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Abstract

Experimental plantation of exotic species and provenances of trees have been established to assess possibilities to

increase productivity of stands. However, risks related with various hazards must be evaluated before commercial use of
novel (introduced or exotic) tree provenances or species. One of such risks is wind damage, which can be related with
crown properties and physical stability of trees. Lodgepole pine (Pinus contorta var. latifolia) from three provenances
and local Scots pine (Pinus sylvestris) at the age of 26 years from experimental trial in central part of Latvia in Zvirgzde
were sampled. Mass of branches in four quarters of crown, mass of stem and parameters of branches were measured.
Height of the mass point of aboveground part of trees and distribution of crown biomass was determined and compared
between provenances of lodgepole pine (LP) and Scots pine (SP). Similarity of distribution of crown biomass was determined
by cluster analysis and the relationship between crown biomass and properties of stems and crowns were determined.
Height of mass point correlated with height of the tree, which was significantly higher for Summit Lake provenance
of LP. However, the relative height of mass point was similar for LP and SP, ranging from 31.8 to 43.6% of tree height.
The properties of crowns and trees differed between species; aboveground biomass was higher, branches were longer and
thicker for SP. LP had higher ratios of branch mass-tree height, and branch mass-branch length. Only several parameters
such as ratio of branch-stem mass, height of lowest living branch and diameter of the thickest branch in first two meters
differed between provenances of LP. Four groups of trees established according to cluster analysis of crown biomass
distribution consisted of trees from different provenances and species of trees and had different patterns of crown biomass
distribution. Biomass of upper half of crown, length of crown, and branch length differed between groups of trees

distinguished according to the distribution of crown mass.
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Introduction

Increase in stand productivity, gaining higher yield
in shorter time, is one of the main goals of forest
management. Tree genetics play an important role
determining necessary management for development
of high quality stands (Burton 2011). In order to bet-
ter understand an influence of genetics on tree growth
and survival, many experiments, such as common gar-
den and progeny trials of diverse provenances of
native and exotic species have been established (Mat-
yas 1994, Savill et al. 1997; Oleksyn et al. 1998, Spiecker
and Hein 2009). Although the increase in wood vol-
ume increment is an important factor that affects the

yield of stand (Kellomiki and Kolstrom 1993, Peng
2000, Mikinen and Isoméki 2004), the estimation of risks
related with various natural hazards, which may dam-
age stands, are crucial for maintenance of stands eco-
nomic value (Valinger and Fridman 1997, von Gadow
and Hui 2001, Elie and Ruel 2005, Burton 2011). The
damage caused by environmental hazards to a certain
extent may be diminished by sustainable management
or application of tree species and provenances with
higher resistance (von Gadow and Hui 2001, Elie and
Ruel 2005). However, all possible knowledge on growth
and related risks for novel (introduced) tree species
or provenances should be acquired before application
in commercial use.
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Mechanical damage to forest stands caused by
wind and snow is one of the natural hazards resulting
in notable economic losses (von Gadow and Hui 2001,
Schelhaas et al. 2003). The importance of wind dam-
age might be increasing in the future as increasing
frequency and magnitude of storms is forecasted (Pel-
tola et al. 1999a, IPCC 2007). The effect (damage) of
wind depends on many factors like landscape, stand
location and structure, individual properties of trees
stems and crowns (Valinger and Fridman 1997, Peltola
et al. 1999a, b, Talkkari et al. 2000, Rudnicki et al. 2004,
Zeng et al. 2004, Lanquaye-Opoku and Mitchell 2005,
Scott and Mitchell 2005). The risks related to landscape
and stand structure may be minimized by stand man-
agement (von Gadow and Hui 2001, Donis 2006, Jac-
tel et al. 2009), while individual properties of trees
might be improved via tree breeding (Zobel and Tal-
bert 2003). Among many characteristics of a tree that
influence the effect of wind, the height of tree and
properties of crown like width, density, branch thick-
ness etc., have been described as the main factors
affecting wind damage (Nykédnen et al. 1997, Peltola
et al. 1999b, Cucchi et al. 2005, Scott and Mitchell
2005). Although complex models, that include many
stand and tree parameters have been developed to
predict the effect of wind damage in a stand (Ancelin
et al. 2004, Cucchi et al. 2005, Scott and Mitchell 2005),
the height of the mass point (centre of mass) of tree
may be used as proxy to estimate the risks of
windthrow (Cucchi et al. 2005, Nicoll et al. 2006). Dis-
tribution of mass of the crown and properties of
branches can be related to the density of crown (Elie
and Ruel 2005, Tahvanainen and Forss 2008) and,
therefore, it can be related also to the windage and
possible damage caused by wind (Nykénen et al. 1997,
Peltola et al. 1999b, Scott and Mitchell 2005).

SP is the most common tree species in Latvia;
therefore, it has been subjected to more biotic hazards,
such as pests, compared with exotic LP (Karlman 1981,
Baumanis et al. 1992). Additionally LP had shown fast-
er growth and higher wood increment compared with
SP under similar conditions in Europe (Gallagher et al.
1987, Elfving et al. 2001). For this reason, experimen-
tal plantations of LP have been established in Zvirgzde
Latvia in 1970s (Baumanis et al. 1992). Considering
potential increase in pest activity due to climate
change (Dale et al. 2001, Logan et al. 2003), wider use
of LP in forestry might be considered. However, in
central and northern Sweden, LP is also known to be
more affected by wind and snow damage than SP
(Elfving and Norgren 1993). Therefore, the knowledge
on mechanic stability and windage of SP and LP in
relation to susceptibility to the effect of wind in Latvia
is necessary. The aim of the study was to compare the

height of mass point of tree and distribution of crown
biomass between 26-year-old SP and LP in the exper-
imental plantation located in central part of Latvia in
Zvirgzde and to determine the relationships between
the crown mass distribution and properties of crown
and tree.

Materials and Methods

Study area

The study area was located in the central part of
Latvia, near Zvirgzde (56°2820" N lat., 24°17°20” E
long.) (Figure 1) on the flat relief, elevation was ~ 30
m a.s.l. According to data from Latvian Environment,
Geology and Meteorology Centre (LEGMC), the mean
annual temperature is ~ 5.5 °C, annual precipitation
ranges from 500 to 650 mm. The coldest month is Jan-
uary (mean temperature is ~ -5 °C) and the warmest
month is July (mean temperature is ~17 °C). Most of
the precipitation falls during summer (June-August)
and, therefore, decreases the risk of drought. Length
of the vegetation period (the mean diurnal tempera-
ture being >5 °C) is ~185-190 days.

km

Figure 1. Location of the study site (black square)

The sampling site was the provenance trial of LP
and trial of SP located directly besides it. Both trials
were planted in 1985 by two years old bare rooted
seedlings in Vacciniosa forest type (classification by
Buss (1976)). Initial spacing of trees in both trails was
2 x 1m (5,000 trees per ha), no thinning was made pri-
or to sampling. The trials consisted of three prove-
nances Pink Mountain (57°00' N lat., 122°15’ W long.),
Fort Nelson (58°38’ N lat., 122°41° W long.) and Sum-
mit Lake (54°24° N lat., 122°37" W long.) of LP, each
represented by 5 open-pollinated families, planted in
60 tree block plots and randomly distributed in 4 rep-
lications and open-pollinated progenies of local SP
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from the first generation seed orchards, planted in 50
or 100 tree block-plots and randomly distributed in 5
replications. Both trials were enclosed by three buff-
ering rows of trees and they were surrounded by com-
mercial plantations of the same age and similar height,
thus reducing edge effect.

Sampling

Trees were sampled in autumn 2009. In total, 159
living LP (48, 52 and 59 trees for Fort Nelson, Pink
Mountain and Summit Lake provenances, respective-
ly) and 135 SP trees, representing height and diame-
ter variability of the trials, were selected based on the
trial inventory and felled. Trees, which might be sub-
jected to the edge effect (i.e. distinct differences in
height of neighbouring blocks) or had asymmetrical
crowns, were not sampled. Cutting was done as close
as possible to the root collar. For each tree, height and
height of the lowest living branch (covered with green
needles) were measured to the nearest centimetre.
Diameter at breast height (DBH) was measured with
precision of one millimetre. The stems were pruned,
cut into one metre long fragments (beginning from the
base) and weighted (the fresh weight) with precision
of 0.01 kilogramme. Living branches and needles (dry
branches were ignored) were divided in four quarters
of crown of the equal length (accordingly from the
lowest living branch (crown base) upwards) and
weighted (the fresh weight) with precision of 0.01 kilo-
gramme. Additionally, the diameter of all the branches
and length of one randomly selected branch from each
whorl within each part of crown were measured with
precision of one millimetre and one centimetre, respec-
tively.

Data analysis
For each tree, height of the mass point was cal-
culated as the weighted average value of height of

middle point and mass of each part of the tree (stem
_Zm X h

mass point . Zh . .

mass or part of the tree and 4 — height of middle point

of part of the tree. Relative height of the mass point

was calculated as j = —mass point where H —

rel. mass point

height of tree. Relationships between height of the

and crown segments) as j , where m —

mass point and height of trees were determined by
Pearson correlation analysis (Sokal and Rohlf 1995).
Univariate GLM was used to verify the effect of prov-
enance on the mass point height, using tree height and
diameter as covariates (Sokal and Rohlf 1995). Differ-
ences of the mass point height and crown parameters
(height of tree and first living branch, DBH, diameter
of the thickest branch up to 2 m height, length of liv-
ing part of crown (stem with living branches), mean

length of branch, approximation of mean and total
branch cross-section area (calculated as sum of
squares of branch radius) within each quarter of crown
and whole crown, the mass of first meter of stem, slope
and intercept coefficients of linear model of stem mass
by height, total branch mass and ratios of tree height-
DBH, branch mass-branch length, total branch mass-
DBH, mean branch length-DBH, total branch mass-stem
mass, and total branch mass-tree height) among prov-
enances of LP and SP were compared with ANOVA and
Tukey’s HSD (Honest Significant Difference) test
(Miller 1981).

To test if distribution of the biomass in living part
of crown (beginning from first live branches upwards)
differs between trees, the total mass of each quarter
of crown was determined as the sum of mass of
branches (with needles) and stem. For the estimation
of stem mass according to quarters of crown, linear
models were empirically fitted to mass data of stem
segments (we assumed that the mass point of each
segment was located in its centre and it also approved
empirically during verification of models) for each tree;
all models showed good fit and R? values were > 0.96.
Stem mass of crown quarters was determined by def-
inite integral of fitted linear functions (models) (Mel-
lor 2007). The distribution of mass of crown quarters
was determined as relativized (against total) sums of
branch and stem mass. To test for grouping among
trees based on distribution of crown biomass, a clus-
ter analysis (McCune and Mefford 1999) (correlation
used as the distance measure and group linkage as-
sessed by Ward’s method) was conducted in R (R Core
Team 2012) using library “vegan” (Oksanen et al. 2013).
Logical variable weather was used as grouping varia-
ble (trees were located on the edge or in the middle
part of blocks). Proportions of trees from different
provenances between four groups (established accord-
ing to cluster analysis) were compared by chi-square
test (Sokal and Rohlf 1995). Properties of trees and
their crowns (described above) between provenances
of LP and SP and between the groups established by
cluster analysis were compared by ANOVA and Tuk-
ey’s HSD test (Miller 1981).

Results

The height of trees and height of the mass point
of tree was significantly (p-values < 0.01) higher for
Summit Lake provenance of LP than for other prove-
nances of LP and SP (Figure 2), that was also verified
by GLM (using tree diameter or height as covariates).
However, the height of mass point was positively and
tightly correlated with height of tree in all four cases
(r ranged from 0.88 to 0.96 for Summit Lake provenance
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Figure 2. Height (A), height of mass point AN
(B) and (C) relative height of the mass point
(% of tree height) of sampled trees of LP 30
(Fort Nelson, Pink mountain and Summit T T T T
Lake provenances) and SP (C) Fort Nelson Pink Mountain Summit Lake Scots pine

of LP and SP, respectively, (p-values < 0.01)), suggest-
ing the height of mass point and height of tree have
almost the same patterns of variation and other pa-
rameters affected up to 23 % of variation of height of
mass point (Summit Lake). The differences of the rel-
ative mass point height between provenances of LP
and SP were insignificant (p-values > 0.05. Most of
the tested parameters of stems and crowns differed
significantly between LP and SP (Table 1), suggest-
ing differences in crown architecture. SP had signifi-
cantly lower DBH, biomass of above ground parts
(mass of quarters of crown and parts of stem, ratio of
branch mass-DBH), while the branches were signifi-
cantly longer (mean branch length and ratio of branch
length-DBH) and thicker (higher mean cross-section)
compared with LP. LP showed higher ratios of branch
mass-tree height, and branch mass-branch length, thus
more wood is allocated to branches. Only several of
tested parameters differed between provenances of LP.
Fort Nelson provenance had significantly higher ra-
tio of branch-stem mass compared with Summit Lake

provenance and SP. The height of lowest living branch
was lower for Fort Nelson than for Summit Lake prov-
enances. Diameter of the thickest branch in first two
meters of stem significantly differed between prove-
nances of LP and SP. The proportions of biomass of
quarters of stem did not differ significantly between
provenances of LP and SP, except for Pink Mountain
provenance that had significantly higher proportion
of biomass in third quarter compared with SP.

A cluster analysis of crown biomass distribution
suggested that trees can be successfully grouped
according to these criteria. The first two levels of di-
vision (used for establishment of groups) explained ~
75 % of variation of data and four groups of trees were
established. The distinguished groups differed by
number of trees (from 24 to 123 trees for IV group and
IIT group, respectively) (Table 1) and by composition
of tree provenances (Table 2). Nevertheless, there were
no tendencies regarding trees on edges of blocks,
suggesting insignificant edge effect. Each group con-
sisted of trees from all three provenances of LP and
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Table 1. Differences of properties of sampled trees from provenances of LP and SP and from four groups of trees distin-
guished in cluster analysis. Effect of grouping was determined by ANOVA (p-values), differences between groups deter-
mined by pairwise Tukey’s HSD test (*- p-value<0.05, letters indicate differences between specific pairs)

Tree provenances (original groups)

Groups of trees distinguished by cluster analysis

Fort Pink

Summit Scots p- Custer Cluster Cluster Cluster

Nelson Mountain Lake pine values | 1} 1l v p-values

Number of trees 48 52 59 135 58 89 123 24

Mean tree height (m) 10.42 10.51 11.31* 10.34 <0.01 10.23 10.65 10.65 10.81 0.12
DBH (cm) 11.8 11.6 1.7 10.7* <0.01 1.1 1.2 1.3 1.3 0.95
Mass point height of tree (m) 4.14 4.20 4.43* 4.09 <0.01 3.97% 4.20 4.24 4.42 0.01
Relative height of mass point of tree (%) 39.71 39.96 39.18 39.58 0.10 38.76* 39.51* 39.76* 40.98* <0.01
Height of the lowest living branch (m) 4.17*a 4.51 5.00a 4.90a <0.01 4.92 4.66 4.70 4.77 0.51
Length of living part of crown (on stem) (m) 6.25 6.01 6.32 5.43* <0.01 5.30" 5.99 5.96 6.04 0.01
Diameter of the thickest branch up to 2 m height (mm) 23.31* 20.59* 19.83* 17 .45* <0.01 19.40 19.59 19.58 18.21 0.96
Mass of first meter of stem (kg) 12.93 12.74 12.96 10.83* <0.01 11.07 11.96 12.24 12.46 0.36
Mass of stem from first meter upwards (kg) 54.76 55.69 61.69 44 .87 <0.01 46.08 52.36 53.20 56.12 0.21
Branch mass (kg) 22.01a 20.22a 19.27 15.27*a 0.01 15.23 17.54 19.32 20.23 0.10
Mass of the first quarter of crown (kg) 16.74 15.41 16.01 11.22* <0.01 12.53 14.73 13.88 13.34 0.52
Mass of the second quarter of crown (kg) 16.39 15.13 14.66 10.87* 0.01 10.68 11.88 15.41* 13.87 0.01
Mass of the third quarter of crown (kg) 11.29 10.62 10.57 6.92* <0.01 5.86* 9.70 9.37 12.37 <0.01
Mass of the fourth quarter of crown (kg) 2.90 2.76 2.68 1.73* <0.01 1.72* 2.28 2.50 2.74 0.01
Proportion of mass in the first quarter of stem (%) 36.21 35.30 36.78 36.53 0.31 41.29* 38.23* 33.50* 31.58* <0.01
Proportion of mass in the second quarter of stem (%) 34.13 34.02 33.20 34.91 0.06 34 .57 30.38* 37.37* 32.17* <0.01
Proportion of mass in the third quarter of stem (%) 23.44 24 13*a 23.62 22 47a 0.04 18.70* 25.23* 22.54* 29.37* <0.01
Proportion of mass in the fourth quarter of stem (%) 6.22 6.54 6.40 6.08 0.60 5.43*a 6.15 6.57a 6.87a 0.01
Slope of model of stem mass and height -1.31 -1.23 -1.18 -1.03* <0.01 -1.12 -1.14 -1.15 -1.19 0.89
Intercept of model of stem mass and height 13.21 12.86 13.25 10.61* <0.01 11.20 11.99 12.17 12.67 0.46
Mean length of branch in the first quarter of crown (m) 1.53 1.35 1.49 1.78* <0.01 1.63 1.58 1.60 1.66 0.90
Mean length of branch in the second quarter of crown (m) 1.05 1.02 1.10 1.43* <0.01 1.22 1.14a* 1.26 1.42a* 0.03
Mean length of branch in the third quarter of crown (m) 0.80 0.72 0.83 1.03* <0.01 0.86 0.91 0.88 1.06* 0.03
Mean length of branch in the fourth quarter of crown (m) 0.37 0.33 0.38 0.43* <0.01 0.38 0.38 0.40 0.45 0.06
Mean length of branch in the whole crown (m) 0.90 0.83 0.93 1.18* <0.01 102.19 99.39 102.14 113.24 0.22
Total cross-section of branches in the first quarter of crown (cm?) 40.64 39.46 38.61 27.62* <0.01 37.79 36.92a 32.09a 24.53*a 0.01
Total cross-section of branches in the second quarter of crown (cm?) 53.67a 50.75a 44.00 35.33*a <0.01 37.93a 35.25a 50.39*a 43.58 0.01
Total cross-section of branches in the third quarter of crown (cm?) 43.83 39.99 37.39 25.66* <0.01 23.29* 35.72 34.48 45.14 <0.01
Total cross-section of branches in the fourth quarter of crown (cm?) 15.97 13.74 13.03 9.48* <0.01 9.53*a 11.47 13.39a 12.98 0.01
Total cross-section of branches in crown (cm?) 154.95 144.16 134.27 98.82* <0.01 109.51 120.22 130.77 127.57 0.20
Mean cross-section of branches in the first quarter of crown (cm?) 8.14 7.08 7.21 10.63* <0.01 11.05* 8.72 8.26 7.73 0.01
Mean cross-section of branches in the second quarter of crown (cm?) 8.04 7.42 7.10 14.97* <0.01 11.74 8.79%a 11.53a 13.69a 0.01
Mean cross-section of branches in the third quarter of crown (cm?) 5.68 5.61 5.61 10.45* <0.01 7.30 7.18 7.87 11.46* 0.01
Mean cross-section of branches in the fourth quarter of crown (cm?) 2.35 2.06 2.10 3.80" <0.01 2.83 2.54*a 3.07a 3.66a 0.01
Mean cross-section of branches in crown (cm?) 5.88 5.42 5.42 9.81* <0.01 8.06 6.69 7.55 9.03 0.05
Tree height-DBH ratio 88.50*a 90.91 97.09a 97.16a <0.01 90.91 95.24 94.34 95.24 0.32
Branch mass-DBH ratio 1.78 1.65 1.59 1.30* <0.01 1.29%a 1.48 1.62a 1.60 0.04
Branch length-DBH ratio (x 0.01) 7.61 7.16 7.98 11.00* <0.01 9.19 8.88 8.98 9.78 0.39
Branch mass-tree height ratio 2.08a 1.88a 1.65 1.44*a <0.01 1.46 1.61 1.77 1.85 0.15
Branch mass-branch length ratio 0.24 0.23 0.20 0.12* <0.01 0.15 0.18 0.19 0.18 0.06
Branch mass-stem mass ratio 0.31*a 0.28 0.24a 0.26a <0.01 0.26 0.27 0.28 0.28 0.45

SP; however, differences of tree composition were sig-
nificant only between group I and group II (higher
proportion of SP in group I) (Table 2). The pattern of
crown biomass distribution among distinguished
groups of trees differed significantly (Figure 3). Groups
I and II consisted of trees, which showed similar de-
crease of proportion of biomass from lower to upper
quarter of crown; group II had slightly higher propor-
tion of biomass in third quarter of crown. Trees from
group IIT had the highest proportion of biomass is
second quarter of crown, while trees from group IV had
similar distribution of biomass in first three quarters
of crown. Proportions of biomass among first three
quarters of crowns differed significantly between all

four groups of trees, while proportion of biomass in
fourth quarter of crown was significantly higher only
in group I compared with group IV (Table 1). Several
parameters of stems and crowns differed significantly
between distinguished groups of trees. Trees from
group I had significantly lower mass of third and
fourth quarter of crown and length of crown but the
mean cross-section of branches in first quarter of stem
was higher. Trees from group II had shorter and thin-
ner branches in second quarter of crown. Second quar-
ter of crown was significantly heavier and total cross-
section of branches was higher for trees in group III.
Trees from group IV had significantly longer branch-
es in the lower two quarters of crown; the branches
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Table 2. Number of trees from different provenances of LP
(Fort Nelson, Pink Mountain and Summit Lake) and SP in
groups of trees distinguished by cluster analysis and signi-
ficance of the differences between tree composition between
groups (p-values of chi-square test)

Number of trees

Group | Group Il Group Il Group IV
Fort Nelson 9 16 19 4
Pink
Mountain 7 19 23 3
Summit
Lake 7 24 24 4
Scots Pine 35 30 57 13
Differences in compositioin of trees between groups, p-values

Group | Group Il Group Il Group IV
Group | 0.01 0.28 0.94
Group I 0.30 0.30
Group I 0.85
Group IV

were thicker in the second quarter of crown; howev-
er, their total cross-section area was significantly
smaller.

Discussion and conclusions

Height and DBH differed between provenances of
LP and SP; LP overall had higher DBH and tree height
compared with SP (Figure 2), therefore, suggesting
higher wood increment, as observed in Scandinavia
(Gallagher et al. 1987, Routsalainen and Velling 1993,
Rosvall et al. 1998, Elfving et al. 2001). LP from Sum-
mit Lake provenance were the highest among the stud-
ied (Figure 2), similarly as observed in previous inven-
tories of trials in Zvirgzde (Baumanis et al. 1992).
Therefore, the faster growing Summit lake provenance
might be more affected by wind if grown in mixture with
slower growing trees (Ancelin et al. 2004, Cucchi et
al. 2005). Although higher trees showed elevated mass
point, the relative height of mass point was similar for
both LP and SP (Figure 2), suggesting that properties
of crown and stem might influence potential suscep-
tibility to wind damage. Most of the tested crown
parameters differed between LP and SP (Table 1) sug-
gesting differences in stem and crown architecture and
distribution of biomass.

SP had higher tree height-DBH ratio (stem taper
(Burton 2011)) and lower slope coefficient from stem
mass-height equations (Table 1), which might increase
risk of windbreak (Mickovski et al. 2005); however,
crown biomass was lower and branches were longer,
lighter and thinner apparently suggesting lower crown
density (Kellomiki 1986, Mikeld and Vanninen 2001)
and, therefore, lowering susceptibility to wind dam-
age (windbreak) (Rudnicki et al. 2004, Scott and Mitch-

o\i 50
£
5 40 e
e} b= ==
S _
30
g
S g0
g — Group |
-8 0 — Group 11
5 | = = Group III
g Group IV
~ 0 -
[ I I 1
I quarter I quarter III quarter IV quarter

Figure 3. Mean distribution of crown biomass (branches and
stem) by four quarters of crown for four groups of trees dis-
tinguished by cluster analysis. Error bars represent confi-
dence intervals

ell 2005). In contrast, LP had heavier crown with higher
density (thicker, shorter and heavier branches), but
stem taper was lower; additionally, LP has slightly
higher wood density and durability (Sable et al. 2012).
Apparently there are no obvious advantages for any
of studied species since the studied crown parameters
increasing and decreasing susceptibility to wind dam-
age seemed to countervail.

Differences in crown parameters between prove-
nances of LP were lesser than those observed between
species as only several factors differed between one
or two pairs of provenances (Table 1). This suggest-
ed that properties of crown and biomass distribution
were rather similar for LP trees and there are species
specific strategy of aboveground biomass allocation.
Nevertheless, the ratio of tree height-DBH was high-
er for LP Fort Nelson provenance (Table 1), suggest-
ing that these trees might be more resistant to wind-
break due to relatively thicker stem (Valinger and Frid-
man 1997, Ancelin et al. 2004). However, it also had
relatively higher branch mass (higher ratio of branch-
stem mass) and the lowest mass of stem among LP
(Table 1) suggesting distinct pattern of carbon allo-
cation as less carbon is utilized in stem (log) growth.
Branch diameter in lowest two metres of stem was the
smallest for Summit Lake provenance of LP, suggest-
ing higher quality of timber for these trees due to lower
branchiness of stem (Savill et al. 1997, Spiecker and
Hein 2009). This is also supported by lower total
cross-section area and mean cross-section area of
branches in crown for LP that implies smaller branch-
es in upper parts of stem. However, stem taper was
higher for Summit Lake provenance of LP, thus increas-
ing susceptibility to windbreak (Mickovski et al. 2005).

Four groups of trees distinguished by a cluster
analysis based on crown biomass distribution consist-
ed of trees from all three provenances of LP and SP
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(Table 2) suggesting differences in crown mass distri-
bution might be related to different functional traits
present within each provenance (Galinski 1989, Cornelis-
sen et al. 2003, Geber and Griffen 2003, Reich et al. 2003).
These differences in the crown mass distribution are
likely caused by intrinsic factors (which might not be
distinguished at provenance level) rather than local
competition of crowns (Rouvinen and Kuuluvainen
1997), considering spacing of trees in plantation, as
there was no significant difference in the tree height
and DBH between distinguished groups of trees (Ta-
ble 1), as shown by Rouvinen and Kuuluvainen (1997).
Crown mass distribution patterns between groups
differed significantly (Table 1, Figure 3), suggesting
different potential susceptibility to wind damage (Rud-
nicki et al. 2004, Scott and Mitchell 2005). Apparently,
trees from groups I might be less susceptible to wind
damage as higher proportion of crown mass is locat-
ed in lower parts of crown (Galinski 1989, Peltola et
al. 1999b, Mickovski et al. 2005). Trees from group IV
appear as more subjected to damage by wind due to
larger proportion of mass in higher parts of crown. This
is also supported by differences in several tree prop-
erties among the groups of trees: group I had the lower
mass point and group IV had the highest mass point,
while height of trees were similar (Table 1). Addition-
ally trees from group I had the lowest total cross-sec-
tion of branches in third quarter of crown and the
highest mean cross-section of branches in first quar-
ter of stem (Table 1) that might also decrease poten-
tial effect of wind (Peltola et al. 1999b, Rudnicki et al.
2004). This differences, however, might be explained
by the increased proportion of SP in group I compared
with remaining three groups (Table 2). The size of the
groups (number of trees) differed, suggesting that
some patterns of crown mass distribution are more
common. Group III was the largest (123 trees) (Table
1) suggesting that trees with the highest proportion
of crown mass in the second quarter were the most
common in the studied trials. Considering that group
IIT had the second highest (relatively) mass point and
the highest mass of stem and total cross-section area
of breaches in second quarter of stem, these trees
might be considered as rather susceptible to damage
by wind (Rudnicki et al. 2004, Cucchi et al. 2005, Scott
and Mitchell 2005). Group IV, which might be consid-
ered as the most subjected to damage by wind due to
higher mass point and the longest branches, was the
smallest (24 trees). Size of group I (which was con-
sidered as the less subjected to wind damage) was
intermediate (58 trees). Thus about 20% of trees had
crowns that might be less subjected to wind damage;
however, about 50% of trees (III and IV group) showed
relatively higher susceptibility to wind damage.

Height of mass point of studied LP and SP trees
was generally determined by height of the tree, but
the relative height of mass point was similar between
LP and SP and expressed rather small variation, likely
due to similar growing conditions. However, there were
several properties of trees, which might be related with
the potential damage of wind and which differed be-
tween provenances and species. Nevertheless, these
properties seemed to countervail. Mass of crown and
branches, DBH and length of crown (along plant axis)
and taper was higher for LP, while SP had lighter, thin-
ner and longer branches and lower taper. Thus there
were no clear evidence of higher susceptibility to wind
damage for LP based on crown architecture and bio-
mass in Zvirgzde. Still, irrespectively of provenance
or species, four groups of trees with different crown
mass distribution and potentially differing possibility
of wing damage (windthrow) were distinguished.
About one fifth of trees, which had the highest pro-
portion of crown mass in the lower part of crown,
could be considered as less susceptible to wind dam-
age. There were a half of studied trees, which had
higher proportion of mass located in higher parts of
crown, thus potentially having increased susceptibil-
ity to wind damage. Considering that trees with dif-
ferent crown properties were present in each prove-
nance of LP and SP, tree breeding might be applied to
decrease effect of wind damage. More detailed study
dealing also with parameters of damaged trees and
crown form (competition) is necessary to evaluate
potential effects of tree genetics on susceptibility to
wind damage that might result in recommendations for
tree breeding program.
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BBICOTA TOYKH MACCHI 1 HEKOTOPBIE CBOMCTBA KOPOH VY 26 JETHEW COCHBI
OBBIKHOBEHHOM U COCHBI CKPYUEHHOM B 3UPI'3/IE, JIATBUA

A. Sluconc, P. Maruconc, O. Kpumanc, JI. Ilypunsi, b. /I3epuns, Y. Heiimane
Pesome

OKclepUMeHTadbHbIE MIAHTAIIMH SK30THUECKUX BHUJOB M IMPOHCXOXAEHUH IePEeBbEB CO3MAIOTCS AJS MOBBINICHHUS
IPOM3BOAUTENBHOCTH HacaxIeHHH. TeM He MeHee, PUCKH, CBSI3aHHBIE C Pa3IMYHBIMU CTHXUIHBIMU OCACTBUSIMH, JOJDKHBI OBITH
OLIEHEHBI, IIPEXJe KOMMEPUECKOr0 UCIONb30BaHUS HOBBIX BUJIOB MU IPOUCXOXKJCHUN NiepeBbeB. ONHUM U3 TaKUX PHCKOB
SBISIETCSL YPOH, HAHOCUMBIN BETPOM, KOTOPBIII MOXET OBITH OTHECEH K CBOHCTBAMH KOPOHBI M (PU3MUECKOI CTAOMIBHOCTH
nepeBbeB. CkpydeHHas cocHa (Pinus contorta var. latifolia) n3 Tpex IpOUCXOXKIICHUH U coCHA OOBIKHOBEHHAS (Pinus sylvestris)
BO3pacTOM 26 JIeT U3 HKCIEPHMEHTAIbHBIX IIAHTAlMi B LeHTpanbHoi yactu JlaTBuu B 3BHpraae ObIM u3ydeHsl. Macca
BETBe#l , Macca CTBOJIa JiepeBa W MapaMeTpbl BEeTBeil OBLIM M3MEPEHBI B YETHIPEX YETBEPTAX KPOHBI JepeBa. BricoTa
MaTepHaJbHOH TOYKM HAJ3EMHOW YacTH AEPEBHEB M paclpejelieHHe O0HMoMacChl KPOHEI IepPeBbEB OBUIM ONpEeNIeHbl U
CpaBHEHBI MEX/y TpeMsI IPOUCXOXKAeHNIT cocHBI ckpydeHHoH (LP) u cocHoii o0bikHOBeHHOH (SP). Cx0nCTBO pactpeneneHus
KOPOHY OMOMAacChI OIpEeIIsUIN ¢ MTOMOIIBI0 KIACTEPHOTO aHAIHM3a M OTHOMICHHH MeXIy OHoMaccoi KOPOHY M CBOMCTBAMH
CTBOJIOB JI€PEBHEB M KOPOH OBIIM OMpEEICHBI.

BricoTa MaTepHanbHOM TOUKHM KOPpPEHpOBalia ¢ BBICOTOM JiepeBa, KoTopas Oblia 3HaUYUTENBbHO BbImIe it Summit Lake
npoucxoxaenne LP. OnHako oTHOCHTENBbHAS BRICOTA MaTepHabHas Touka Obuia moxoxka st LP u SP, konebanacs ot 31,8 1o
43,6% ot BBICOTHI nepeBa. CBOICTBA KPOHEI IEPEBLEB OTIINYAIICH MEXKIY BUIAMH; HaJa3eMHasl Onomacca OblIa BBIIIE, BETBU
JepeBbeB ObuTH JuTHHHEE U Tommie y SP. LP umenn Gonee BBICOKHE COOTHOIICHHUS MAacChl BETBEH M BHICOTHI IEPEBREB U Macca
U JUTMHA BETBH JepeBa. ToNbKO HECKOIBKO apaMeTPOB, TAKUX KaK OTHOILIEHUE MACChl BETBb U CTBOJA, BEICOTA CAMOM HU3KOH
JKUBOM BETBU J€peBa U JIUAaMETP CaMOMl TOJCTOM BETBU B NEPBBIX JIByX METPOB OTIMYAIMCh MEXIY NPOUCX0xaeHui LP.
YeTbIpe TpyMIb JepeBbeB, KOTOPBIE OBLUIH BBIICIICHBI B COOTBETCTBHH C paclpeaeleHneM OMoMacChl KpOHBI JIepeBa, COCTosIIa
U3 ICPEBBEB U3 PA3HBIX MPOUCXOKICHUH U BUIOB M HIMEJH pa3iIMIHbIC 3aKOHOMEPHOCTH pacipeseeHus 6nomaccsl. buomacca
BEpXHEH IOJIOBHHBEI KPOHBI AE€PEBHEB, AIHHA KOPOHY, W AJIMHA BETBEH AepeBa OTIMYAINCH MEXIY I'PYNIIaMHU JEPEBEEB,
KOTOpbIE OBLIH BBIZIETIECHBI B COOTBETCTBUH PACIPEIEICHIE MACChl KOPOHBI.

Kuarwuesbie ciioBa: HpOI/ICXO)KZ[eHI/Ii/’I JE€PEBLEB, CBOWCTBa KpOHBI I€PEBLEB, MAaTCpUAJIbHAsA TOYKA JICPECBLEB.
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