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Introduction

Afforestation of steppes should become the basis for creating 
an environmentally sustainable environment, a basic element 
in preventing destructive phenomena and processes that are 
characteristic of the steppe (Furdichko, 2006; Çalişkan, Boydak, 
2017). Under these conditions forests perform important func-
tions of environmental optimization, environmental regulation, 
and environmental protection, i.e., erosion control, soil protec-
tion, and hydrological regulation.

Complex and varied forest-growth conditions on the slopes 
of the ravines (exposition, steepness, class of soil removal, differ-
ent water and temperature regimes, etc.) require careful selection 
of wood species for the creation of this type of forest plantation 
(Moroz, 1972; Gorejko, 1992). It is the woody plants that have a 
well-developed above-ground part and a powerful root system 
that fixes erosion, should play a significant role in the transfor-
mation of the surface runoff into the base runoff.

The slopes of the ravines are mostly planted with soboliferous 
wood and bush species (Robinia pseudoacacia L., Alnus incana 
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Abstract

Bessonova V., Yusypiva T.: Physiological parameters of the Pinus pallasiana D. Don in different forest-growth conditions in Ravine Viyskovyi. Ekoló-
gia (Bratislava), Vol. 40, No. 2,  p. 137–144, 2021. 

The influence of different forest-growth conditions on the ecological and physiological parameters of Pinus pallasiana D. Don plants growing in anti-
erosion planting is investigated. The experimental sites are located in the thalweg (test area 1) and on the slope of southern exposure in the lower, 
middle, and upper parts (test areas 2–4) of Ravine Viyskovyi (steppe zone of Ukraine). Forest-growth conditions are clay-loam soil (CL2) (mesophilic, 
fresh soil), СL1–2 (xeromesophilic, rather fresh), СL1 (mesoxerophilic, somewhat dry or semi-arid), and СL0–1 (xerophilic, arid) correspondently. It 
was shown that the growth rates of trees, the growth rate of lateral (scaffold) branches in length and thickness, needle-packing coefficient, and needle 
surface area of annual shoots are maximal in P. pallasianа in the thalweg in conditions of the best water supply and minimal in arid and semi-arid 
conditions of growth. The research revealed that the highest content of total water in the needles is characteristic of plants of fresh forest plant condi-
tions and the smallest in arid and semi-arid areas (test areas 3 and 4), which is consistent with the forest-vegetation conditions.
Sufficient contents of potassium, calcium, and magnesium in all areas and phosphorus in three areas except the middle part of the slope were found in 
the needles of P. pallasianа. However, insufficient content of nitrogen was found in the needles, especially in the trees of the middle part of the slope, 
which, together with low water supply, could cause the most significant slowdown in the growth of P. pallasianа plants precisely on this experimental 
site. A correlation was established between the indices of plant growth and the content of water and nutrients.

Key words: ravine, Pinus pallasiana D. Don, forest-growth conditions, growth of shoots, needle, contents of nutrients.

(L.) Moench., Hippophae rhamnoides L., Elaeagnus angustifolia 
L., Prunus spinosa L., etc.). Nevertheless, conifers are often used, 
because they are tolerant to drought tolerance and can adapt to 
different soil fertility (Gorejko, 1992). The experience of using 
coniferous plants on eroded slopes suggests that they are charac-
terized by high meliorative properties due to their rapid growth, 
soil-fixing ability of roots, and the formation of a powerful forest 
litter (Moroz, 1972; Olkhovsky, 1984).

Morozov (1931) defines pine as an evident xerophyte, as it 
needs little water, it has small surface of the foliar organs due to 
the very shape of a needle and its anatomical structure, and, on 
the other hand, it has a large area of the root system. However, 
the task of using Pinus pallasiana in anti-erosion plantations of 
the Northern Steppe of Ukraine has not been studied. For com-
prehensive environmental monitoring of forest plantations us-
ing this species, not only forest-map examination but also physi-
ological analysis of the vitality of plants is required.

The purpose of this study is to compare physiological param-
eters of Pinus pallasiana such as the growth of the tree and lateral 
branches growth, the content of the total water, and elements of 
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mineral nutrition in the needles in correlation with the growth in 
various forest-growth conditions of anti-erosion plantings.

Material and methods

The research was conducted in Ravine Viyskovyi, which is locat-
ed on the right side of the Dnipro river near Viyskove village in 

Solonyansky district of the Dnipropetrovsk region. It preserved 
both natural forest phytocenoses and artificial anti-erosion forest 
stands (Bessonova et al., 2015, 2018a,b).

The research object was the planting of Pinus pallasiana on 
the slope of the southern exposure. Forest plantings are created 
on terraces, perpendicular to the surface of the slope of the ra-
vine. Age of planting is 25–27 years.

 

 

Fig. 1. Average height of the P. pallasianа plants in different forest-growth conditions: 1, 2, 3, 4 

– test areas. 
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Fig. 1. Average diameter of the P. pallasianа plants in different forest-growth conditions: 1, 2, 3, 

4 – test areas. 
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Fig. 2. Multitrunk trees in test area 1 (thalweg).

Fig. 1. Average height and average diameter of the P. pallasianа plants in different forest-growth conditions: 1, 2, 3, 4 – test areas.
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Any ravine is a very complex from the microclimatic point 
of view. According to Belgard (1971), the microclimate of a ra-
vine changes literally at every step. The slopes of the southern 
exposure have the most pronounced continental climate; they 
are warmer and drier and characterized by more stringent forest 
planting conditions.

The climate of the region is characterized by high levels of so-
lar radiation and summer droughts (Tsvetkova, 2013). In the con-
text of global warming (Hughes, 2000; Aber et al., 2001; Walther, 
2003), a hydrothermal trend can greatly aggravate the growth of 
plants. The most optimal forest-growth conditions are formed in 
the thalweg and the lower part of the slope, where the moisture 
conditions are better. In the upper parts of the slope, the dryness of 
soils increases (Belgard, 1950). It should be noted that the summer 
months in the study area are characterized by a small amount of 
precipitation (around 420–450 mm) and prolonged sunny periods 
without rain. Moisture factor is 0.67. In the period of July–Sep-
tember of the experimental period, there was almost no rain.

The experimental plots were selected in different forest-
growth conditions. Test area 1 is located in the thalweg on its 
slightly elevated flat part at a distance of about 35 m from the 
stream, which flows in a well with a depth of 2 m. The soil mois-
ture of this site is ground and atmospheric. Forest-growth condi-
tions are CL2 (mesophilic, fresh). The second, third, and fourth 
test sites are located in the lower, middle, and upper parts of the 
slope, respectively. The types of forest-growth conditions are 
СL1–2 (xeromesophilic, rather fresh), СL1 (mesoxerophilic, some-
what dry, or semi-arid), and СL0–1 (xerophilic, arid) (Belgard, 
1971; Tsvetkova, 2013), respectively. The other characteristics are 
atmospheric-transit moistening; the mechanical composition of 
the soil is clay loam; and soil is ordinary black soil, low humus, 
mildly alkaline, high carbonate soil, medium loamy on wood 
loams, medium washed off (Belgard, 1971). 

Measurements of the diameter of the trunks were carried out 
at an altitude of 1.3 m with a dimensional fork of height with 
an altimeter. The average height and average diameter of the 
treestands of experimental areas were calculated according to 
Anuchin (1982).

Parameters such as the annual growth of trees, the length of 
annual shoots, and the number of pairs of needles on them were 
determined. The relative needle packing of annual shoots (the 
number of needles per cm of the length of the shoots) was cal-
culated (Tarkhanov, Biryukov, 2012). The annual growth of trees 
was measured on 20 model trees, the growth of shoots in these 
trees, on 5 model branches, and coverage on 100 one-year incre-
ments in September. The needles for determining the amount 
of total water were taken during the spring-summer period. Its 
content was calculated as a percentage (%) on the wet weight 
(Hrytsaenko et al., 2003). The drying was carried out at the tem-
perature of 105 °C in a drying cabinet.

The content of phosphorus, potassium, and nitrogen was de-
termined from one analytical test (Karasyuk et al., 2001): phos-
phorus and nitrogen by photocolorimetric method on KFK-3-
01-ZOMS (phosphorus with iron-molybdate reagent, nitrogen 
with Nessler’s reagent) and potassium by photometric method 
using Flame Photometer Jenway PFP 7. The content of magnesi-
um and calcium was determined per one specimen by volumet-
ric method (Bessonova, 2001). Samples of needles for analysis 
were taken from the southeastern side of the crown at an altitude 
of 2 m.

The results of the experiment were processed with mathe-
matical statistics method using Microsoft Office Excel 2007. The 
arithmetic mean error was calculated. Student’s t-test (p < 0.05) 
was used to compare the indices in different forest-growth con-
ditions.

Results and discussion

Indices of average height and average diameter of trunks are 
greatest in the trees of the lower third of the slope (Fig. 1). It is 
impossible to estimate them in the thalweg properly. This is due 
to the fact that because of anthropogenic interference in most of 
the trees in this area, the trunk was cut off at its base. After that, 
2–3 lower branches changed the direction of growth and took on 
the role of trunks (Fig. 2). Usually, each of them is thinner than 
the trunks of plants in other areas. As shown in Fig. 2, the upper 
parts of the trunks continue to be cut. In the middle and upper 
areas of the slope, these figures are lower than those in the lower 
area. The difference between the data obtained in these two areas 
is insignificant, although, as indicated earlier, on the upper area 
of the slope (Bessonova et al., 2015), there are more trees, which 
are slightly taller and have a larger diameter than there are in the 
middle area, despite less humid soil. 

Height growth rate of P. pallasianа trees was different in ex-
perimental areas (Table 1). It was the largest in plants in the thal-
weg but somewhat lower in the lower area of the slope. Annual 
growth rate is much lower in test areas 3 and 4, especially in area 
3 (the average part of the slope is 65.8% and 76.0%, respectively, 
with respect to the given index in plants of thalweg). A similar 
pattern was observed when comparing annual increments of lat-
eral branches of the trees in different forest-growth conditions 
(Table 1). They were the highest in the best soil moisture condi-
tions (thalweg) and the lowest in the middle and upper areas of 
the slope. In these test areas, the length branch growth rate was 
51.1%, which makes only 52.3% of the indicator in the trees of 
thalweg. The difference between the increments of annual shoot 
growth of trees in these areas is statistically insignificant. The dif-
ference between the values of the thickness of one-year shoots 
on experimental sites is less than the value of their length incre-
ments; it does not show significant difference from the reference 
value in the plants in the lower area of the slope (Table 1).

Our data are consistent with the results obtained by Shvets 
(2010), who states that the conditions of the fresh hump are suf-
ficiently comfortable for P. pallasianа plantations, since in them 
the average wood stock is somewhat higher than that in other 
forest-growth conditions, as forest stands grow faster.

Significantly greater differences in the trees in the areas with 
different water supply were found in values of amount of nee-
dles on the annual increment. The maximum number bundles of 
needles is found on the plants in the thalweg. In the other areas 
of the slope, it is much lower, with the lowest number in the low 
area – 1.63 times, the average area – 3.12 times, and the upper 
area – 2.52 times, compared with the values in the thalweg. The 
needle-packing coefficient is also the largest in plants of thalweg 
and the lowest in the trees of the middle part of the slope. Differ-
ences in the needle-packing coefficient values in the bottom and 
upper areas of the slope compared to those in the thalweg plants 
are insignificant at p < 0.05. The surface area of the needle on the 
annual shoot is also the highest in the plants of thalweg and the 
smallest in the trees in test areas 2 and 3 (23.1 and 25.9%, as com-
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pared to the indicator in the thalweg). Such a significant decrease 
in the assimilation surface may be one of the causes of inhibition 
of the photosynthetic function of plants in stressful conditions 
of existence, taking into account simultaneous reduction of the 
content of the main and auxiliary pigments of photosynthesis in 
the needles of trees in arid locations (Table 2).

Plant growth and development is known to be dependent on 
water supply. The water content and its properties are of great im-
portance, and changes in these parameters should strongly affect 
the life of plants in general (Correia et al., 2001; Colom, Vazzana, 
2001). The effect of adverse conditions of humidification on the 
water regime of plants can be direct due to the decrease in the 
amount of free water content in the tissues (Zaitseva, Syrovatko, 
2016), as well as changes in metabolism (Samuilov, 1971). Con-
sequently, the analysis of the total water content in the tissues, 
although it does not fully reflect changes in water metabolism, 
provides an opportunity to understand how the adverse condi-
tions of moisture affect the maintenance of the water supply of 
the pine needles of P. pallasianа.

Comparison of the amount of total water content in the 
needles of P. pallasiana in the test areas (Table 3) indicates that 
it is the highest in the plants of the thalweg, where the type of 
moistening is ground and atmospheric (СL2). On this site, the 
slightest fluctuations of the needle water supply rate during the 
experimental period are observed. Somewhat larger changes in 
this index occur in the trees at the bottom of the slope (СL1–2). 
The moisture content varies from 51.0 to 57.4%. The most sig-
nificant changes in the amount of total water are observed in the 
needles of trees growing in the upper and middle areas of the 
slope (forest-growth conditions CL1–СL0–1).

As Table 3 shows, the needles of the plants on the upper slope 
are characterized by the minimum moisture content, although 
the difference with the data obtained in the trees of the middle 
area of the slope is small. Soil aridity index causes a decrease in 
the total water content in the P. pallasiana needles on experimen-
tal sites, especially in dry forest-growth conditions. Velinova and 

Naydenova (2008) ascertained that due to insufficient moisture 
content, there was a decrease in the water content of P.  sylves-
tris  L. and P. nigra Arn. and to a greater extent of P.  sylvestris. 
Other researchers (Fotelli et al., 2000; Bessonova et al., 1975, 
2016) indicate the decrease in moisture content in the leaves of 
plants as the water supply of soil drops.

Water scarcity stress, permanent or temporary, limits plant 
growth significantly more than other environmental factors 
(Chao et al., 2008; Ponomaryova et al., 2009). Zahner and Don-
nely (1967) established correlations between the height and 
thickness growth of P. resinosa Sol. ex Aiton and the amount of 
available water. In the conditions of water shortage, plant growth 
is suppressed (Smirnoff, 1998) at different levels from cell to gen-
eral (Colom, Vazzana, 2001). According to Ponomaryova et al. 
(2009), the most optimal value of moisture content of conifers 
in the experiment is the range between the lowest moisture con-
tent and the discontinuous capillary moisture. Reduced moisture 
content below discontinuous capillary moisture values negatively 
affects the growth and anatomical structure of trees. Prolonged 
water shortage reduces the growth of leaves of many plant spe-
cies (Thakur, Kaur, 2001; Thakur, Sood, 2005), causing formation 
of smaller size of leaves (Pane, Golstein, 2001). Similar results of 
the influence of different water supply on plant growth processes 
were obtained in our study. This applies both to the suppres-
sion of the height growth of trees, and the annual increment of 
branches, the number of needles on them, and the area of needles 
on the annual increment of shoots.

In forest soils, it often happens that there is a shortage of 
physiologically available compounds of nitrogen, phosphorus, 
and potassium, sometimes magnesium (Pietrzykowski et al., 
2013; Rausch,  Bucher, 2002). Mineral nutrition plays a signifi-
cant role in the growth and productivity of forest crops (Mercado 
et al., 2017). The smallest values of the thickness of the annual 
ring and the share of late wood of P.  sylvestris are characteris-
tic for the treestands, which grow on non-fertile soils, compared 
with the treestands on the soils of low and high fertility (Aleinik-

Test area Height growth 
increment, сm

(n = 20)

% of the 
value in the 

thalweg

Length increment of 
lateral branches, cm

(n = 100)

% of the 
value in the 

thalweg

Thickness of the one-year 
shoot increment, mm

(n = 100)

% of the 
value in 

the thalweg
Test area 1  37.51±0.79 14.20±0.63 6.44 ± 0.21
Test area 2 34.32±0.54* 91.5   10.84±0.52* 76.3 5.87 ± 0.25 91.1
Test area 3 24.70±0.80* 65.8 7.25±0.40* 51.1   4.51 ± 0.17* 70.0
Test area 4 28.51±0.61* 76.0 7.42±0.32* 52.3   5.32 ± 0.18* 82.6

Test area Number of bundles of needles on annual 
increment, units

Needle-packing coefficient Needle surface area on annual shoot, 
cm2

Test area 1 86.90 ± 3.21 6.15 ± 1.12 4096.46 ± 312.21
Test area 2 53.30 ± 2.14* 4.92 ± 0.45 2105.83 ± 193.17*
Test area 3 27.81 ± 1.17* 3.86 ± 0.30* 944.98 ± 78.84*
Test area 4 34.48 ± 2.42* 4.64 ± 0.22 1060.26 ± 101.69

Note: *Differ significantly from test area 1 (p < 0.05). 

Table 1. Annual height growth of trees increment of lateral branches of P. pallasianа in different forest-growth conditions (M ± m).

Note: *Differ significantly from test area 1 (p < 0.05). 

Table 2. Influence of forest-growth conditions on needle-packing rate of the shoots of P. pallasianа (M ± m, n = 100).
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ovas, Grigaliūnas, 2006). Mineral elements are either structural 
components of functional systems (photosynthetic apparatus, 
respiratory chain, protein synthesis centers, and other important 
compounds) or a component of enzyme systems responsible for 
the functioning of these systems, or their cofactors (Hawkesford 
et al., 2012; Netzer et al., 2018; Tang et al., 2018).

The amount of mineral substances in organs of tree plants is 
influenced by the conditions of growth, especially the moisture 
content in the soil (Lir et al., 1974). Odukalets and Musienko 
(2012) indicate that the state of P. sylvestris in anti-erosion plant-
ings depends on the content of the mineral elements of the soil 
and the ability of plants to absorb them, which is determined by 
the age of the plants, the exposure of the slope, and type of soil.

Leaf diagnostics is often used as a means of studying the nutri-
tional status of trees (Shcherbakov, 1964; Churagulova, 2004; Yan 

et al., 2016). According to our data (Table 4), phosphorus content 
showed the most diverse values among all mineral nutrition ele-
ments in the needles of plants of different forest-growth conditions. 
The highest amount of this element is in the plants of the thalweg. 
The minimum value (59.4% of that in the thalweg) is determined in 
the trees of the middle part of the slope, which is explained by the 
greatest soil removal. Needles of the upper part of the slope contain 
slightly more phosphorus than in its middle area.

The content of other elements presents a similar pattern. 
Thus, the amount of nitrogen in the needles in the middle part of 
the slope is 62.6% of the values in the thalweg, while the upper 
one it is 74.4%, and for magnesium, these figures are 65.5 and 
75.9%, respectively (Fig. 3). The contents of potassium and cal-
cium show a smaller difference between the test areas. The dif-
ference in the concentration of investigated elements of mineral 

Test area May June July August September
Test area 1 59.25±1.20 57.61±0.85 55.42±0.72 54.30 ± 0.84 56.81±0.67
Test area 2 57.36±0.80 55.54±0.72 52.50±0.81 50.00±0.65* 53.11±0.63*
Test area 3 50.12±1.27* 49.30±0.61* 49.60±0.64* 47.31±0.72* 49.70±0.60*
Test area 4 49.11±0.63* 47.32±0.56* 47.16±0.71* 45.36±0.66* 47.62±0.64*

Note: *Differ significantly from test area 1 (p < 0.05).

Test area N P K Mg Ca
Test area 1 2.11 ± 0.10 0.32 ± 0.02 1.63 ± 0.09 0.29 ± 0.01 0.72 ± 0.02
Test area 2 1.85 ± 0.11 0.27 ± 0.04 1.46 ± 0.11 0.24 ± 0.02 0.72 ± 0.03
Test area 3 1.32 ± 0.09* 0.19 ± 0.02* 1.10 ± 0.10* 0.19 ± 0.02* 0.53 ± 0.03*
Test area 4 1.57 ± 0.07* 0.24 ± 0.01* 1.32 ± 0.08* 0.22 ± 0.02* 0.64 ± 0.02*

Table 3. Influence of forest-growth conditions on water content in the needles of P. pallasianа, % of the wet weight (M ± m, n = 4).

Note: *Differ significantly from test area 1 (p < 0.05).

Table 4. Influence of forest-growth conditions on the content of nutrients in the needles of P. pallasianа, % oven-dry weight (M ± m, n = 4).

Fig. 3. Influence of forest-growth conditions on the content of nutrients in the needles of P. pallasianа, % of the value in the thalweg.
 

Fig. 3. Influence of forest-growth conditions on the content of nutrients in the needles of 
P. pallasianа, % of the value in the thalweg. 

0

20

40

60

80

100

120

N P K Mg Ca

El
em

en
t c

on
te

nt
 in

 n
ee

dl
es

, %
 o

f 
th

e 
el

em
en

t c
on

te
nt

 in
 th

e 
th

al
w

eg

Test area 2 Test area 3 Test area 4

Ekológia (Bratislava) 2021: 40(2): 137–144

file:///G:/Dokumenty/Pr%c3%a1ca/Zalamovanie/Ekologia/Ekologia_2021_02/javascript:;


142

nutrition in the needles of plants in the lower part of the slope 
and the thalweg is insignificant at p < 0.05.

Some scholars indicate the optimal concentrations of nutri-
ents in the leaves and needles of certain tree species (Mitchell, 
1939; Tamm, 1956; Ingеstad, 1962; Wehrmann, 1963). The op-
timal concentrations of nutrients in needles for the growth of P. 
strobus L. seedlings are 2.50–3.26% for nitrogen, 0.28–0.33% for 
calcium, 1.50–1.72% for potassium, and 0.56–0.67% for phos-
phorus of oven-dry weight (Mitchell, 1939). At lower concentra-
tions, there were symptoms of a lack of nutrition elements. The 
values of the content of nitrogen and some other elements are re-
vealed which impair the growth of P. sylvestris, Picea abies Karst., 
and Betula verrucosa Ehrh. because of their lack in the soil. These 
values are nitrogen 0.90–1.8%, phosphorus 0.07–0.10%, calcium 
0.02–0.09%, magnesium 0.09–0.13%, and potassium 0.30–0.70% 
(Ingеstad, 1962).

According to other scholars, the contents of spruce needles 
P – 0.05–0.11%, Mg – 0.02–0.07%, and K – 0.15–0.33% are con-
sidered insufficient for normal growth of the treestand (Tamm, 
1956; Wehrmann, 1963). The dependence between the content of 
nitrogen in the needles and the productivity of pine forests was 
proven (Wehrmann, 1963): productivity is very good 1.80% of 
oven-dry weight, moderately good 1.70–1.40%, and poor 1.30%. 
Churagulova (2004), analyzing the needs of P. sylvestris, Larix su-
kaczewii Djil., and Picea obovata Ledeb. in the elements of min-
eral nutrition, made a conclusion that the good growth of trees 
is provided by approximately the concentrations of elements in 
needle tissues (%) as follows: nitrogen > 2.40–2.80, potassium 
> 0.40–0.60, and phosphorus > 0.50–0.80. Landis, Haase, and 
Dumroese (2005) for conifer seedlings found that the optimal 
concentrations (%) in needles are N –1.20–2.0, K – 0.30–0.80, 
P – 0.10–0.20, Сa – 0.20–0.50, and Mg – 0.10–0.15.

Proceeding from the range of concentrations of the ele-
ments given in the research works cited above, the nitrogen 
supply of the P. pallasiana needles growing in the thalweg and 
the lower part of the slope can be considered sufficient, and 
moderate in test areas 3 and 4 (on the Wehrmann scale, 1963). 
However, Ingеstad (1962), Tamm (1956), Churagulova (2004) 
consider these values of the nitrogen supply insufficient for 
normal growth of the treestands. The amount of potassium in 
the needles of trees in all areas can be considered sufficient, 
although the data on the optimal content of this element in dif-
ferent papers are significantly different. None of the test areas 
showed a lack of calcium and magnesium. The content of these 
elements in the needles of P.  pallasiana in all forest-growth 
conditions is within the range of concentrations given in liter-
ary sources as normal.

Comparison of the content of phosphorus with optimal val-
ues, indicated by other authors, suggests that it is relatively low 
only in the needles of trees in the middle part of the slope. Due 
to the important role of phosphorus in the life of plants, the lack 
of an element can be one of the causes of inhibition of growth 
processes of P. pallasiana precisely at the test area 3 compared to 
the indicators in the trees of thalweg. Wu et al. (2003) found dif-
ferential patterns of gene expression in the vegetative organs of 
Arabidopsis plants for lack of phosphorus. Schwartau et al. (2009) 
note the presence of various adaptive responses in plants in re-
sponse to phosphorus deficiency, manifested at different levels of 
the organization; genetic, molecular, biochemical, physiological, 
and morphological changes are detected.

Therefore, the leaf diagnosis indicates that there is sufficient 
content in the needles of P. pallasiana of such elements as potas-
sium, calcium, magnesium and in three test areas that of phos-
phorus. The concentration of nitrogen can be viewed as insuf-
ficient in the needles of plants on the middle and upper parts of 
the slope (especially on the middle one) and of phosphorus in 
the middle area of the slope.

The research by Shcherbakov (1964) showed that there is a 
correlation between nitrogen content in the needles of last year’s 
shoots and the tree growth increment values. However, it did 
not reveal the relationship between phosphorus content and tree 
productivity, although Wehrmann (1963) determined that as 
forest-site capacity increases, the amount of phosphorus in the 
needles increases too. 

Thus, if in test areas 3 and 4, especially 4, the limiting factor 
of tree growth may be low moisture content of soil; then in test 
area site 3, it is also the lack of nitrogen and phosphorus in nee-
dles. This can be explained by the fact that for somewhat lower 
moisture content of soil in the upper area of the slope, some in-
dicators of growth in the trees of this area are better than those 
in the middle part. In general, despite the inhibition of growth 
in test areas 3 and 4, the condition of the treestands there can be 
considered as satisfactory, which indicates quite a high level of 
adaptation of P. pallasiana to the difficult conditions of growth 
in anti-erosion planting on the slope of the southern exposure.

Conclusion

Indicators of tree growth increment of P. pallasianа, length in-
crement of lateral branches, and thickness of annual growth of 
shoots are maximal in the thalweg in conditions of the best wa-
ter supply and the minimum in dry and semi-arid forest-growth 
conditions (test areas 3 and 4). At these sites, there is a minimum 
needle packing of annual shoots.

The content of total water in the needles P. pallasianа is con-
sistent with the soil moisture supply. It is the highest in plants in 
fresh forest-growth conditions (СL2) and the smallest in the dry 
area (СL0), despite the fact that the pine is a pronounced xero-
phyte.

Leaf diagnostics testifies to the sufficient content of such ele-
ments in needles as potassium, calcium, and magnesium in all 
test areas and that of phosphorus in three areas except for the 
middle part of the slope. The concentration of nitrogen can be 
considered as insufficient in the needles of plants on the mid-
dle and upper parts of the slope, especially the middle one. Low 
moisture content in these areas and the lack of nitrogen, the 
most important element, can be the cause of growth retardation. 
Needles of the upper part of the slope are worse supplied with 
moisture, but better with nitrogen and phosphorus than in its 
middle area, which may be the cause of lower growth rates of 
plants in the latter.
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