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Abstract

The main objective of the study was to analyse lodgepole pine (Pinus contorta var. latifolia Engelm.) growth in

relation to soil nutrients in a reclaimed oil shale mining area (ROSMA), abandoned agricultural land (AAL) and forestland
(FL). The growth—soil interactions and soil-needle chemical relationships were analysed and compared in lodgepole pine
plantations at various sites. The impact of soil conditions on tree growth was significant; the height and diameter of
trees were different between the studied sites. Despite the higher P and K concentrations in the soil in ROSMA, the
concentrations of these elements in needles were lower compared to the AAL and FL. This may be caused by the high
value of soil pH and K / Ca antagonism. Although the concentrations of the elements in the needles were lower in
ROSMA, the needles were longer and heavier. This was possibly due to the higher N and P use efficiency in the lodgepole
pine plantation in the ROSMA. The growth of lodgepole pine was better in more fertile environments, in our study the

AAL or on the clay substrates of ROSMA compared to the FL.
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Introduction

Every year opencast oil shale mining in Estonia
creates substantial areas of alkaline wasteland that
require recultivation. As of 2006 exhausted oil shale
mines covered 13,098 ha of land, of which 10,347 ha
had been forested (Kaar and Tomberg 2006). In East-
ern Europe, including Estonia, there is a clear tenden-
cy of increase in abandoned agricultural areas, brought
about by drastic changes in the political and economic
situation (Mander and Jongman 2000). During the last
decade, more than 400,000 ha of agricultural land was
abandoned in Estonia (Uri et al. 2007). Afforestation
of these areas is a sustainable land use to reduce CO,
emission and improve soil fertility. Sequestration of
carbon in plant biomass and in soil is an important
environmental effect of afforestation of disturbed and
abandoned agricultural lands.

In the present study, we analyse the growth of
lodgepole pine (Pinus contorta var. latifolia Engelm.)
in Estonian conditions. According to the Estonian Na-
ture Conservation Act (2004), distributing exotic spe-
cies in nature is not encouraged. However, lodgepole

pine is a promising species for cultivation in park for-
ests and green areas in Estonia. Also, lodgepole pine
can be used as a suitable species besides native spe-
cies for afforestation of reclaimed oil shale mining are-
as (ROSMA) and abandoned agricultural lands (AAL).

Lodgepole pine is a native North American tree
species that occupies large territories there. Among the
North American conifers it has the widest ecological
range. Lodgepole pine has been found to grow well
on nutritionally poor soils (Weetman et al. 1985), where
it has advantages over other species (Despain 2001).
Lodgepole pine is also adaptive to soil pH variability
(Koch 1996). Commonly, the roots of this species are
deeply distributed in sandy nutritionally poor soils
(Laas 1987, Cohen et al. 1990). Young lodgepole pines
grow fast and tolerate well severe climate conditions;
therefore in northern Europe, it is cultivated for for-
estry purposes more widely than other non-indigenous
pine species (Laas 2004).

Lodgepole pine has been used in forest plantations
in different climate zones and on different types of soil.
It has been reported that lodgepole pine has been
planted on climatically harsh, exposed, nutrient-poor
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peat soils in Scotland (Lines 1996) and Ireland (Gallagher
et al. 1987); on poor, dry, out-washed sand-fields in
Denmark (Larsen 1980); and on subalpine or cold cli-
mate sites in New Zealand (Miller and Ecroyd 1987,
Ledgard 1993, 2001). Lodgepole pine has also been
used in plantations in Finland (Weissenberg 1972, Ruot-
salainen and Velling 1993), Sweden (Rosvall et al. 1998,
Knight et al. 2001) and Iceland (Sigurgeirsson 1988).

It is known that the exotic coniferous species have
frequently higher productivity than Pinus sylvestris or
native broad-leaved trees (Peterken 2001). Pinus con-
torta var. latifolia has been widely used in forest plan-
tations in northern Sweden due to its high productivi-
ty (von Segebaden 1993). The clearest example of suc-
cessful introductions of nonindigenous species is Pi-
nus contorta var. latifolia, which is clearly superior to
local Pinus sylvestris in productivity (Varmola et al.
2000). In Sweden, lodgepole pine is regarded as a more
competitive species compared to Scots pine (Norgren
1996). Besides, from research conducted in Sweden it
is known that lodgepole pine wood production is 36%
higher compared to Scots pine (Elfving et al. 2001). In
Lithuania, about 20 species of Pinus were introduced;
however, only some of them in forests (Navasaitis 2004).
Pinus contorta was found to be a promising species
for Lithuania. This species may be planted there espe-
cially in areas unsuitable for farming, because it is re-
sistant to Heterobasidion annosum (Ziogas 2006).

It has been suggested that in the reclamation of
degraded landscapes, some fast-growing exotic spe-
cies show better growth in the first years than native
species (Parrotta 1999). The results from Lusatian lig-
nite mining region in Germany indicate that black pine
(Pinus nigra) grows better in the mining substrate
than Scots pine (P. sylvestris), indicating that black
pine may be a better choice for reforestation of post-
mining landscapes than Scots pine (Baumann et al.
2006). Dutta and Agrawal (2003) concluded that exot-
ic species may be recommended for preliminary reha-
bilitation of the coal mine spoil due to their fast growth
and development.

Experimental cultures of lodgepole pine have been
planted on different sites in Estonia. The total area of
stands where lodgepole pine is dominant is 7 ha in
Estonia (Laas 2004). The first experiments of the
lodgepole pine cultivation were made at the present
Jarvselja Training and Experimental Forest District in
1908 (Kasesalu 2000). Kasesalu (2000) concluded that
the growth of lodgepole pine and Scots pine is approx-
imately the same in Myrtillus site type at Jarvselja, and
that lodgepole pine has better prospects mainly in park
forests and green areas in Estonia.

In 1977, the Estonian Forest Institute had an op-
portunity to order seeds of various trees through the

IUFRO seed bank catalogue. Lodgepole pine seedlings
from seeds of different provenances of North Ameri-
ca and from seeds collected in Estonia (Luunja, Kam-
bja) were planted to S6e Arboretum and Narva ROS-
MA. Earlier observations indicated that the best
growth is demonstrated by trees grown from local
seeds (Luunja) in S6e Arboretum (Erik 1999) and the
Narva ROSMA (Kuznetsova and Mandre 2005). These
two areas were selected for this study.

The main objective of the study was to analyse
lodgepole pine growth in relation to soil nutrients in the
ROSMA, AAL and forestland (FL). To assess the growth
of lodgepole pine and to find the suitable growth condi-
tions for the studied species, the growth, biomass and
nutrients were qualified considering that the trees ob-
taining higher growth and biomass would be more suit-
able for cultivation in these soil conditions. Analysis of
the chemical composition of the soil and morphological
and chemical characteristics of assimilative organs of trees
serve as a foundation for understanding the status of
trees and a forest site. Different authors have tried to
evaluate the success of the restoration of the damaged
areas with the help of growth and biomass production
of various plants (Kumar et al. 1995, Singh and Singh
1999). The morphology of trees is used in monitoring to
evaluate the state of trees in areas under human impact
(Schubert 1985, Innes 1993, O3omunyioc 1996). Needle
analysis has often been used as a diagnostic method of
describing the nutritional status of trees (Brekke 1996)
as well as their biomass increment and growth conditions
(Niinemets et al. 2002). The thickness of shoots (Duryea
1984) and density of needles on the shoots have been
used as an indicator of tree vitality (Pensa 2000). Opti-
mal uptake and concentration of nutrients in tissues
ensure balanced physiological processes and bioproduc-
tion (Aerts and Chapin 2000, Niinemets and Kull 2003,
Niinemets and Lukjanova 2003).

The hypothesis of our study was that the AAL
and ROSMA can offer better growth conditions for
lodgepole pine compared to the FL. It was assumed
that at a higher nutrient concentration in soil the
growth of trees would be better.

The objectives of our study were: (i) to analyse
the growth of trees in relation to soil nutrients in the
ROSMA, AAL and FL, and (ii) to define the most suit-
able growth conditions for lodgepole pine from the
studied areas.

Materials and methods

Study area

The study was carried out in three small experi-
mental lodgepole pine plantations established in the
Narva ROSMA, in S6e Arboretum (AAL) and at Luige
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(Calluna forest site type) (FL) (Table 1, Figure 1).
Considering that lodgepole pine is not a native spe-
cies in Estonia and it was difficult to find similar stands
to do replicates, this is a pilot study without replicates.
The plantations at Narva and S6e were established in
1979 with 2-year-old seedlings. The planting arrange-
ment was 3 x 3 m in Narva with 113 plants planted. In
Soe the planting arrangement was 2 X 2 m and 64 plants
were planted. The seeds of lodgepole pine originated
from Luunja in these two plantations. The share of
survived trees was 76.6% in Soe in 1997 (Erik 1999).
Our monitoring of Narva plantation in 2001 showed that
the share of survived trees there was 53%. The rea-
son for trees dying on these sites could be heteroge-
neity of the substrate of the post-mining area and frost
damage of trees in S6e. No information could be found
about the origin of the seeds at Luige. The plantation
at Luige was established in 1982. It is a plantation where
lodgepole pines (50 trees) grow among Scots pines.
The arrangement of trees is approximately 2 x 2 m.

Table 1. Plantations studied

Plantation Location Site Soil type

Narva 59216'N, Reclaimed oil shale Spolic Anthrosol
27°47'E mining area (ROSMA)

Sée 58°38'N, Abandoned agricultural Gleyic Cambisol
26%21'E  land (AAL)

Luige 59°18'N;  Forestland (FL) Arenosol
24°43'E

]

. K
N

Figure 1. Location of study plantations in Estonia (1 —
Narva, 2 — Soe, 3 — Luige)

Morphological measurements

Fieldwork was carried out in the studied planta-
tions in September 2005. Considering that plantations
are small (60 trees at Narva, 50 trees at Soe and Luige),
no sample plots were established. The stem diameter
at breast height (DBH) and the height (H) of all trees
for each plantation were measured. The diameter of

trees was measured to the nearest 0.1 cm with a cali-
per. The height of trees was measured to the nearest
0.1 m using a Suunto clinometer.

For the estimation of the state of trees in study
areas, parameters of the morphometric evaluation sys-
tem used in Central Europe (Manual for Integrated
Monitoring 1993) were used. Considering that the
assimilating mass and the photosynthetic productivi-
ty of conifers is allocated predominantly in the mid-
dle layers of the canopy (Mandre and Tullus 2002),
for morphological measurements current-year needles
and shoots were collected from the middle part of the
tree crowns. Three model current-year shoots per tree
were collected randomly from the crowns of 5 trees per
each plantation. The collected needles and shoots
were dried at 70°C in a thermostat and weighed (g).
From the collected samples, the length of needles (n
= 150) and shoots (n = 15) was measured; the dry mass
of 100 needles and shoots (n = 15) was weighed and
the density of needles on shoots (needle number per
unit shoot length) (n = 15) was calculated.

Laboratory analyses

Soil analysis

In all plantations, one soil pit was dug. The soil
type was determined according to the FAO-UNESCO
(1994) classification (Table 1). Three samples from the
0-20 cm soil layer were taken per plantation in Septem-
ber 2005. The soil samples were dried and sieved. The
soil pH,, ) was measured with a pH meter (Mettler To-
ledo GmbH, InLab412 electrode, Germany). For the anal-
ysis of the soil total N the Kjeldahl method was used.
Available phosphorus and potassium were determined
by the flame photometric method. All soil samples were
analysed in the Laboratory of Plant Biochemistry of the
Estonian University of Life Sciences.

Chemical analysis of needles

Three samples of current-year needles per plan-
tation were collected for chemical analysis in Septem-
ber 2005. The collected needles were cleaned, dried and
ground.

Determination of N in the needles was carried out
according to the Kjeldahl method; P was determined
in Kjeldahl Digest by FIAstar 5000, Stannous Chloride
method, ISO/FDIS 15681; K was determined by the
flame photometric method (Ruzicka and Hansen 1981).
The concentrations of nutrients (N, P, K) were deter-
mined in the Laboratory of Plant Biochemistry of the
Estonian University of Life Sciences.

Statistical analyses
Normality of variables was checked by the Kol-
mogorov—Smirnov, Lilliefors and Shapiro—Wilk’s tests.
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The dry mass of shoots was normalised by using a
log-transformation. The data were analysed by one-
way analysis of variance (ANOVA). The Tukey test was
used for the multiple comparison of the mean. Corre-
lations (r) between the growth parameters and nutri-
ents were calculated. Throughout the study, the means
are presented with the standard error of the mean (+
SE). Statistical analyses were carried out with software
STATISTICA 7.0 and the level of significance { = 0.05
was accepted in all cases.

Results

Soil characteristics

Significant differences were observed in the con-
centrations of macronutrients (NPK) and in the pH of
the upper layer of Narva soil and soils of S6e and Luige
(Table 2). The soil pH was statistically significantly
the highest at Narva compared to the other soils. The
analysis of soil nutrients showed that N concentra-
tions in the Narva and Sée plantations were similar and
more than three times higher compared to Luige. The
available P and K concentrations were significantly
higher in the Narva plantation compared to Sée and
Luige plantations (Table 2).

Table 2. Soil characteristics in 0-20 cm soil layer: pH, and
N, P and K concentrations

Plantation pH N (%) P(mgkg') K(mgkg )
Narva 7.010.01°  0.16+0.009° 47.3+4.1°  207.3t4.9°
Soe 6.140.003°  0.18+0.008°  136+2.9°  83.3%3.9"
Luige 5510.09°  0.05+0.001°  333+2.4° 5.1+0.9°

Values are given as the mean + SE. ¢ letters indicate a statis-
tically significant difference in the Tukey test at p = 0.05.

Tree measures: height and DBH in the plantations

Comparisons of the main growth characteristics
between the studied stands are provided in Table 3.
Comparative analysis showed a statistically significant
difference in tree heights between stands. Although
initial densities of Narva and Soe stands differed, the
DBHs of lodgepole pine in these stands were similar.
Despite the unfavourable soil conditions during the

Table 3. Comparison of tree height (H) and tree diameter at
breast height (DBH) in the lodgepole pine plantations

Plantation H (m) DBH (cm)
Narva 9.1+0.4° 14.5+0.7°
Soe 11.5+0.6° 15.1+0.9°
Luige 5.9+0.1° 8.740.3"

Values are given as the mean + SE. ®* letters indicate a statis-
tically significant difference in the Tukey test at p = 0.05.

first years after the recultivation of oil shale mining
spoil, the height and DBH of 25-year-old lodgepole
pine in Narva was comparable to the results from Soe
rather than to Luige.

Needles and shoots

The length of needles of lodgepole pine was sig-
nificantly higher in the Narva plantation than in the
other two sites (Figure 2). Lodgepole pine had a greater
dry mass of 100 needles in the Narva site, but there
was no significant difference in needle dry mass be-
tween the Narva and Soe sites. The length and dry
mass of shoots were similar on the Narva and Sde
sites, but they were significantly lower compared to
the Luige site. The shorter shoots of lodgepole pine
in the Narva and Soe sites had a higher needle densi-
ty (Figure 2).

3 BNarva OSée O Luige
E 25
M a
§ 8 | 2
3 >
g § 15 b
-
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g 5
o
0

needles shoots

100 needles shoots

Figure 2. Morphological characteristics of lodgepole pine
needles and shoots in a reclaimed oil shale mining area, aban-
doned agricultural land and forestland. Values are given as
the mean + SE. Different letters indicate a statistically sig-
nificant difference (Tukey test, p = 0.05)

Nutrient concentration in needles

The concentrations of main mineral nutrients
(NPK) in needles differed significantly between the
Narva and the other two studied plantations (Sde,
Luige) (Table 4). The lowest NPK concentrations in
lodgepole pine needles were observed in the Narva
plantation, although the concentrations of these ele-
ments in the Narva soil were higher compared to the
other studied soils. The N / P ratio in needles was
similar for the S6e and Luige plantations. For the Narva
plantation, the N / P ratio was found to be higher. The
N / K ratio was similar for all plantations.

Table 4. NPK concentrations and N / P, and N / K ratios in
needles in the lodgepole pine plantations

Plantation N P K N/P N/K
%

Narva 1.1+0.03° 0.06£0.006° 0.34:0.04° 18.8° 33

Soe 1.6£0.06°  0.13t0.02°  0.49+0.06° 12.4° 33

Luige 1.540.03° 0.13+0.03°  0.54+0.04* 11.8° 29

Values are given as the mean + SE. ®¢ |letters indicate a statis-
tically significant difference in the Tukey test at p = 0.05.
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Relationships between growth parameters of
trees and soil nutrient concentrations

The correlation between soil nutrients and growth
parameters of trees was estimated including the data
of all three plantations. The analysis showed that soil
nutrients had a significant influence on many growth
parameters of trees. The H and DBH of trees were
positively correlated with the soil N concentration (r
=0.72,r=10.89, p <0.05, respectively). A strong pos-
itive correlation was found between the dry mass of
needles and the soil N concentration (» = 0.83, p <
0.05). The length of needles was positively correlated
with soil N (= 0.96, p < 0.05) and K concentrations
(r=0.73, p <0.05). The dry mass and length of shoots
were negatively correlated with the soil N concentra-
tion (r =-0.90, r = -0.92, p < 0.05, respectively).

Discussion and conclusions

Results of our study showed that the impact of
soil nutrients on the growth of lodgepole pine was sig-
nificant; the height and diameter of trees were differ-
ent between the studied sites. The soils differed in nu-
trient concentrations as well as pH. The initial site con-
ditions were most unfavourable in the Narva stand. As
a result of mining, the relief is rugged, and the soil is
heterogeneous and extremely stony. Oil shale mining
spoil is very alkaline (pH,, = 8.0), the initial N and
organic content are low (Kaar and Raid 1996, Lohmus
et al. 2006, 2007), and in young stands a significant
proportion of the organic matter is formed from oil
shale mining residues (Reintam et al. 2002). Compar-
ing our data of soil analyses with earlier data about
initial soil conditions (Kaar and Raid 1996, Lohmus et
al. 2006, 2007) we may conclude that the soil improve-
ment during the first 25 years was remarkable. We can
see that with the formation and development of soil
the content of N increased and the soil pH decreased
by 1 unit during the first 25 years. Our results are in
accordance with the results reported by Lohmus et al.
(2007), who found that the soil pH decreased by 1 unit
during the first 26 years in black alder and Scots pine
plantations in a ROSMA. Despite the decrease of the
soil pH in the Narva ROSMA, the soil pH is still slightly
alkaline and significantly higher compared to the AAL
and FL soils.

Plant nutrition depends on many factors: soil
properties, climatic factors and physiological status of
trees. The nutrients are dependent on one another and
can interact with other elements. Also the pH value
of soil affects the uptake of nutrients (Marschner
2002). It is known that alkalisation of soil inhibits the
availability of several nutrients, causing serious de-
viations in the mineral composition of plants

(Marschner 2002). Considering that in alkaline soils the
mobility of P is limited (Marschner 2002), we can ex-
pect that for the lodgepole pine growth conditions on
AAL and FL soils were quite favourable compared to
the calcareous soil of the ROSMA. Apparently the
alkaline soil at Narva opencast complicates the uptake
of P and its deficiency can limit the growth of trees.
Our results showed that the P concentration in soil
was higher in the Narva ROSMA compared to the AAL
and FL soils; however the P concentration in needles
was smaller at Narva than on other studied soils. Sev-
eral authors have also reported that N (Singh et al. 2002)
and P (Fitter and Bradshaw 1974, Bloomfield et al. 1982)
limit plant growth on abandoned coal mine soils. Ni-
inemets and Kull (2003) suggested that plant produc-
tivity in calcareous wooded meadows is limited by both
N and P. It is known that N and P depend more on the
organic matter content of soil, while K is more related
to the clay minerals (Piho 1967). This explains the
higher concentration of K in the loamy soils of the
Narva ROSMA. Although the available K concentra-
tion of soil was higher in the Narva ROSMA compared
to the other sites, higher K concentrations in needles
were observed in the AAL and FL soils with lower soil
pH values. Its availability decreases in calcareous
environments due to the Ca / K antagonism (Tré-
molicres et al. 1998, Marschner 2002).

Many authors have emphasised that the interac-
tion of different mineral elements in plant tissues and
the balance of mineral elements are of great importance
in tree growth and survival under stress conditions
(Ingestad and Agren 1988, Marschner 2002, Portsmuth
et al. 2005). The scale of optimum nutrient concentra-
tions and their ratios in the current-year needles have
been found for lodgepole pine, growing in its natural
area in North America (Brockley 2001). A comparison
of the N/ P and N / K ratios in the needles of lodge-
pole pine (Table 4) with the scale of ratios suggested
by Brockley (2001) permitted us to conclude that there
was a considerable deficiency of P (N /P > 13 — mod-
erate to severe P deficiency) in the needles of lodge-
pole pine growing in the Narva ROSMA; but there was
an optimum concentration of K in needles of all stud-
ied plantations (N / K > 4.5 — moderate to severe K
deficiency).

Different adaptive strategies of lodgepole pine
growth related to soil type have been reported earli-
er. Thus Pearson et al. (1984) and Landsberg (1986)
found that the formation of the crown and biomass
accumulation vary between different growth condi-
tions. Our study revealed different relationships be-
tween soil nutrients and growth parameters of trees.
The H and DBH of trees were increasing with increas-
ing soil N concentration. The dry mass and length
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of needles were increasing with increasing soil N and
K concentrations, although the dry mass and length
of shoots were increasing with the decreasing of soil
N concentration. Taking into account the results of
the analysis described above, it can be concluded that
the growth of trees was better in the ROSMA and
AAL in the areas with a higher concentration of N
in the soil. The growth of lodgepole pine in the FL
was possibly limited by the low nutrient concentra-
tion in the soil. This could explain the lower forest
productivity in this area.

We found that the dry mass and length of nee-
dles were superior in the Narva ROSMA and AAL
compared to the FL. The density of needles on shoots
differed significantly between sites: lodgepole pine
produced shorter and lighter shoots with a greater
needle number per unit shoot length in the Narva
ROSMA and AAL compared to the FL. However, shoot
length and needles number per unit shoot length did
not correlate. Niinemets and Kull (1995) also did not
find any correlation between shoot length and needle
number per unit shoot length. However, Metslaid et
al. (2005) found that the length of the shoot and the
number of needles on the shoot, and also the length
of the shoot and the needle mass of the shoot were
the best correlated shoot variables in trees that had
been growing in a variable understorey environment.
Larger needles and greater density of needles on
shoots found in the ROSMA and AAL, the areas with
the highest concentration of N and K in the soil are
among several factors influencing the crown architec-
ture, which may contribute to the competitive success
in trees. In the FL, the area with the smallest N con-
centration in the soil, we found longer and heavier
shoots, which may also contribute to the resistance
of the tree crowns to the winds, and other unfavour-
able factors. On the basis of the results of the study
of morphological parameters it may be concluded that
lodgepole pine uses different adaptive strategies of
growth related to soil conditions.

Our results showed that the needles were signif-
icantly longer and heavier in the plantation in the
Narva ROSMA compared to plantations on the AAL
and FL soils, yet the concentrations of elements in
needles were lower. This can be related to the higher
nutrient use efficiency. It means that lodgepole pine
growing in the ROSMA may need fewer nutrients for
biomass production. Norgren (1996) reported that the
higher N use efficiency of lodgepole pine compared
to Scots pine is achieved through its low N invest-
ment per unit biomass. In the study realised in black
alder Vares et al. (2004) found the highest N use effi-
ciency in the ROSMA and the smallest one on AAL.
Therefore we believe that having higher N use effi-

ciency is an advantage for lodgepole pine growth on
nitrogen-poor post-mining soil.

Generally, post-mining soils because of their un-
favourable chemical and physical properties are a less
desirable growth environment compared to native soils
(Singh et al. 2006). Nevertheless, Reintam et al. (2002)
argued that ROSMASs in Estonia have a high poten-
tial for forestry. Thus it was found that some exotic
species, for example, larches (Larix decidua, L. sibir-
ica) grow well in the ROSMA (Kaar 2002, Kuznetsova
and Péarn 2004). Previous studies in ROSMA reported
positive results of lodgepole pine cultivation in clay-
ey areas (Kaar and Raid 1996) and similar growth of
lodgepole pine and Scots pine in calcareous soils
(Kuznetsova and Mandre 2006). An experiment in Fin-
land confirmed that lodgepole pine has especially great
advantages over Scots pine on strongly clayey soils
(Tigerstedt 1986). This study showed that the growth
of lodgepole pine in the Narva ROSMA was higher
compared to the FL soil. Also, lodgepole pine growth
in the Narva ROSMA showed more similarities with its
growth on the AAL. This may indicate that lodgepole
pine is not well adapted to the nutritionally poor sandy
FL, and requires more favourable growth conditions
similar to those in the AAL or in clay substrates of
the ROSMA.

In conclusion, it may be said that lodgepole pine
uses different growth adaptive strategies in relation
to soil conditions. We cannot encourage the cultiva-
tion of lodgepole pine as a foreign species in forest,
but on the basis of the results of the current study
the use of this species for recultivation of the AAL
and ROSMA may be recommended. Also the results
of this study can be used as an example for other re-
gions, where lodgepole pine is a common tree species
and for areas subjected to restoration.
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POCT COCHBI CKPYUEHHOM (PINUS CONTORTA VAR. LATIFOLIA ENGELM.) HA
PEKYJIBTUBHUPOBAHHBIX OTBAJIAX CJIAHHEBBIX KAPBEPOB, 3ABPOIIEHHbBIX
CEJIbCKOXO3SIMCTBEHHBIX YIOJIbSAX U B JJECOIMMOCAKAX

T. Ky3snenoa, M. Tuiaxk, K. Orc, A. JlykbsanoBa u X. Ilapnu

Pesiome

OcCHOBHas 11e7b PabOTHI 3aKITI0YATACH B aHATM3E POCTA COCHBI CKPYUYCHHOM, TPOM3POCTAOIICH Ha Pa3HBIX THIIAX MOYBHI,
Y BBISBJIICHHH HanOoJIee MOIXOIAIICT0 MECTa MTPOU3POCTAHHS ISl JAHHOTO BUJIA COCHEL.

B3auMmopeiicTBie MEXIy POCTOM JIEPEBLEB U IMOYBHI, @ TAKIKE XUMHIECKasi B3AUMOCBSI3b MEXK/Iy TIOYBOW U XBOEH ObLIH
MIPOAHANIN3UPOBAHBI B HACAKACHHUIX COCHBI CKPYYEHHOW B PAa3HBIX YCIOBHIX IMPOU3PACTAHUS.

Bbu10 ycTaHOBIEHO CYLIECTBEHHOE BIMSHHME MOYBBI HA POCT COCHBI. JlepeBbsl U3 Pa3HBIX HACAXKAECHHH OTJIMYAIUCH IO
BbICOTE M auameTpy. HecMoTpst Ha To, 9yTo KoHIEHTpanuu P u K B mo4YBe peKyJIsTHBHUPOBAHHBIX OTBAJOB CIIAHIIEBBIX
kapsepoB (POCK) Oblnu BEINIE, COAECpKaHUE ITHUX DJICMEHTOB B XBOC OBIIM HHUXKE, YeM B XBOC B 3a0POIICHHBIX
cenbckoxo3siicTBeHHBIX yrombsax (3CY) u neconocaakax (JI). DTo MoXkeT 3aBHCETh OT BBICOKOW mIeouHOCTH mouBH U K/Ca
aHTaroHm3Ma. XOTs coJeprkKaHHe AMEeMEHTOB B XBoe 0buto Hike Ha POCK, xBos 31ech ObIIM JUTHHHEE U TSDKENEe, YTO MOYKET
OBITH CBSI3aHO ¢ 0oJiee BBHICOKOM 3(EeKTUBHOCTHIO Hcnonb3oBaHusd N u P cocHoli ckpydennoit Ha POCK.

[Tony4yeHHBIC Pe3ysbTaThl MOKA3aM, YTO COCHA CKpydeHHas pacteT aydmie Ha 3CY u mmHAHBIX cybcTparax POCK;
XYIIIAI pocT HaOMI0Jalcst Ha OeTHOM MUTAaTeTbHBIMHU BEIIECTBAMU JICCHOM ITECUYaHOH MOYBE.

KunrwueBble ciioBa: CKpy4€HHasA COCHa, POCT, 61/10Macca, IIATATCIIbHBIC BENICCTBA, TUII ITOYBBI
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