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Experimental comparative investigations of lodgepole pine (Pinus contorta)
and Scots pine (Pinus sylvestris) plantations were carried out on exhausted
oil shale opencast sites in Estonia, with the aim to assess the per spectives to
avoid monocultures and to broaden the species list in the recultivation of
areas destroyed by mining. The levelled detritus of the Narva opencast
(59°15' N, 27°48' E) is characterized by rather extreme growth conditions for
conifers: very alkaline (pH > 8.0) and stony substrate, lack of N in soil,
destroyed water regime etc. The concentrations of nutrients vary in the
growth substrate between plots and under different species. The needles of
Scots pine contain more P, K, Ca than the needles of lodgepole pine.
Comparison of the nutrient composition of two conifer speciesin 21-23-year-
old plantations showed the deficiency of N, P and K and optimal con-
centrations of Ca an Mg in needles. Research indicated that lodgepole pine
and Scots pine differ in their needle and shoot biomass as lodgepole pine
formed longer and heavier needles and shorter and thicker shoots than Scots
pine. Regardliess of unfavourable soil conditions a good growth of stands
have developed on levelled opencasts. From a practical point of view and
taking into account the aim of the present study, besides the native Scots pine
lodgepole pine from the list of introduced tree species for recultivation of ail
shale opencast mining areas may be promising.

Introduction
Vast areas of land all over the world have been rendered unproductive by

human activities [1]. Ecosystem destruction by mining for coal, quarrying
for minerals, and other processes to meet demands of industries, is an inevit-
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able part of civilization [2]. The increasing human need for these resources
will certainly accelerate further degradation of natural habitats, as most of
the mining areas are on the land that was previously occupied by forests or
agriculture. The mineral extraction process drastically alters the physical and
biological nature of a mined area. Strip-mining, commonly practiced to
recover coal reserves leads to acceleration of erosion of biological diversity
and creation of several other environmental problems [3], destroys vegeta-
tion [4], causes extensive soil damage and destruction [5] and alters
microbial communities [6].

The goal of restoration is usually to develop along-term sustainable eco-
system native to the area where mining had occurred [ 7]. Restoration aims to
return the degraded system to some form of cover that is protective,
productive, aesthetically pleasing [8] and to establish stable nutrient cycles
of plant growth and microbial processes [9]. Plantation is the oldest
technology for restoration of lands damaged by human activity [10]. Forest
plantations can play akey role in harmonizing long-term rehabilitation of the
forest ecosystem [11], in restoring productivity and biological diversity to
degraded areas [12]. However, some researchers state that naturally
developed vegetation shows as good growth as the vegetation of cultivated
areas [4]. Moreover, investigations conducted in recent years have suggested
that monocultures may in long-term perspective give negative results in the
restoration of vegetation [13].

The choice of plantation speciesis likely to greatly influence both the rate
and the trgjectory of rehabilitation processes [14]. The presence of different
tree species in a productive system can result in a better structure and
increased nutrient availability of soil [15].

The role of exotic or native species in rehabilitation needs careful con-
sideration, because we may have to use species combinations (native, exotic
or combination thereof) that are capable of surviving in new conditions
[16, 17]. For artificial introduction, use of species that are well adapted to
the local environment should be emphasized [18, 19]. Indigenous species are
preferable to exotics because they are most likely to fit in with a fully
functional ecosystem and to be climatically adapted [20].

A desired species for planting on mine spoils should possess the ability to
grow on poor and dry soils, to develop the vegetation cover in a short time
and to accumulate biomass rapidly, to bind soil for arresting soil erosion and
checking nutrient loss, and to improve the status of soil organic matter and
soil microbial biomass, thereby enhancing the supply of nutrients available
to plants [21]. In addition, if possible, the species should be also of economic
importance.

In Northeast Estonia, until 2005, the area damaged by opencast mining
was 12 900 ha, and forest rehabilitation of the skeletal calcareous detritus of
oil-shale opencast mining has been carried out in an area of 10 188 ha since
1960.
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Technogenically spoiled areas need restoration, but it is important to
select tree species suitable for the afforestation of these areas. In the first
stage of forest rehabilitation the levelled and skeletal cal careous detritus was
initiated with sets of Scots pine [5]. Kaar [22] recommends that in the
interests of biodiversity attention should be paid also to other tree species
besides Scots pine, which so far prevails among trees planted (86%). A
possible species for introduction for afforesting spoil areasislodgepole pine,
which is known as rather tolerant to pH and nutrient deficit in soil [23].

The aims of the present study are (i) to carry out the comparison of two
pine species, Scots pine and lodgepole pine growing in plantations
established on calcareous spoils of oil shale opencasts, (ii) to estimate the
suitability of lodgepole pine for recultivation. The main attention was paid to
estimation of the growth and biomass of needles and shoots and content of
nutrients. For the interpretation of the status of treesit is necessary to clarify
nutrition conditions of the growth substrate on the detritus of the Narva
opencast.

Material and methods
Study area

The research was conducted in Narva (59°15'N, 27°48' E) opencast in
Northeast Estonia. Two lodgepole pine (Pinus contorta var. latifolia
Engelm.) (LP) and two Scots pine (Pinus sylvestris L.) (SP) stands planted
on the levelled detritus of the Narva opencast were monitored and compared
in 2004:

LPI —aLPsiteplantedin 1983,

LPIl—aLP siteplanted in 1982,

SPI —a SP site planted in 1982,

SPIl —a SP site planted in 1981.

One sample plot (0.1 ha) was established in each plantation. Overbark
diameter at breast height and the height of trees were measured on sample
plots.

Main characterigtics of the studied pine plantations are presented in Table 1.

Table 1. Main characteristics of the studied pine plantations on Narva oil shale
opencast

Sample Age, Number of Mean Mean Basal Growing
plot yr. trees per ha diameter at height H, area, stock,
breast height m m? ha* m® ha*
D3 cm

LPI 21 2300 10.9 9.1 214 113

LPII 22 2450 9.0 8.8 154 81

SPI 22 2040 85 79 11.7 55

SPII 23 1220 115 104 12.7 75
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Climatically the studied area belongs to the Atlantic-continental region,
where the influence of the Baltic Sea is strongly felt. According to the
Estonian Meteorological and Hydrological Institute, the annual amount of
precipitation in this area for the last ten years was 753 mm, the wettest
months of the year in 2004 were June, July and September. The amount of
precipitation in 2004, when our studies were carried out, was 820 mm (Johvi
weather station).

Mor phological analysis

For the estimation of the state of the trees morphometric parameters (dry
mass of needles and shoots and length of needles and shoots) suggested in
relevant handbooks were used [24].

The current-year main shoots and needles of trees were collected in
autumn 2004 after the growth had stopped. As trees vary, five shoots were
collected from the crowns of 10 trees of each sampling site to get an average
sample. From the collected samples dry mass (DM) of 100 needles and dry
mass of shoots (g) at constant temperature (70 °C) in a thermostat (n = 50),
length of needles (cm) (n=500) and length of shoots (cm) (n=50) were
determined.

Analysis of soil and plant material

To characterize the growth substrate, in 2004 soil samples were collected
from a layer of 30 cm depth taking into consideration that in the case of
coniferous trees on average 80% of the roots assimilating nutrients are
located in the upper 10-30 cm layer of soil [25, 26]. Five samples were
taken from all sites and one average sample for the site was formed for
analysis. The samples were dried and sieved (sieve No. 2).

The concentrations of mineral elements available to plants (N, P, K, Ca,
Mg) in the soil and in the current-year needles were determined in the
Laboratory of Plant Biochemistry of the Estonian University of Life
Sciences.

Soil pHy,0 was determined in the laboratory of the Department of Eco-
physiology of the Forestry and Rural Engineering Institute of the Estonian
University of Life Sciences with a pH meter (Mettler Toledo GmbH,
InLab412 electrode, Germany). For the analysis of N in soil the Kjeldahl
method was used, for available P, Ca and Mg in soil a Flow Injection
Analyser (FiaStar 5000) and for K a Flame Photometer were used.

Determination of N in the needles was carried out according to the
Kjeldahl method; determination of P was carried out in Kjeldahl Digest by
Fiaster 5000, stannous chloride method, 1SO/FDIS15681; determination of
Cain Kjeldahl Digest by Fiaster 5000, o-cresol phtalein complexone method
1SO3696; Mg was determined by Fiastar 5000, titan yellow method,
ADSTN90/92; K was determined by the flame photometric method [27].
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Statistical analysis

Average characteristics of the studied pine plantations were calculated in
FoxPro.

Means of the samples, standard deviation, and correlations between the
parameters (r) were calculated using MS Excel 9.0. Normality of variables
was checked; the length and dry mass of shoots were normalized by log-
transformation. The data were analysed by analysis of variance (ANOVA) in
Systat (SPSS, Chicago, USA). The Bonferroni test was used for the multiple
comparison of means.

Results and discussion
Characterization of the growth conditions of trees

Establishment of vegetation on abandoned mined lands is hindered by
physical factors such as low availability of soil moisture, stony substrate of
an uncertain structure, disturbed conditions of air and nutrition. The upper
layers of spoilslack connection with groundwater and their moisture regime
depends on meteorological conditions (precipitation, air temperature). It was
shown also by Williams et al. [28] that especially in arid areas limited rain-
fall during the growing season and high surface temperatures often limit
plant establishment and growth.

Analysis of the upper soil layers (30 cm) showed that the reaction of the
soil samples from all study sites of the Narva opencast was akaline. In two
lodgepole pine sites (LPI, LPIl) pH was on average 8.1; in the sites of Scots
pine soil pH was 8.0 (SPI) and 8.2 (SPII). Lodgepole pine succeeds in
nutrient-poor soils also according to literature data [23] and it is not very
demanding about soil pH, although its growth becomes inhibited when soil
pH>8 [29]. Scots pine is likewise relatively tolerant of disbalanced
nutrients and relatively high soil pH [30]. Although the soil reaction does not
directly limit plant growth, the availability of several nutrients to plants
depends on it. It is known that in an alkaline soil the mobility of several
nutrient elements necessary for plants decreases and the mineral nutrition of
plants becomes complicated [31-33]. It is known that when pH rises over 7,
the mineralization processes of N will intensify, and its assimilation by
plantswill fall [34—36]. Considering the relatively slow decomposition of the
litter of conifers [37, 38], it may be an additional reason of the disturbed N
cycling and N deficency in the growth substrate in our study sites.
Marschner [26, 33] has accented that soil alkalinity decreases availability of
N and P to plants.

The soil analysis confirmed heterogeneity of the substrate in the Narva
opencast mining area. Concentrations of major elements in soil were very
variable between different species and between sites (Fig. 1). For example,
as compared to the lodgepole pine site LPII, the substrate of LPI has almost
22% less N available to plants, 57% less K and 30% less Ca, but the con-
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centrations of P and Mg were by 8.6% and 14.5% higher, respectively
(Fig. 1). Likewise, in site SPI of Scots pine the concentrations of N, K and
Ca were higher while site SPIl showed higher concentrations of P and Mg.
Analogous results about the variable concentration of elements in opencast
spoils have been reported by in earlier studies [39-42]. Also Reintam and
Kaar [5] found that pedogenesis of opencast detritus differsin intensity and
chemically by regions, depending significantly on tree species and density of
vegetation. The level of organic carbon was the highest under deciduous
stands, but also under pine with grasses. The poor ground vegetation and the
presence of residual kukersite in detritus result in alow accumulation of the
organic carbon of plant origin in some high productivity stands. Sparse
vegetation growth on abandoned mine soils also results from low content of
organic matter, low levels of plant nutrients, particularly P [43], N [44] and
K concentrations [45].

600 - 140 -

500 A
%

400 -

300 -

mg kg *

200 A

100 4

AR

250 -

3000 -

200 A
2500 A

2000 A 150 A

1500 -

mg kg *

%
100 A .

mg kg *

1000 A

500 - 501

AN\

Ca Mg
OLPI BLPII A SPI B SPII

Fig. 1. Chemical composition of growth substrate in the Narva opencast area
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From the aspect of minera nutrition of plants the balance of the con-
centration of nutrients in soil is considered to be an important factor. Our
research results showed that the ratios of the main nutrients differed in the
growth substrates of four sites on oil shale opencast spoils. The ratio of
N: P:K in the detritus of lodgepole pine was 1:0.23:0.15 (LPI) and
1:0.17:0.29 (LPII). Theratio of N : P: K in the detritus of Scots pine was
1:0.07:0.21 (SPl) and 1: 0.13 : 0.23 (SPII). The differencesin the ratios of
nutrients in the substrate should be reflected in the growth and development
of trees.

Mineral composition of needles

The needle diagnostic method is one of the possibilities of assessing the
status of trees[24] in both in industrial areas and in natural forest ecosystems
[25, 32, 41, 46-48].

Considering rather large differences in the concentrations of nutrients
available to plants in the detritus of the study sites, rather large variation in
the needle analysis could also be expected. Analysis of needle samples
collected from different sites indicates not only differences between the two
species in the concentrations of nutrients (Fig. 2), but also differencesin the
chemical composition of the needles of the same species from different sites.
It was found that the content of P, K and Cain Scots pine needles was higher
than in the needles of lodgepole pine. No significant differences were
observed between nitrogen concentrations in lodgepole pine needles from
different sites. However, chemical analysis of Scots pine needles revealed an
11% difference between the two sites with the higher concentration in the
site SPI.
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Fig. 2. Concentration of mineral elementsin current-year needles of lodgepole pine
and Scots pine
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For most coniferous trees growth-limiting element is nitrogen [32, 49]. In
this study we compared the obtained results with the optimum N concentra-
tions in needles suggested by severa authors [50-52] (Table2) and with
figuresindicating N deficiency in pine needles [41, 53, 54]. Tests conducted
by Raid [54] showed that an especially strong N deficiency (concentration in
needles 0.92-1.15%) develops in pine seedlings in Cladina and Calluna site
types. According to Porgasaar [53] the nutrition of Scots pine can be
regarded as good if the N concentration in needles at the end of the growing
season is 2.0-2.5%, while N shortage is great if its concentration in needles
is 1%. Ingestad [50] states that for optimum growth of pine the N con-
centration in needles has to be 2.4-3.0%. According to Wehrmann [51]
1.8-3.2% is needed. Brakke and Salih's [52] data show in current-year
needles of Scots pine deficiency when the N concentration is 1.2-1.5%.
Considering al these figures we can say that the needle samples collected
from trees on opencast spoils in autumn 2004 indicate a severe N deficit.
Our data on the deficit of N in the needles of Scots pine confirm the results
of Kaar and Raid [41], who found only 0.7-1.03% N in the needles of Scots
pine growing on Narva opencast. However, some authors state that Scots
pine tolerates N deficiency relatively well, using optimally the nitrogen
assimilated from the soil [25]. Most probably Scots pine mobilizes N from
old tissues to form new needles if the conditions for N uptake are hard.

Table 2. Concentration of elementsin current-year needles of Scotspinein
Narva opencast and comparisson with optimum scales elabor ated by | ngestad
[50], Wehrmann [51] and Brakke, Salih [52]

Element, % Ingestad Wehrmann Brakke, Narva opencast
[50] [51] Salih[52] SPl SPII
N 24-3.0 1.8-32 >1,8 1.37 1.23
P 0.15-04 0.2-0.3 >0,18 0.11 0.096
K 0.9-1.6 0.55-0.9 >0,6 0.52 0.49
Ca 0.04-0.3 0.05-0.24 >0,07 0.3 0.3
Mg 0.12-0.18 0.06-0.13 >0,08 0.19 0.21

As lodgepole pine is an exotic species in Estonia, we use for the com-
parison and assessment of its nutrition on opencast detritus the scale of the
concentrations of nutrients in the current-year needles presented by Ballard
and Carter [55] and Brockley [56], which can help to draw conclusions about
the supply of nutrient elements also in the trees growing on opencast detritus.
The scale was developed for the lodgepole pine growing in its natural areain
North America, and thus the comparison made is conditional. Comparison of
our data with the scale of Balard and Carter [55] (Fig. 3) improved by
Brockley [56] (where <1.00% — N severely deficient; 1.00-1.15% —
moderately to severely deficient; 1.15-1.35% — dlightly to moderately
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deficient; >1.35% — N adequate) allows us to say that lodgepol e pines growing
on opencast detritus show dight to moderate N deficiency. However, if
compared to van den Driessche's [57] results on the lodgepole pine foliar N
concentration of 1.63-1.73% dry wt., we can be convinced of the deficit of N
on the Narva opencast. Earlier investigations [58] of minera nutrition of
conifers growing on oil shde mine sites have shown that needles of
Pseudotsuga menziesii, Pinus contorta and Picea pungens had N and P deficit.
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Fig. 3. Adeguate macronutrient concentration in lodgepole pine needlesin Narvain
comparison with the scale elaborated by Ballard and Carter [53]

In the samples collected in 2004 the concentration of phosphorus in the
needles of Scots pine in the two sites was 0.11% and 0.096%. Considering
the scales of needle P concentrations by Ingestad [50], Wehrmann [51] and
Brakke, Salih [52] (Table 2), we can say that current-year needles of Scots
pine suffer a severe P deficiency. A study by Kaar and Raid [41] aso
showed that the concentration of P in the needles of Scots pine on the
detritus of Narva opencast is not over 0.16%.

The concentration of P in the needles of lodgepole pine growing in the
Narva opencast mine was only 0.072% and 0.078% of dry wt. (Fig. 3),
which should indicate P deficit in the tissues (<0.08% P) [56].

Comparison of the two pine species suggests P deficency in the needles
in both of them. The concentrations of P in spoil detritus were not reflected
in the P concentrations of needles. Consequently, in alkaline substrate P
compounds that are difficult to assimilate by plants are formed. Assimilation
of phosphate ions from soil is the most successful when the pH is 6.5-7.5
[59]. As pH of spoil detritus in the study sites is higher (8.0-8.2), the
alkalinity of the substrate should be considered the reason for P deficit.

An earlier study by Kaar and Raid [41] showed that the pine plantations
were mostly sufficiently supplied with potassium, and the supply of calcium
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and magnesium was high in all opencasts. The results of our study indicated
a deficiency of K in pines. Compared with the scales of Ingestad [50],
Wehrmann [51] and Brakke, Salih [52] (Table2) needles of Scots pine
showed K deficiency. According to Brockley [56] the nutrition of lodgepole
pine can be regarded as optimum when the K concentration is over 0.40%,
while a severe deficiency occurs in case the K concentration in needles is
below 0.30%. According to Ballard and Carter [55] the optimum K con-
centration in needles is 0.40%. Hence, also lodgepole pine plantations suffer
rather severe K deficiency on levelled opencast mines (Fig. 3). Data by
Kérblane [59] and Marschner [33] show that the supply of plants with K is
disturbed at pH 7.5-8.5. Potassium is hard to obtain in arid soil [60]. AsK is
involved in starch formation, translocation of sugars, development of
chlorophyll, protein synthesis, cell division, and growth [61], thus K
deficiency may result in many changes in physiology and metabolic pro-
cesses of trees.

The plantations of Scots pine and lodgepole pine had a sufficient supply
of calcium and magnesium. Comparison of our data with the scales of
optimum concentrations of elements published by Ingestad [50], Wehrmann
[51] and Brakke, Salih [52] (Table 2) shows that the current-year needles of
Scots pine on the sample plots contained optimum amounts of Ca and Mg.
As to lodgepole pine, the concentration of Ca and Mg in the current-year
needles was even higher than optimum (Fig.3) at comparison with the scales
by Ballard and Carter [55] and Brockley [56] (optimum Ca concentration in
needles > 0.10%, Mg > 0.08%). It is known that intensive K accumulation
may be accompanied by inhibited accumulation of Ca and its low con-
centrations in tissues and vice versa [26]. So, at intensive accumulation of
Cainto Scots pine needle tissues falling K concentration was observed.

Ratios of different nutrients in tissues promise to be better indicators of
plant nutrient status than absolute concentrations [62]. Optimum growth of
trees occurs under balanced nutrition conditions [63-65]. It is known that
trees can assimilate nutrients in relatively optimum ratios also from rather
disbalanced and nutrient-poor soils [26]. The ratios of the nutrients
(N : P: K) in the needles of pinesin plantations on opencast detritus did not
vary significantly between the different sampling plots of lodgepole pine
(LPI and LPII) and Scots pine (SPI and SPII). The ratio of N: P: K in the
needles of lodgepole pinewas 1 : 0.06 : 0.16 (LPI) and 1: 0.06 : 0.20 (LPII),
this ratio in the needles of Scots pine was 1:0.09:0.38 (SPlI) and
1:0.08: 0.39 (SPII).

Comparison of the absolute values of the ratios of nutrientsin the needles
of lodgepole pine with the scale of ratios suggested by Brockley [56] as
important indicators of the status of trees alows us to confirm severe
deficiency of P and K and optimum concentration of Mg in the needles of
lodgepole pine growing on opencast detritus. According to Brockley [56]:

*N : P> 13 — moderate to severe P deficiency (our analysis. LPI — 16.0,

LPIl —17.0);
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*N : K > 4.5 —moderate to severe K deficiency (LPI —5.2, LPIl —5.0);

*N : Mg < 15-no Mg deficiency (LPI —5.2, LPII —4.9).

The nutrient concentrations seemed to be low if compared with defined
standards for optimum concentrations based on laboratory experiments with
Scots pine seedlings [50, 51] and on Scots pine forest stands in Finland,
Sweden and Norway [52]. From the other hand, the indicated concentrations
of N and K in the needles of Scots pine growing on opencasts did not differ
from these values obtained in Vaccinium and Oxalis-Myrtillus forest types
[32, 66, 67]. Following from that we can suppose that content of elementsin
the needles of our study areais sufficient for good growth of trees.

Morphological analysis

The morphology of trees is considered in monitoring systems that evaluate
the state of trees in areas under human impact [24, 68]. One of the most
important tests of tree quality is estimation of the biomass and growth para-
meters of assimilating organs — leaves or needles.

From the standpoint of tree productivity an important indicator is needle
mass, which is affected from photosynthesis, metabolism and growth
processes. The better the growth conditions, the heavier are the needles and
the more vigorous is tree growth. Various investigations of fertilizer
consumption reveal that also the length of needles and the dry mass of 100
needle pairs reflect rather well the soil conditions of forest site types [41].
Results of earlier studies of forest plantations on oil shale opencast sites cor-
respond, as to the needle length and dry mass, mostly to plantations in
Cladina site type and partly to Vaccinium vitis-idaea site types[41].

It is known that besides the quality of the substrate also climatic as well
as biotic factors are of importance [69]. According to the literature, in
precipitation-rich years pine needles are characterized by elevated length and
mass values as well as nitrogen and phosphorus concentrations in needles
[59]. In dry years, on the contrary, needles are shorter and lighter, their N
and P concentrations are lower, but they are rich in K. The year 2004 was
rich in precipitation (yearly precipitation amount 820 mm according to data
of the Estonian Meteorological and Hydrological Institute), and it is possible
that this favoured the formation of needle mass. Therefore, studies should be
continued to clarify problems that cropped up.

Our investigations on Narva opencast showed that the average length of
the needles on the main shoots of Scots pine from two sample plots formed
in 2004 was 4.3 and 4.7 cm. From investigations in the same climatic con-
ditions in Lahemaa National Park it is known that the average length of the
needles on the main shoots was 4.5-5.5 cm in 1991-1994 [70, 71]. Results
obtained by us did not differ significantly from the average length of Scots
pine needles in Estonia [72] and other measurements in the same climatic
zone [70, 71]. However, the dry mass of the needles in two stands on the ail
shale opencast was notably smaller (DM of 100 needleswas 1.23 and 1.26 g)
(Fig. 4) than that of the trees measured in Lahemaa National Park in 1990—
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1992 [70]. Still, as compared with the results obtained in a strongly alkalized
area (pH of soil 8.1) near Kunda cement plant (DM of 100 needles on the
main shoots was 0.91 g) [70], the dry mass of needles of pines growing on
the sites of il shale opencast is on average 34% higher.
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Fig. 4. Length of needles and dry mass of 100 needles (mean+SD) of lodgepole pine
and Scots pine in the Narva opencast mine area

Our investigation showed the needles of lodgepole pine to be 1.7 times as
long and 1.9 times as heavy as the needles of Scots pine. This can be
explained by the difference in the genotype. Kishchenko [73] argues that the
annual increment of needles depends on the internal reserves of the organism
and intensity of growth rather than on the length of the growing period.

By use the multiple comparison of means the statistically significant
differences were found between two sample plots for the length of the
needles of lodgepole pine (p < 0.05), but not between two sample plots of
Scots pine (p > 0.05). However, there was a significant difference between
two species of pines (p < 0.05) in the length of needles (Fig. 4). Dry mass of
100 needles analysis showed that the dry masses of needles of a certain
species (both lodgepole pine and Scots pine) in two plots were similar
(p>0.05), but dry masses of 100 needles differed significantly between
species (p < 0.05) (Fig. 4). Correlation analysis revealed a strong relation-
ship between the length and dry mass of the needles of both lodgepole pine
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and Scots pine (LPlI r = 0.66, LPIl r = 0.86, SPI r = 0.73, SPIl r = 0.81,
p < 0.001).

We cannot make any particular conclusions from results of ANOVA as
we do not know if variability of the mass and length of shoots depends on
the sampling point or on tree species. The variability of shoot parameters
between sample plots within species was significant. Comparing the mean
shoot length of two species we can confirm that the shoots of Scots pine
showed a more intensive length increment than lodgepole pine shoots
(p<0.05) (Fig.5). The dry mass of the shoots of the two pine species did
not differ significantly (p > 0.05), but was somewhat higher in the case of
lodgepole pine (Fig. 5).
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Fig. 5. Length of shoots and dry mass of shoots (mean+SD) of lodgepole pine and
Scots pine in the Narva opencast mine area

Our investigations showed that lodgepole pine and Scots pine differ in
their needle and shoot biomass as lodgepole pine formed longer and heavier
needles and shorter and thicker shoots than Scots pine. Possible reasons for
the superior growth rate of lodgepole pine compared to Scots pine were
investigated in Sweden. Norgren [74] showed that lodgepole pine seedlings
had greater mass than those of Scots pine of the same age. The growth
analysis showed that the faster relative growth rate in lodgepole pine
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seedlings was linked with a higher leaf area and nitrogen use efficiency.
From research in Sweden it is known that lodgepole pine is estimated to
produce 36% more wood than Scots pine and it survives better in the young
stages, but is less stable against wind and snow |oad after being planted [75].
This higher stemwood production can be achieved through a faster rate of
total biomass production or by allocating a larger proportion of the biomass
produced to stem growth [74]. Comparison of the mean annual increment of
height and diameter of lodgepole pine and Scots pine showed no differences
between the studied species (p>0.05).

Conclusions

The levelled and skeletal calcareous detritus of oil shale opencast sites is
characterized by unsuitably high pH > 8 and disbalanced nutrition substrate
for the growth of trees. Extreme growth conditions affect the physiological
state of trees, especially mineral nutrition processes. Because of the alkaline
pH of the growth substrate elevated amounts of Ca and Mg and deficit of N,
P and K developed in the tissues of needles. Differences were revealed
between the two species investigated, which were due to differences in the
metabolism and demand of nutrients. Scots pine accumulates larger amounts
of P, K and Cathan lodgepole pine. Therelatively stableratioof N: P: K in
the needles of pines on different sample plots indicated their ability to obtain
mineral nutrients from soil in balanced ratios.

L odgepole pine had greater needle mass and length, shorter and thicker
shoots than Scots pine. According to the mean annual increment of height
and diameter lodgepole pine and Scots pine did not differ essentially.

In spite of unfavourable soil conditions (stony substrate, too high pH for
successful assimilation of phosphorus, low N reserved, disturbed water
regime), stands on abandoned levelled opencast mines show good growth. In
general we may say that although the reaction of detritusin opencast sitesis
not suitable for optimum growth of several tree species, Scots pine and
lodgepole pine can grow there. From a practical point of view and con-
sidering the necessity to avoid Scots pine monocultures in recultivation pro-
cesses, |odgepole pine may be suitable to grow in post-mining landscapes.

In recent years, interest in rehabilitating the land disturbed by mining
activity has grown from the point of species selection. Rehabilitation of
degraded landscapes needs research for identification of stress-tolerant plant
species having a positive influence on soil fertility and for maximizing
ecosystem productivity under a wide range of degraded site conditions. The
current research needs to be continued and more investigation is needed for
final conclusions.
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