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Abstract

Lodgepole pine (Pinus contorta var. latifolia Dougl.) is one of the few exotic tree species that has been successfully
used in forestry in Northern Europe. Considering the increasing demand for energy wood and timber, this species could
be applied in plantation forestry in Latvia; however, knowledge about its growth dynamics in relation to environmental
factors is necessary for sustainable management. Annual height increment (HI) was measured for 297 lodgepole pine
trees from three provenances (Pink Mountain, Fort Nelson and Summit Lake) and for 135 Scots pine (Pinus sylvestris
L.) trees for the period from 1990 to 2009. Mean HI and diameter between species and provenances was compared by
ANOVA. Height-growth-climate relationships were assessed using dendrochronological methods. Chronologies of HI were
produced based on cross-dated time-series; the effects of climatic factors on yearly variation of HI were determined by
Pearson correlation analysis.

There were no significant differences in diameter between species and provenances; however, HI of Summit Lake
provenance and Scots pine was the highest. Common signatures in yearly variation of HI were observed in ~ 40 and ~60
% of lodgepole pine and Scots pine trees, respectively, suggesting effect of climatic factors. Sets of climatic factors
affecting HI differed between species and provenances. Temperature in spring, summer and precipitation in the dormant
period showed the strongest effect (positive) on HI of Pink Mountain, Fort Nelson and Summit Lake provenances,
respectively. In contrast, HI of Scots pine was sensitive to climatic factors related to water deficit in May and June of
the year preceding growth. Apparently height growth of Scots pine was more affected by conditions in the year preceding
growth than in current year, compared with lodgepole pine.
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Introduction

Lodgepole pine is native to North America, where
it is commercially important species. Its native distri-
bution area lies between the latitudes of 30 and 64°N
and vertical distribution spreads from sea level to 3900
m elevation (Wheeler and Critchfield 1985). Scots pine
is a species of pine native to Latvia. Although it has
a wide geographic range (most of moderate and sub-
arctic climate zone of Eurasia), the vertical distribu-
tion limit of this species is lower, about 1200-2600 m
a.s.l. (Farjon 2005). Both pine species have a wide
range of environmental tolerance; they can grow in
continental, maritime and subalpine conditions in var-
ious site types (habitats) including areas with very wet
or dry soils (Pfister and Daubenmire 1975). Lodgepole
pine has been introduced as an exotic species for wood

production in New Zealand (Miller and Ecroyd 1987),
Scotland (Lines 1996), Ireland (Gallagher et al. 1987),
Iceland (Sigurgeirsson 1988), Denmark (Larsen 1980)
and Fennoscandia (Routsalainen and Velling 1993,
Rosvall et al. 1998). Varieties contorta and latifolia
have been most often used in forestry due to their
faster growth; variety latifolia has been shown as
especially productive in Fennoscandia (Elfving et al.
2001). In Northern Europe, this species has been the
first to be introduced systematically on a large scale,
i.e. in Sweden extensive establishment of lodgepole
pine plantations was started around 1970 (Elfving et
al. 2001). According to results of Scandinavian exper-
iments (Routsalainen and Velling 1993, Rosvall et al.
1998), wood quality of lodgepole pine is similar to
Scots pine, grown under similar conditions (Sable et
al. 2012). Lodgepole pine has slightly lower wood
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density, lower bark proportion in stem volume, higher
proportion of heartwood and better stem form than
Scots pine (Stadhl and Persson 1988, Persson 1993). It
has been estimated to produce up to 36% more yield
irrespective of the site index, its optimum rotation
period is 10—15 years shorter and survival during in-
itial stage of stand development is higher, compared
with Scots pine (Gallagher et al. 1987, Elfving et al.
2001). However, there is also evidence that in Sweden
lodgepole pine plantations lose more biomass due to
wind and snow damage than Scots pine (Elfving and
Norgren 1993).

In Latvia, the first lodgepole pine (var. latifolia)
plantation was established in the middle of the 20th
century. In the beginning of the1980s several lodge-
pole pine provenance trials were established in cen-
tral and western part of the country (Baumanis et al.
1992). In total, there are 16 ha of experimental lodge-
pole pine plantations (register as long term forest ex-
periments) (Baumanis et al. 2006). However, before any
recommendations for wider use of this species in af-
forestation can be given, the knowledge on growth-
weather relationships of lodgepole pine in Latvian
condition is necessary. In forestry, the height growth
of trees is a crucial parameter that influences wood
quality and productivity of stand (Savill et al. 1997).
Although it has been reported that HI of pine in Fen-
noscandia is controlled by temperature in the begin-
ning of summer (Lindholm 1996, Jalkanen and Tuovin-
en 2001, Lindholm et al. 2009, Salminen et al. 2009),
climate-growth relationships may vary regionally or
even locally (Speer 2010), thus local information is
crucial. Several studies have also suggested HI as an
additional source of environmental information for
dendroclimatological studies (Jalkanen and Tuovinen
2001, McCarroll et al. 2003, Pensa et al. 2005). Howev-
er, there is still rather insufficient information about
the HI — climate relationships for pine, likely due to
laborious gathering of the data. The aim of this study
was to characterize height growth of young (~25 years)
lodgepole pine (provenances Pink Mountain, Fort
Nelson and Summit Lake) and progenies of native
Scots pine seed orchards and to determine the effect
of climatic factors on their HI.

Materials and Methods

Study area

The study area was located in central part of
Latvia, near Zvirgzde (56°41° N lat., 24°27’ E long.) (Fig-
ure 1). The relief is flat; elevation is about 30 m a.s.l.
According to data from Latvian Environment, Geolo-
gy and Meteorology Centre (LEGMC) the mean annu-
al temperature is ~ 5.5 °C, annual precipitation ranges

Figure 1. Location of sampling site (black square)

from 500 to 650 mm. January is the coldest month (mean
temperature is ~ -5 °C) and July is the warmest (mean
temperature is ~ 17 °C). Precipitation mainly exceeds
evapotranspiration; most of the precipitation falls
during summer. Length of the vegetation period (mean
diurnal temperature >5 °C) is ~ 185-190 days. The
mean annual temperature in the study period (1990-
2009) varied from 5.5 to 8.3 °C, the mean temperature
of the growing season varied from 13.8 to 16.6 °C, the
mean winter temperature varied from -7.4 to 0.4 °C.
Annual precipitation varied from 483 to 716 mm, the
amount of precipitation in the growing season — from
203 to 412 mm.

The sampling site was provenance trials of lodge-
pole pine and Scots pine located directly besides it;
both trials were planted in 1985 by two years old bare
rooted seedlings in Vacciniosa forest type (according
to classification by Buss (1976)). Initial spacing of trees
in both trails was 2x1m (5,000 trees per ha), no thin-
ning was made prior to sampling. The trial consisted
of three provenances (Pink Mountain (57°00° N, 122°15°
W), Fort Nelson (58°38” N, 122°41° W) and Summit Lake
(54°24° N, 122°37” W)) of lodgepole pine, each repre-
sented by 5 open-pollinated families, planted in 60 tree
block plots and randomly distributed in 4 replications
and open-pollinated progenies of local Scots pine (con-
trol) from the first generation seed orchards, planted
in 50 or 100 tree block-plots and randomly distributed
in 5 replications.

Sampling

Trees were sampled in autumn 2009; in total, 287
living lodgepole pine and 135 Scots pine trees, repre-
senting height and diameter variability of the planta-
tion, were selected based on trial inventory. For meas-
urements of HI, selected trees were felled; cutting was
done maximally close to stem base. HI was measured
as the distance on the stem between branch whorls
(arbitrarily determined middle points of whorl, as all
branches were not the same diameter and not at the

N 2013, Vol. 19, No. 2 (37) I 1SN 2029-9230 [

237



BALTIC FORESTRY

I RELATIONSHIPS OF HEIGHT GROWTH OF LODGEPOLE PINE /.../ AND SCOTS PINE /.../ Il A. JANSONS ET AL N

same height). Although for lodgepole pine it might be
difficult to distinguish between true branch whorls and
internodal branches, during measuring of HI special
attention was paid to correct identification of true
branch whorls. Measurements of HI were done begin-
ning from the top of the tree downwards for easier
recognition of true whorls.

Climatic data

Climate data were obtained from LEGMC for Riga
meteorological station, which is located approximate-
ly 35 km from study area. Climate data (the mean tem-
perature and precipitation sums for months, growing
season, calendar year, and periods from May to Sep-
tember, from July to September and from December to
February) for current growing season (from October
of previous year (t-1) to September of current year (t))
and previous growing season (from October of year
(t-2) to September of year (t-1)) were used. Addition-
ally, data on monthly minimum and maximum tempera-
ture and number of days with precipitation for months
were obtained from Climatic Research Unit for the point
located approximately 20 km from the study area
(Mitchell and Jones 2005).

Data analysis

HI measurements for period from 1990 to 2009 were
used; HI measurements prior 1990 (up to 6 first years)
were not analysed to minimize establishment-related
effects in HI series (Salminen and Jalkanen 2005).
Equality of the variance of diameter (obtained from
inventory database) and height (sum of HI) between
provenances and control of Scots pine were assessed
by Levene’s test (Sokal and Rohlf 1995). The mean
diameter and mean height between provenances of
lodgepole pine and control (Scots pine) was compared
with one-way ANOVA and Tukey HSD test (Sokal and
Rohlf 1995). The proportion of variance of tree height
explained by provenance including control was calcu-
lated as the division of sum of squares of factor “prov-
enance” and the total sum of squares of dataset (Sokal
and Rohlf 1995).

For the assessment of climate-height-growth rela-
tionships, measurement quality of HI was ensured by
the cross-dating using programme COFECHA (Grissi-
no-Mayer 2001) and by the graphical inspection of time-
series. Residual chronology of HI for each provenance
and control was established using programme ARSTAN
(Cook and Holmes 1986). Single detrending by the cu-
bic spline with a wavelength of five years and 50 % cut-
off level was used. Autoregressive modelling was ap-
plied to remove autocorrelation from high-frequency
variation of HI. Statistics of pooled datasets and chro-
nologies (mean sensitivity, inter-series correlation and

mean autocorrelation (first order)) were calculated us-
ing program COFECHA (Grissino-Mayer 2001); ex-
pressed population signal (EPS) (Wigley et al. 1984) and
Gleichlaufigkeit (GLK) indices were calculated in pro-
gram R (R Core Team 2012) using library dplR (Bunn
2008). Significance of autocorrelation was determined
by Student criteria (Sokal and Rohlf 1995). The effects
of climatic factors on HI were assessed by Pearson
correlation analysis between residual chronologies of
HI produced by ARSTAN and climatic factors using
program R (R Core Team 2012). Considering high number
of tested climatic factors, p-values of correlation coef-
ficients were not adjusted (Moran 2003).

Results

Studied provenances of lodgepole pine showed
similar ranges of the stem diameter and height varia-
tion; however, the range of height variation was high-
er for Scots pine (Figure 2). Range of HI was slightly
higher for Summit Lake provenance (Table 1). Variance
of the diameter and height among lodgepole pine prov-
enances and Scots pine was equal (p-value > 0.05). The
mean diameter did not significantly differ between prov-
enances of lodgepole pine and Scots pine (p-value >
0.05) (Table 2). The mean height was significantly higher
for Summit Lake provenance and Scots pine compared
with Pink Mountain and Fort Nelson provenances (p-
value <0.01) (Figure 2); however, the proportion of var-
iation of height explained by provenance and control
of studied trees was rather low, about 8 %.

Cross-dating and quality checking of HI times-se-
ries have shown that only 52, 38 and 37% of measure-

Diameter (cm)
Y]
1

Height (m)

Fort Nelson  Pink Mountain Summit Lake Scots pine

Figure 2. Mean stem diameter at breast height (cm) and
height (m) (height increment for period from 1990 to 2009)
of Scots pine and of three provenances (Pink Mountain, Fort

Nelson and Summit Lake) of lodgepole pine

I 2013, Vol. 19, No. 2 (37) I (SSN 2029-9230

238



BALTIC FORESTRY

I RELATIONSHIPS OF HEIGHT GROWTH OF LODGEPOLE PINE /.../ AND SCOTS PINE /.../ Il A. JANSONS ET AL I

Table 1. Number of sampled trees, range and mean values
annual height increment (for period from 1990 to 2009) and
description of data used for establishment of height incre-
ment chronologies — number of suitable trees, mean inter-
series correlation, sensitivity, autocorrelation, EPS and
Gleichlaufigkeit index of pooled data of Scots pine and of
three provenances (Pink Mountain, Fort Nelson and Sum-
mit Lake) of lodgepole pine

Lodgepole pine provenance

Scots
Pink Fort ~ Summit  pine
Mountain Nelson Lake

Measurements
Total number of sampled
trees 91 97 99 135
Annual height increment
(cm)
Min 6 7 3 10
Max 115 98 136 134
Mean 46.17 46.05 4995 4890
Height increment
chronologies
Number of crossdated trees
(time-series) a7 38 39 86
Mean interseries correlation 04 0.44 0.41 0.69
Mean sensitivity 0.25 0.25 0.26 0.19
Mean autocorrelation (AC) 0.13 0.14 0.22 0.66
EPS 0.89 0.87 0.89 0.98
Mean Gleichldufigkeit (GLK) 0.53 0.53 0.54 0.63

Table 2. The effect of provenance (Pink Moun-
tain, Fort Nelson and Summit Lake) on stem di-
ameter at breast height and tree height (sum of HI
for 1990-2009) of lodgepole pine (ANOVA)

Stem diameter at breast height

Sum of Mean .
Df Squares Squares F-value Sig.
Provenance 3 535 178.4 0.32 0.81
Residuals 418 232476  612556.8
Tree height (sum of HI for 1990-2009)
Sum of Mean .
Df Squares Squares F-value Sig.
Provenance 3 482367 160789 12.17  <0.01
Residuals 418 5522104 13211

ment series for provenances Pink Mountain, Fort Nel-
son and Summit Lake, respectively, expressed common
signatures and were suitable for developing of HI chro-
nologies (Table 1). In this regard, HI of Scots pine has
shown stronger common signatures, and 62% of trees
were selected for developing of chronology. There was
no significant difference in the mean diameter and height
between datasets of all measured trees and datasets
selected for construction of chronologies for each prov-
enance of lodgepole pine and Scots pine. The selected
datasets showed rather high sensitivity and the EPS
values were above 0.85. The mean autocorrelation (first
order) of lodgepole pine HI time-series was low (=< 0.22)

and insignificant (at = 0.05), mean GLK indices and
inter-series correlation were about 0.53 and 0.42, respec-
tively. Autocorrelation in HI of Scots pine was higher
(0.66) and significant (at & = 0.05) and the mean sen-
sitivity was lower (0.19); however, GLK (0.63) and in-
terseries correlation (0.69) was higher compared to
lodgepole pine. The index values of HI chronologies
(Figure 3) ranged from 0.91 to 1.10; some common sig-
natures might be spotted among chronologies in 1997,
2000, 2006 and 2007; however, they were hardly com-
mon for all four of the chronologies.
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Figure 3. Residual chronologies of annual height increment
of Scots pine and of three provenances of lodgepole pine
(Pink Mountain, Fort Nelson and Summit Lake) for period
from 1991 to 2009

From tested 142 climatic factors, 22 factors have
shown the significant correlations with HI chronolo-
gies of lodgepole pine provenances and Scots pine
(Table 3). The sets of climatic factors have shown the
significant correlations with HI differed among prov-
enances of lodgepole pine and Scots pine. Generally,
climatic factors of current growing season showed
highest correlation coefficients (|| = 0.50) for lodge-
pole pine; climatic factors of previous growing sea-
son expressed the significant correlations with HI of
Scots pine. HI of Pink Mountain provenance showed
the highest correlations with mean, minimum and max-
imum temperature in May (positive) and the number
of days with precipitation in May and June (negative).
The mean and maximum temperature in July and April
precipitation expressed the highest positive correla-
tions with HI of Fort Nelson provenance, while the
maximum temperature in April showed negative corre-
lation. HI of Summit Lake provenance generally cor-
related with precipitation sums in the dormant period
(November and February); however, there was also the
significant positive correlation with May temperature.
HI of Scots pine was sensitive to climatic factors (tem-
perature in May and precipitation in June) of previ-
ous year.
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Table 3. Significant Pearson correlation coefficients (r) (in
Bold) between residual chronologies (for period from 1991
to 2009) of height increment of Scots pine and of three prov-
enances of lodgepole pine (Pink Mountain, Fort Nelson and
Summit Lake) and climatic factors: mean, maximum and min-
imum temperature, precipitation sums and number of days
with precipitation for months for current growing season
from October of year (t-1) to September of year (t) and
previous growing season from October of year (t-2) to Sep-
tember of year (t-1) (significance level, p-values: * < 0.05,
*¥* < 0.01)

Pink Fort Summit  Scots

Mountain Nelson Lake pine
Temperature
Apr, maximum -0.06 -0.56" -0.38 -0.26
May, mean 0.66* 0.22 0.49* -0.11
May, maximum 0.67* 0.1 0.26 -0.17
May, minimum 0.53* 0.01 0.41 0.05
Jul, mean -0.11 0.63** 0.12 -0.03
Jul, maximum -0.08 0.59** 0.02 0.06
May-Sep, mean 0.13 0.56* 0.23 0.22
Jul-Sep, mean -0.24 0.49* 0.12 0.14
Previous May, mean -0.2 0.15 0.1 -0.55*
Previous May, maximum -0.22 0.12 -0.01 -0.56*
Previous Aug, minimum 0.06 -0.02 0.15 0.46*
Precipitation
Nov, sum 0.27 0.1 0.64** 0.2
Feb, sum 0.46* 0.05 0.54* 0.04
Apr, sum 0.02 0.63** 0.09 0.05
May, days with prec. -0.51* 0.03 -0.07 0.05
Jun, days with prec. -0.5* -0.45 0.13 0.12
Sep, days with prec. 0.48* 0.17 0.01 -0.32
Previous Apr, sum 0.24 -0.19 0.51* -0.25
Previous Apr, days with
prec. 0.07 -0.5 0.06 -0.11
Previous May, sum 0.44 0.21 0.1 0.51*
Previous Jun, days with
prec. -0.15 0.3 -0.11 0.64**
Previous Sep, sum 0.35 0.46* 0.22 0.28

Discussion and conclusions

Provenance experiments are usually established for
selection of trees showing higher yields in novel en-
vironments. Besides susceptibility to environmental
hazards, dimensions of timber (stem diameter and
height) are crucial parameters for description of wood
production (Savill et al. 1997). Stem diameter, which is
one of parameters in estimation of timber yields (Husch
et al. 2002), did not differ significantly between Scots
pine and three studied provenances of lodgepole pine
(Figure 2). However, Summit Lake provenance showed
significantly larger HI, implying higher stem volume
increment and wood production compared with other
two studied provenances. This was also evident in the
same experiment in 1992 (Baumanis et al. 1992). In this
respect, Summit Lake provenance appears to be the

most suitable for plantation on sandy soils in Latvia.
Faster height growth may also results in better qual-
ity of timber due to lower branchiness of logs (Houl-
lier et al. 1995). However, HI of Summit Lake prove-
nance was only slightly higher compared with local
Scots pine (Figure 2) in contrast to Scandinavian find-
ings in high northern latitudes (Routsalainen and Vel-
ling 1993, Rosvall et al. 1998).

For the analysis of relationships between climatic
factors and HI data, quality check and cross-dating of
measurements was done to ensure yearly resolution of
measurements (Fritts 1976, Speer 2010). Measurement
cross-dating and quality checking showed that rather
high proportion of measurement time-series (from 48 to
63 % of trees for Pink Mountain and Summit Lake prov-
enances, respectively and 38% for Scots pine) exhibit-
ed individual patterns of yearly variation. As climate is
a large-scale environmental factor that causes large-scale
signatures in tree growth (Kelly et al. 2002), the indi-
viduality in yearly variation of HI most likely was
caused by effect of local factors, i.e. competition or
microclimate (Drobyshev and Nihlgard 2000, Speer 2010).
This was expected as both pine species in Latvia are
located approximately in the middle part of their latitu-
dinal distribution (Wheeler and Critchfield 1985, Farjon
2005), where climate is not considered as the main (strict)
limiting factor for tree growth (Fritts 1976, Speer 2010).
Therefore, it appears that present climatic conditions
are suitable for these trees. However, Scots pine and
Pink Mountain provenance showed the lowest propor-
tion of trees with individuality in height growth that
suggests more expressed effect of limiting factor on HI.
Alternatively, the high proportions of trees showing low
similarity of height growth might also be explained by
difficulties in measuring of HI, as lodgepole pine can
produce several whorls during one growing season
(Maurin$ and Zvirgzds 2006). Also it was difficult to
identify possible measurement inaccuracies during
cross-dating due to short time-series of HI measure-
ments (20 years). Series with low agreement were pref-
erably omitted from further analysis than corrected.
Nevertheless there were from 37 to 52 % of trees for
Summit Lake and Pink Mountain provenances, respec-
tively, and 62 % of Scots pine trees which showed
common signatures of the height growth. Although GLK
and inter-series correlation indices for lodgepole pine
were about 0.53 and 0.42, respectively, the EPS values
exceeded 0.85 (Table 1), suggesting that the datasets
contain a common environmental signal (Wigley et al.
1984). The agreement between time-series of HI for Scots
pine was higher (Table 1), suggesting that limiting fac-
tors are more expressed (Speer 2010). The established
HI chronologies (Figure 3) showed several common
signatures but most of them were expressed in two or
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three of the established chronologies, suggesting that
sets of environmental (climatic) factors which affect HI
differ between the provenances and control.

Several climatic factors showed a significant ef-
fect (significant correlations) on yearly variation of HI
of Scots pine and the studied provenances of lodge-
pole pine (Table 3). HI of Pink Mountain provenance
was sensitive to weather (climatic) conditions in
spring, as shown by significant correlations with tem-
perature and precipitation in May. Considering local
phenology, the onset of shoot elongation of pines in
Latvia occurs in mid-April, (Chuine et al. 2001, Fedork-
ov 2010, Jansons et al. 2011); however, the highest
intensity of height growth is observed in the end of
May (Jansons et al. 2011). A low temperature at that
time can impede division and specialization of cambium
and meristem cells (Pallardy 2008), thus decreasing
growth. Additionally, rainy May in Latvia is usually
cloudy and cool (LEGMC) that explain the negative
correlation with number of days with precipitation
(Table 3). Correlations with climatic factors after July
of the current year most likely are coincidental as the
height growth should have stopped by the end of July
(Fedorkov 2010, Jansons et al. 2011). Height growth
of Fort Nelson provenance showed positive correla-
tion with summer temperature suggesting that it might
favour warmer climate. Apparently in warmer years
photosynthesis can be facilitated for the provenanc-
es from continental regions (Baumanis et al. 1992) re-
sulting in faster growth (Medlyn et al. 2002, Pallardy
2008). Negative correlation with April temperature (Ta-
ble 3) could be explained by the increase in frost sus-
ceptibility, if onset of growth occurs earlier in response
to raised temperature (Gu et al. 2008). The growth of
lodgepole pine has been linked with drought (Krajina
1969, Lloyd et al. 1990); a positive correlation with April
precipitation (Table 3) suggests that the water availa-
bility is significant for HI of Summit Lake provenance
in the beginning of growing period. As at the north-
ern latitudes temperature in the dormant period and
summer is considered as the main factor limiting tree
growth (Mikinen et al. 2003, Elferts 2008, Lindholm et
al. 2009, Lo et al. 2010.), a sensitivity of HI of lodge-
pole pine to precipitation in the dormant period (Ta-
ble 3) is quite difficult to explain. Increased precipita-
tion in November can increase the soil water content
during winter, altering fine root dynamics and water up-
take in spring (Kramer 1951, Steudle 2000, Simard et al.
2007). Precipitation in February is usually in the form
of snow (LEGMC); snow layer acts as an insulator af-
fecting soil freeze (Hardy et al. 2001) that has been
linked with dynamics of fine roots (Tierney et al. 2001).

HI of Scots pine was sensitive to weather condi-
tions in year preceding growth (Table 3) as observed

in Finland (Lindholm 1996, Jalkanen and Tuovinen
2001, Lindholm et al. 2009). The largest part of HI forms
in the beginning of vegetation period (Jansons et al.
2011) and this process is depending on growth initials
(Lanner 1976) and stored reserves (Pallardy 2008), thus
explaining the effect of weather conditions of the year
preceding growth. The negative effect of temperature
in May and the positive effect of precipitation in May
and June suggests that HI of Scots pine is limited by
water deficit, similarly as observed in arid regions
(Oberhuber et al. 1998, Martin-Benito et al. 2008).
Among the studied provenances of lodgepole
pine, only Summit Lake showed slightly faster height
growth compared with local Scots pine, thus suggest-
ing this provenance as most suitable for afforestation
on nutrient poor soils (Vacciniosa forest type). How-
ever, the different sets of significant climatic factors
observed among provenances of lodgepole pine sug-
gest that they might be suitable for variable climatic
conditions. Pink Mountain provenance, which showed
the highest sensitivity to temperature in spring (May),
might be more suitable for regions with milder climate.
Apparently Forth Nelson provenance favours regions
with warmer summers as HI showed the highest sen-
sitivity to temperature in summer, particularly in July.
Although Summit Lake provenance showed the high-
est HI, sensitivity of HI to precipitation factors sug-
gest that it might be better suited for moister growing
conditions. Height growth of Scots pine was sensi-
tive to water deficit in preceding summer, suggesting
that Scots pine is more suitable for the regions where
drought conditions occur rarely. Additionally common
signatures in HI were weaker and the proportion of
trees showing them was lower for lodgepole pine than
for Scots pine (~ 40 and ~ 60 % of trees, respective-
ly), suggesting weaker limitation of HI of lodgepole
by climatic factors. However, more detailed study fo-
cusing on local and regional differences in climate-
height-growth relationship should be conducted be-
fore any stricter recommendations could be given.

Acknowledgements

This study was part of European Social Fund's
project “Importance of Genetic Factors on Formation
of Forest Stands with High Adaptability and Quali-
tative Wood Properties”, 2009/0200/1DP/1.1.1.2.0/
09/APIA/VIAA/146. Comments of anonymous review-
er much helped to improve quality of the manuscript.
Climate data for Riga meteorological station was pro-
vided by Latvian Environment, Geology and Meteor-
ology Centre. We also acknowledge Didzis Elferts for
help with climate data arrangements.

N 2013, Vol. 19, No. 2 (37) I 1SN 2029-9230 [

23



BALTIC FORESTRY

I RELATIONSHIPS OF HEIGHT GROWTH OF LODGEPOLE PINE /.../ AND SCOTS PINE /.../ Il A. JANSONS ET AL N

References

Baumanis, I., Birgelis, J. and Paegle, M. 1992. Klinskalnu
priede (Pinus contorta Dougl. var. latifolia Engelm.) un
tas introdukcijas perspektivas Latvija. [How promising for
Latvia is lodgepole pine (Pinus contorta Dougl. var. lat-
ifolia Engelm.]. Mezzindtne 1: 4-14, (in Latvian).

Baumanis, 1., Jansons, A. and Gaile, A. 2006. Ilglaicigo
zinatnisko pétijjumu objektu inventarizacija un datu bazes
izveide [Inventorying and creating a database for long-
term trial plots in forest research]. Mezzindtne 16: 102—
112 (in Latvian).

Bunn, A.G. 2008. A dendrochronology program library in R
(dpIR). Dendrochronologia 26: 115-124.

Buss, K. 1976. Latvijas PSR mezu klasifikacijas pamati [Ba-
sis of Forest classification in SSR o Latvia]. LRZTIPI,
Riga, 24 pp (in Latvian).

Chuine, I., Aitken S.N. and Ying, C.C. 2001. Tempera-
ture thresholds of shoot elongation in provenances of
Pinus contorta. Canadian Journal of Forest Research 31:
1444-1455.

Cook, E.R. and Holmes, R.L. 1986. Guide for computer
program ARSTAN. In: R.L. Holmes, R.K. Adams and H.C.
Fritts (Editors), Tree-ring chronologies of Western North
America: California, eastern Oregon and northern Great
Basin. University of Arizona, Tucson, p. 50-65.

Drobyshev, I. and Nihlgard, B. 2000. Growth response of
spruce saplings in relation to climatic conditions along a
gradient of gap size. Canadian Journal of Forest Research
30: 930-938.

Elferts, D. 2008. Klimatisko faktoru ietekme uz parastas
priedes Pinus sylvestris L. radialo augSanu Latvijas rietu-
mu dalas sausienu mezos [The impact of climatic factors
on the radial growth of Pinus sylvestris on dry mineral
soils in the western part of Latvia]. PhD thesis, Univer-
sity of Latvia, Riga, 106 pp (in Latvian).

Elfving, B. and Norgren, O. 1993. Volume yield superiority
of lodgepole pine compared to Scots pine in Sweden. Proc.
IUFRO meeting and Frans Kempe Symposium 1992 on
Pinus contorta provenances and breeding, 1992: 69-80.

Elfving, B., Ericsson, T. and Rosvall, O. 2001. The intro-
duction of lodgepole pine for wood production in Sweden—
a review. Forest Ecology and Management 141: 15-29.

Farjon, A. 2005. Pines: drawings and descriptions of the ge-
nus Pinus. BRILL, New York, 235 pp.

Fedorkov, A. 2010. Variation in shoot elongation patterns in
Pinus contorta and Pinus sylvestris in north-west Russia.
Scandinavian Journal of Forest Research 25: 208-212.

Fritts, H.C. 1976. Tree Rings and Climate. Academic Press,
London, 567 pp.

Gallagher, G.J., Lynch, T.J. and Fitzsimons, B. 1987.
Lodgepole pine in the Republic of Ireland II. Yield and
management of coastal lodgepole pine. Forest Ecology
and Management 22: 185-203.

Grissino-Mayer, H.D. 2001. Evaluating crossdating accura-
cy: a manual and tutorial for the computer program
COFECHA. Tree-Ring Research 57: 205-221.

Gu, L., Hanson, P.J., Post, W.M., Kaiser, D.P., Yang, B.,
Enami, R., Pallardy, S.G. and Meyers, T. 2008. The
2007 Eastern US spring freeze: Increased cold damage in
a warming world? BioScience 58: 253-262.

Hardy, J.P., Groffman, P.M., Fitzhugen, R.D., Henry, K.S.,
Welman, A.T., Demers, J.D., Fahey, T.J., Driscoll,
C.T., Tierney, G.L. and Nolan, S. 2001. Snow depth
manipulation and its influence on soil frost and water
dynamics in a northern hardwood forest. Biogeochemis-
try 56: 151-174.

Houllier, F., Leban, J.M. and Colin, F. 1995. Linking
growth modelling to timber quality assessment for Nor-
way spruce. Forest Ecology and Management 74: 91—
102.

Husch, B., Beers, T.W. and Kershaw, J.A. 2002. Forest
mensuration. Whiley & Sons, Hoboken, 465 pp.
Jalkanen, R. and Tuovinen, M. 2001. Annual needle pro-
duction and height growth: better climate predictors than
radial growth at treeline? Dendrochronologia 19: 39-44.

Jansons, A., Kri$ans, O. and Jansons, J. 2011. Parastas
priedes (Pinus sylvestris L.) augstuma pieauguma vei-
doSanas sezonala dinamika [Seasonal height growth dy-
namics of Scots pine (Pinus sylvestris L.)]. Mezzindtne
23: 15-24 (in Latvian).

Kelly, P.M., Leuschner, H.H., Briffa, K.R. and Harris,
I.C. 2002. The climatic interpretation of pan-European
signature years in oak ring-width series. The Holocene
12: 689-694.

Krajina, V.J. 1969. Ecology of forest trees in British Co-
lumbia. Ecology of Western North America 2: 1-146.

Kramer, P.J. 1951. Causes of injury to plants resulting from
flooding of the soil. Plant Physiology 26: 722-736.

Lanner, R.M. 1976. Patterns of shoot development in Pinus
and their relationship to growth potential. In: M.G.R.
Cannell and F.T. Last (Editors), Tree Physiology and Yield
Improvement. Academic press, London, pp. 223-243.

Larsen, J.B. 1980. Older provenance trials with Pinus con-
torta in Denmark. In: Pinus contorta as an Exotic Spe-
cies, Proc. IUFRO meeting 1980 on Pinus contorta prov-
enances in Norway and Sweden, 1980: 45-58.

Lindholm, M. 1996. Reconstruction of past climate from
ring-width chronologies of Scots pine (Pinus sylvestris L.)
at the northern limit in Fennoscandia. University of Joen-
suu, Publications in Sciences 40, p. 169.

Lindholm, M., Ogurtsov, M., Aalto, T., Jalkanen, R. and
Salminen, H. 2009. A summer temperature proxy from
height increment of Scots pine since 1561 at the north-
ern timberline in Fennoscandia. The Holocene 19: 1131—
1138.

Lines, R. 1996. Experiments on lodgepole pine seed origins
in Britain. Technical paper 10. Forestry Commission,
Edinburgh, 141 pp.

Lloyd, D., Angove, K., Hope, G. and Thompson, C.B. 1990.
A guide to site identification and interpretation for the
Kamloops Forest Region. BC Ministry of Forests, Victo-
ria, 339 pp.

Lo, Y.H., Blanco, J.A., Seely, B., Welham, C. and Kim-
mins, J.P. 2010. Relationships between climate and tree
radial growth in interior British Columbia, Canada. For-
est Ecology and Management 259: 932-942.

Miikinen, H., Nojd, P., Kahle, H.P., Neumann, U., Tveite,
B., Mielikiiinen, K., Ro&hle, H. and Spiecker, H.
2003. Large-scale climatic variability and radial incre-
ment variation of Picea abies (L.) Karst. in central and
northern Europe. Trees 17: 173-184.

Martin-Benito, D., Cherubini, P., del Rio, M. and Canel-
las, I. 2008. Growth response to climate and drought in
Pinus nigra Arn. trees of different crown classes. Trees
22: 363-373.

Maurins, A. and Zvirgzds, A. 2006. Dendrologija [Dendrol-
ogy]. Latvijas Universitates apgads, Riga, 452 pp (in
Latvian).

McCarroll, D., Jalkanen, R., Hicks, S., Tuovinen, M.,
Gagen, M., Pawellek, F., Eckstein, D., Schmitt, U.,
Autio, J. and Heikkinen, O. 2003. Multiproxy den-
droclimatology: a pilot study in northern Finland. The
Holocene 13: 829-838.

I 2013, Vol. 19, No. 2 (37) I (SSN 2029-9230 [

242



BALTIC FORESTRY

I RELATIONSHIPS OF HEIGHT GROWTH OF LODGEPOLE PINE /.../ AND SCOTS PINE /.../ Il A. JANSONS ET AL I

Medlyn, B.E., Loustau, D. and Delzon, S. 2002. Tempera-
ture response of parameters of a biochemically based
model of photosynthesis. 1. Seasonal changes in mature
maritime pine (Pinus pinaster Ait.). Plant, Cell and En-
vironment 25: 1155-1165.

Miller, J.T. and Ecroyd, C.E. 1987. Introduced forest trees
in New Zealand: recognition, role and seed source. Pinus
contorta Louden — contorta pine. New Zealand Forest
Research Institute Bulletin 124(2): 11-12.

Mitchell, T.D. and Jones, P.D. 2005. An improved method
of constructing a database of monthly climate observa-
tions and associated high-resolution grids. International
Journal of Climatology 25: 693-712.

Moran, M.D. 2003. Arguments for rejecting the sequential
Bonferroni test in ecological studies. Oikos 100: 403-405.

Oberhuber, W., Stumboéock, M. and Kofler, W. 1998. Cli-
mate-tree-growth relationships of Scots pine stands (Pi-
nus sylvestris L.) exposed to soil dryness. Trees 13: 19—
27.

Pallardy, S.G. 2008. Physiology of woody plants, third ed.
Elsevier, London, 464 pp.

Pensa, M., Salminen, H. and Jalkanen, R. 2005. A 250-
year-long height-increment chronology for Pinus sylves-
tris at the northern coniferous timberline: A novel tool
for reconstructing past summer temperatures? Dendro-
chronologia 22: 75-81.

Persson, A. 1993. Wood properties of Pinus contorta. Proc.
IUFRO meeting and Frans Kempe Symposium 1992 on
Pinus contorta provenances and breeding., 1992: 38-59.

Pfister, R.D. and Daubenmire, R. 1975. Ecology of Lodge-
pole pine, Pinus contorta Dougl. In: D.M. Baumgartner
(Editor), Management of Lodgepole pine ecosystems.
Washington State University, Pullman, p. 27-46.

R Core Team 2012. R: A language and environment for statis-
tical computing. R Foundation for Statistical Computing,
Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-
project.org/.

Rosvall, O., Andersson, B. and Ericsson, T. 1998. Species-
specific guidelines for choosing forest regeneration ma-
terial for northern Sweden. Forestry Research Institute
of Sweden, Uppsala, 66 pp.

Routsalainen, S. and Velling, P. 1993. Pinus contorta in
northern Finland—first 20 years. Proc. IUFRO meeting
and Frans Kempe Symposium 1992 on Pinus contorta
provenances and breeding, 1992: 122-136.

Sable, 1., Grinfelds, U., Jansons, A., Vikele, L., Irbe, I.,
Verovkins, A. and Treimanis, A. 2012. Comparison of
the properties of wood and pulp fibbers from lodgepole
pine (Pinus contorta) and Scots pine (Pinus sylvestris).
BioResources 7: 1771-1783 .

Salminen, H. and Jalkanen, R. 2005. Modelling the effect
of temperature on height increment of Scots pine at high
latitudes. Silva Fennica 39: 497-508.

Salminen, H., Jalkanen, R. and Lindholm, M. 2009. Sum-
mer temperature affects the ratio of radial and height
growth of Scots pine in Northern Finland. Annals of
Forest Science 66: N810.

Savill, P., Evans, J., Auclair, D. and Falck, J. 1997. Plan-
tation silviculture in Europe. Oxford University Press,
New York, 309 pp.

Sigurgeirsson, A. 1988. Stafafura | Kslandi. Voxtur, jstand
og moguleikar [Pinus contorta Dougl. in Iceland: growth,
condition and potential]. [rsriti skogriktarfélags Islands,
1988: 3-36 (In Icelandic).

Simard, M., Lecomte, N., Bergeron, Y., Bernier, P. and
Pare, D. 2007. Forest productivity decline caused by
successional paludification of boreal soils. Ecological
Applications 17: 1619-1637.

Sokal, R.R. and Rohlf, F.J. 1995. Biometry, third ed. Free-
man and Company, New York, 887 pp.

Speer, J.H. 2010. Fundamentals of tree-ring research. Uni-
versity of Arizona Press, Tucson, 333 pp.

Stiahl, E.G. and Persson, A. 1988. Wood quality and volume
production in four 24-year-old provenance trials with
Pinus contorta. Studia Forestalia Suecica 179: 1-20.

Steudle, E. 2000. Water uptake by plant roots: an integra-
tion of views. Plant and Soil 226: 45-56.

Tierney, G.L., Fahey, T.J., Groffman, P.M., Hardy, J.P.,
Fitzhugh, R.D. and Driscoll, C.T. 2001. Soil freezing
alters fine root dynamics in a northern hardwood forest.
Biogeochemistry 56: 175-190.

Wheeler, N.C. and Critchfield, W.B. 1985. The distribu-
tion and botanical characteristics of lodgepole pine: bio-
geographical and management implications. In: Baum-
gartner et al. (Editors), Lodgepole pine, the species and
its management. Washington State University, Pullman,
p. 1-13.

Wigley, T.M.L., Briffa, K.R. and Jones, P.D. 1984. On the
average value of correlated time series, with applications
in dendroclimatology and hydrometeorology. Journal of
Climate and Applied Meteorology 23: 201-213.

Received 26 March 2013
Accepted 28 November 2013

N 2013, Vol. 19, No. 2 (37) I 1SN 2029-9230 [

243



BALTIC FORESTRY
I RELATIONSHIPS OF HEIGHT GROWTH OF LODGEPOLE PINE /.../ AND SCOTS PINE /.../ I A. JANSONS ET AL I

OTHOIIEHUSA NPAPOCTA B BbICOThI Y CKPYYEHHOM COCHBI (PINUS CONTORTA
VAR. LATIFOLIA) U Y COCHBbI OBBIKHOBEHHOW (PINUS SYLVESTRIS) C
KIMMATUYECKUMU ®AKTOPAMU B 3BUPI'3JIE, JIATBUS

A. Suconc, P. Matuconc, 3. JIluouere-3aaure, 3. bagepc u P. Puekcrc-PuexkcTuHbI
Pestome

CkpydeHHas IUPOKOXBOITHOS cocHa (Pinus contorta var. latifolia Dougl.) sBiseTcss OTHUM U3 HEMHOTUX K30THYECKHAX
MOPOJ AePEBBEB, KOTOPhIE OBLTH YCIICIIHO MCIIOIB30BaHbI B JeCHOM Xo3saicTBe B CeBepHOi EBpone. YuuteiBas pacTyumid
CIIPOC Ha SHEPTHUI0 Ha 0a3e IPEBECUHBI U JIECOMATEPUAIBI, 3TOT BU MOXKET ObITh IPUMEHEH B 00J1aCTH JiecoBoJicTBa B JIaTBuH,
OJIHAKO 3HaHMsA O JUHAMHKE pOCTa B ee CBA3HM ¢ (akTopaMM OKpYyXKarolled cpeisl HeoOXoAHMMa Uil yCTOHYHBOTO
HCIIOJIb30BAHUA 3TOro BHJA. EsxeronHsiil mpupoct BbICOTHI 3a nepuox ¢ 1990 nmo 2009 rox u auameTpoM Ha BeICOTE TPyAU
ObUTH M3MepeHBl Ui 297 CKpYYCHHOW HMIMPOKOXBOWHOW COCHBI M3 Tpex obmactedd mpoucxoxkaenue (Pink Mountain, Fort
Nelson u Summit Lake) u mns 135 nepeBbeB cOCHbI OOBIKHOBEHHOW. J[HaMeTp M BBICOTA JCPEBbHEB M3 Pa3HBIX BHIOB U
obiacTeil TPOUCX0XKACHNS ObIIIN CPABHEHBI C OMOIIBIO AUCIEPCHOHHOTO aHan3a. s aHann3a BIUSHUS KIMMAaTa Ha IPUPOCT
B BBICOTY, XPOHOJIOTHH OBUIM CO3JaHBI HA OCHOBE IPOBEPEHBI CEpUU M3MepeHUi. BimsHne ximMaTHdecknx (pakTopoB Ha
HPUPOCT B BEICOTY OBLIO ONPEAENICHO Ha OCHOBE aHANN3a Koppemsiuu Ilupcona.

Pa3nuuns B quamMeTpe MexXLy AepeBbEB U3 Pa3HBIX 00JIaCTel MPOUCXOXKACHHS U BUAOB ObIIM He3HAYUTEIbHBIMHU, OTHAKO
MPUPOCT B BBICOTY Y IEPEBBEB C MpoHCXOkIeHHEM n3 Summit Lake u cocHbl 00bIKHOBEHHOH ObLT BhIIIe. OOIINE YePTH B
M3MEHEHUHU €XKEr0JJHOTO MPUPOCT B BBICOTY HaOmonanuck B ~ 40% n ~ 60 % 1epeBbeB CKPy4EHHOH 1 OOBIKHOBEHHOH COCHBI,
COOTBETCTBEHHO, IIPEII0JIarasi, BIUsHUE KIMMaTHIeCKUX (akTopoB. TeM He MeHee, KIIMMaTuieckne (pakTopbl, 3HAUUMBIE [UIS
HIPUPOCT B BBICOTY, OTJIMYAINCH MEXKAY JEPEBHEB M3 Pa3sHBIX 00JIACTEH NMPOMCXOXKICHUS M BUAOB. TeMIeparypa BECHOH,
TeMIIepaTypa JeTOM H KOIMYECTBO OCAJKOB B IIEPHOJ TOKOS OBLIM 3HAYUMBI JUIS IIPUPOCTA B BEICOTY y JIEPEBLEB € 00IACTHIO
npoucxoxaeHus u3 Pink Mountain, Fort Nelson u Summit Lake, cooTBeTcTBeHHO. B IpOTHBOIONOKHOCTE 3TOMY, IPUPOCT B
BBICOTY COCHBI OOBIKHOBEHHOM OBLTH YyBCTBHTEIBHBI K JneGUIUTy BOIBI B Mae U HIOHE Mpeablayliero roga. Buanmo s
COCHBI OOBIKHOBEHHOH, 3a1achl IIMTATENIBHBIX BEIIECTB OKAa3bIBaeT 00Jiee BBIPAKCHHOE BIMSHHE HA TIPUPOCT B BEICOTY, UeM Y
CKpYYEHHOMN COCHBI.

KiroueBble ciioBa: yorunenue nobe2o8, UHMpoOyyupo8anHulll 6u0, adanmayus, Kiumam, coCHbl
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