the mean temperature was +6.8°C and
+6°C) the temperature in soil was notably lower than in air- in depth of 20 em by 5.7°C
and 4.6°C, in depth of 40 e by 3.3 and 1.9 C.

Temperatime on ground during the winter was by 0.5 to 1°C on average higher close to
the spruce tree (1 m) than further away from it (3 m) in middle age stand, but there was
much less influence of the distance from the tree in mature stand. Deeper in soil (20 cm)
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closeness to the tree did not made much difference in temperatire (-0.2 cm). The
influence of presence of forest stand was various — in milled age stand in 20 cm depth
temperature during the winter was by was by 0.2°C higher in in another year by 1.2°C
higher. Hoverer, overall, the temperatire in peai soil was higher than in the air, and
especially it was true in the Norway spruce stands. Thus, the effect predicted in the rise
of air temperature will be even more promounced for the soil temperature, thus
influencing the probability of damages in forest stands.

Keywords: frost, freezing depth, organic soil, peat soil, wind damagss

INTRODUCTION

Wind damages in forest are influence by numerous factors, including tree species, soil
type and status, topography and silviculture [1, 3]. Norway spruce in general is more
vulnerable to wind damages, and event is admixture in the canopy layer of the stand
increases the probability of such damages [4]. Stands on peat soils are more damaged
than stands on mineral soils [4]. Also the ground-water level (affecting the rooting
depth} and the soil conditions are important. Trees are most stable against uprooting in
diy frozen soil, less — in dry (fiesh) and least — in wet soil [11], often present in
hemiboreal forest in winter without sufficient frost. Faster growth — thus shorter
exposure time to the strong winds until the target diameter is reached — is crucial to
reduce the wind damaged probability, thus also its financial consequences. Also larger
diameter of frees increase their resistance against wind snapping, causing damages of
assortment that can be retrieved in salvage-logging [51. Increment can be increased via
several means: a) lower initial density {9], that also have a positive influence of
adaptation of trees to wind; b) intensive thinming of young stands, essentially creating
similar effect as sparser planting; however, it needs to be done timely — at later stages of
stand development thinning significantly reduced wind resistance for the stand for the
period of 3-5 years [4]; ¢} fertilization, affecting the growth of the trees for up to 15
years [7]; tree breeding, aiming at improvement of growth [6]. While striving to
maximize the growth, it is important to minimize the negative side effects: larger trees

were more prone to stem cracking that is associated with sudden and significant drops -

of groundwater table [15] — selection of resistant clones is important. Influence of
climate change can be both positive and negative — prolonged growth period in
favourable micro-site conditions may lead to increased growth via formation of lammas
shoots 8] and positive growth responses to increased temperature, as observed from
provenance ftrials [14]. At the same time limited. precipitation in combination with
higher temperatures in summer (predicted to be more frequent in future) will have a
negative effect on the radial growth of the Norway spruce [12]. Additionally, the
maintenance of the growing stock is important to ensure a large carbon pool in old-
growth stands [10] and/or improved growth of new generation of trees and additional
sequestration in wood produets, Damages by cervids — the most frequent cause of stem
defecis of Norway spruce [13] — may affect the wind-resistance, especially, if the
infected by fungi [2]. Also in this rfespect faster growth of trees — thus shorter time
between damages and the final harvest — is fmportant. Overall, amount of wind damages
can be reduced also in Norway spruce stands, but, to select the most efficient approach
and assess the magnitude of the potential reduction, it is important to understand the soil
conditions in the stands, especially during the cold-part of the year. Therefore aim of
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our study was to assess the influence of presence of spruce stand on the peat soil
temperature change in winter.

MATERIAL AND METHODS

Study was carried out in central and central part of Latvia (Fig. 1). According te data of
Latvian Environment, Geology and Meteorology Centre, in this region 30-years mean
air temperature in July and Janoary is 18 and -6 °C, respectively. Frost-free period is
140 days m average; annual sum of precipitation varies between 700 and 200 mm,
Latvia is affected by cyclones, bringing both precipitation and strong winds (storms);
the maximums wind-speeds in the largest storms had ranged from 28 to 48 m . Data
from Latvian State Forest Service indicates, that wind disturbance is the reason for 40 to
60% of all sanitary clearcuts.

i

Figure 1. Location of sampling site.

Afr (40 cm above ground) and soil (0 to 40 cm) temperatuwe was monitored in apen
field (on peat s0il) and middle age (40 years) and mature pure Norway spruce stands on
deep peat soil in central part of Latvia. Observations were made in winter (December to
February) and early spring (March) from December 2016 to March 2019 (three
observation periods). Mean monthly air temperature in the observation period in the
sites was from -6.1°C to +6.8°C.

Changes of soil temperature were characterized since the beginning of the winter using
30-day average values and obtaining their confidence intervals and way to determine the
significance of the differences.

RESULTS AND DISSCUSION

AIr temperature during winter in mature stand was on average by 0 to 3.8%C lower than
in open arez on peat soil. In December and January there were minimal differences, but
at the second part of winter the temperature differences reached on average 2.4°C.
Stmilar trend had been observed, comparing the air temperature in open field and
middle-age stand. In the soil temperature was notably higher, on average in December
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to Febroary at the depth of 20 cm by +2.0°C (ranging from -0.1 to +4.6°C), in depth of
40 cm by 5.5°C (from 2 to 8.2°C). The predicted changes in the air temperature, as
characterized in IPCC reports, are not only the overall rise of the mean, but also larger
amplitude and thus negative temperatures for a shorter perfods at a time, Qur results
demonstrated a notable capacity of the soil to buffer such sudden shifts in the
temperature and remain uninfluenced. Thus there might be even larger influence of the
milder winter conditions on the soil (it remaining un-frozen for longer period of time)
than on the air. However, when the temperature raised in spring (in two out of the three
observation years in March — the mean temperature was +6.8°C and +6°C) the
temperature in 50il was notably lower than in air: in depth of 20 cm by 5.7°C and 4.6°C,
in depth of 40 cm by 3.3 and 1.9 C, respectively.

Significant differences between the changes and the values of the soil temperature (both
the man and the minfrum) at different depth (10 and 20 ¢m) in the open field and in the
Norway spruce stands had been found (Fig. 2). Rather large confidence intervals in one
of the measurement points in the Norway spruce stands may reflect the malfimctions of
the sensor or influence of other factors, like a cover from one side of the measurement
point, which may happen to be in up-wind and down-wind direction.

w
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Figure 2. Mean temperature in peat soil at the depth of 10 and 20 cm in open field (red
line) and spruce stands (all other lines).

Similar tendency, but rather smaller and not across all the period significant differences
were observed also in depth of 40 crn, that is even more isolated from the air. Since the
withers were very mild during the observation period, it is not possible to directly
characterize the differences in the time period when the soil if frozen in different depth
in open field and stand. Therefore measurements are continued. However, from the
relationships found in the study it is clear, that shorter periods with freezing soils can be
expected in future. This is in line with results in Fintand [11].

Temperature on ground during the winter was by 0.5 to 19C on average higher close to
the spruce tree (1 m) than further away from it (3 m) in middle age stand, but there was
much less influence of the distance from the tree in mature stand. Desper in soil (20 cm)
closeness to the tree did not made much difference in terperature (-0.2 cm). The
influence of presence of forest stand was various — in milled age stand in 20 cm depth
temperature during the winter was by was by 0.2°C higher in in another year by 1.2°C
higher. Hoverer, overall, the temperature in peat soil was higher than in the air, and
especially it was true in the Norway spruce stands, Thus, the effect predicted in the rise
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of air temperature will be even more pronounced for the soil temperature, thus
influencing the probability of damages in forest stands.

Due to complex interactions of the parameters affecting the differences between soil and
air temperamire (like overall sum of negative temperature before the observation point,
duration and length and actual scale of the drops of temperature occurring), additional
further analysis should use already existing soil temperature caleulation programs and
test their performance with the collected datasets of soils #n the spruce stands. It will be
essential to obtain practically usable relationships (equations).

CONCLUSIONS

Overall, the temperature in peat soil was higher than in the air, and especially it was true
in the Norway spruce stands. In the middle-age stand with relative lower green crown,
the soil temperature was even higher closer to the tree (ie., where the roots, ensuring
stability of the tree, are) than further away from it. Rise in the air temperature in the
winter will be linked to even more pronounced rise of soil temperature, especially in the
forest stands, thus influencing (increasing) the probability of wind damages.
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ABSTRACT

Stand structural diversity, defined as the diversity of trees in stands, can be indicative of
averall biodiversity and habitet suitability, useful in forecasting stapd growth, and
provide within stand detail for forest inventories. The diversity analysis provides more
detail to the traditional stard structure descriptions and enables the approach to stand
management more consistent not only with the timber production, but also with other
productions- and values of theé multi-benefit forest stands, and/or transformation
processes. A limited number of authors have tried to combine tree variables and spatial
position info structural indices. In this stedy eight diversity indices were used to
characterize the horizontal and spatial distribution of the individuals in multi-species
stands, using four. plots, located in Chettaba forest, East-North Algeria. The results
revealed interesting differences and similarities in the behavior of the studied indices.

Keywords: Aleppo pine, structrral indices, spatial distribution, horizontal distribution.

INTRODUCTION

The traditional structure analysis does not take into account diversity. In fact, in pure
and evenaged stands its evaluation hias little importance. On the contrary, in mulri-
species and espscially in unevenaged stands it is important as it enables the analysis of
stand characteristics that are ot caught in the traditional stand structure analysis.

Stand strueture is an important element of stand biodiversity [1]. High bicdiversity is
associated with stands where there are multiple tree species and sizes [2]. For forested
scosystems, structural diversity can indicate oversll species diversity [3]. Managing
forests for biodiversity may be accotiplished by managing for structural diversity. In
addition to being usefil as a possible proxy for measuring stand biodiversity, measures
of stand structural diversity are also important for predicting fiture stand growth and
development [4]. Oliver and Larson [5] indicated that a variety of patterns of growth are
related to structural complexity.

The structural complexity of a forest is largely determined by the number of tree species
but of equal importance is the diversity in the size of individual trees. One of the factors
affecting the coexistence of species in a mixed forest is the interactions between
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