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Abstract

The results of long-term dendrochronological investigation of Scots pine (Pinus sylvestris L.) growth and condition
in the impact zone of one of the biggest air pollution sources in Lithuania as cement plant “Akmenés Cementas” are
presented. Conifers are especially sensitive to environmental pollution. As an anatomical indicator of anatomical indicator
of tree vitality, annual radial increment of trees was examined. The dynamics of the annual radial increment is influenced
by the main climatic parameters (air temperature and amount of precipitation) as well as environmental pollution. The
main attention was concentrated to assessment of the complex impact of climatic factors and industrial pollution on the
radial increment of pine stands growing at different distances from the plant. Results of investigation and climate response
models have shown that closest pine stands have suffered the strongest pollution impact, while the furthest pine stands

were affected only by natural factors.
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Introduction

Forest ecosystems cover one third of land and
produce almost two thirds of organic material, there-
fore they influence ecosphere essentially. Forests are
important ecologically and environmentally — the ac-
cumulation role of the forests in the CO, balance is
exclusive. Trees are considered one of the most sen-
sitive indicators of the environmental condition from
all life forms. They are most suitable for the evalua-
tion of environmental changes. Due to the structure
of crown, trees have better contact with the atmos-
phere, so they filter the flowing air mass better than
other vegetation forms and consequently indicate the
state of the forest ecosystems by anatomical and
morphological features. Trees determine the process-
es in the ecosphere and react sensitively to the im-
pact of anthropogenic factors. Therefore they inte-
grate the impact of climate and pollution (Stravinskiené
2002, 2005).

Forest ecosystems growing close to the pollution
source suffer the greatest impact, because the concen-
tration of harmful materials often exceeds the permis-
sible limits. The extent of damage on trees is deter-
mined by the concentration of pollutants as well as

duration of their impact. An increase in the amount of
certain pollutants and change of growing conditions
in the polluted surroundings affect forests directly,
cause various morphological, physiological and chem-
ical changes, the result of which is the slow down of
tree growth, decline of its condition or even death.

Tree-ring width and structure is an important in-
dicator of environmental pollution (Innes 1993, Juknys
et al. 2002, Stravinskiené 2002). During dendrochrono-
logical research it was found that tree-ring width and
structure are highly dependent on climate variations
and technogenic environmental pollution (Schweingru-
ber 1996, Stravinskiené 2002, Juknys et al. 2002, 2003)
as well as on habitat conditions, microrelief, tree spe-
cies, and individual characteristics of trees. Therefore
tree rings and their width and structure, integrally
reflect the impact of all environmental factors by ac-
cumulating the information about environmental proc-
esses during the growth (Ozolin¢ius 1994), and are
excellent indicators of the changes in environmental
condition.

The objectives of investigation were to analyse
the impact of climatic factors on the formation of the
annual radial increment of pines in relatively clean
environment; to determine possible effects of local
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pollution on the annual radial increment and to inves-
tigate the complex impact of climatic factors and in-
dustrial pollution on the radial growth of pine stands
in the zone of local pollution.

Materials and methods

Scots pine (Pinus sylvestris L.) stands in the sur-
roundings of the cement plant “Akmenés cementas”
at different distances from the pollution source were
chosen as the objects of investigation. Pine was cho-
sen because it is the most widespread tree species in
Lithuania, and forests, where pine dominates, comprise
36.2 % of total forest area.

“Akmenés Cementas” is situated in the northern
part of Lithuania. It began operating in 1952. In the
beginning of the 1970s, the plant emitted 27 thousand
tons of SO, 9-10 thousand tons of cement dust, 8.5
thousand tons of NO, 1 thousand tons of ashes and
other solid particles into the atmosphere annually
(Armolaitis et al. 1999) (Figure 1). At the beginning
of the 1990s, due to the industrial decline and mod-
ernization of technologies emissions decreased grad-
ually. In 1989-1991, the emissions amounted to 60-70
thousand tons and abated to approximately 3 thousand
tons in recent years.
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Figure 1. Total annual emissions of “Akmenés cementas”
plant in 1952-2006

Research has been performed in the 65-80-year-
old pine stands of Vaccinio-myrtillo-Pinetum forest
type at different distances (up to 5 km, 5-10 km and
further than 10 km) from the plant in the direction of
prevailing winds. Extent of the research is 20 sample
plots, where 548 trees were evaluated (28 trees on
average in each sample plot). Non-fertile and acidic (pH
3.5) drained peat-bog soils dominate on the investi-
gated sites (D).

Methods of tree ring analysis. Annual radial in-
crement was chosen as the main indicator of tree con-

dition and its changes. Wood samples from selected
pines of I and II class according to Kraft‘s classifica-
tion were taken by Pressler‘s borer in each sample plot
at 1.3 m height from a root collar. Dry wood samples
were soaked in water for 2-4 hours, so that annual rings
regain their former width. To make the contours of early
and latewood more visible, one side of the sample was
cut by a special knife. For annual radial increment
measurement and tree ring structure assessment LINT-
AB tree-ring measuring table and WinTSAP 0.30 com-
puter program (F. Rinn Engineering Office and Distri-
bution, Heidelberg) were used. Tree-ring widths were
measured with accuracy of 0.001 mm.

Synchronization of annual radial increment se-
ries. Dating quality and synchronity of radial incre-
ment series were evaluated by COFECHA 3.00P pro-
gram from the ITRDB (International Tree Ring Data
Bank) Program Library (R. L. Holmes, Tucson) (Holm-
es 1994). Tree-ring series or their parts with asynchro-
nous growth were eliminated from the next stages of
analysis (10 % on average in each sample plot).

Indexation of annual radial increment series. The
width of tree rings depends not only on climate but
also on other environmental factors: forest fires, dis-
eases, stand density, tree crown and its changes, and
tree competition in the stand (Briker 1992, Schwein-
gruber 1996). Tree age also influences the width of tree
rings: rings of a young tree are relatively wide and rings
of an older tree are narrower (Cook ef al. 1990, Stra-
vinskiené 2002). Standardisation of annual radial in-
crement data was carried out in order to eliminate the
tree age influence on radial increment and to reveal
the increment dynamics depending on climate varia-
tion. The age trend was removed by using a negative
exponential curve.

Statistical data analysis. The chronologies of the
radial increment at different distances from the plant
were statistically compared by ANOVA (Fisher criteri-
on F). Differences were considered statistically sig-
nificant at p<0.05 (F<F ). In the cases of significant
effects, the differences between each pair of chronol-
ogies were investigated by pairwise ¢-test for inde-
pendent samples. Radial increment series x was con-
sidered statistically significantly less than radial in-
crement series y at p<0.05 (¢<¢,) (Student’s criterion)
(Cekanavigius and Murauskas 2000, Vencloviené 2000).
Pearson correlation analysis was applied for the de-
termination of relations between the radial increment
and climatic as well as anthropogenic factors. Multi-
ple regression analysis (Cekanavi¢ius and Murauskas
2002) was used to determine the factors causing the
changes in the radial increment and to evaluate the
extent of these changes. The form of function used
for the formation of the models is:
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y=a+bixy tbyx, +..+byx; (D

where: y — the dependent variable; x — the independ-
ent variable; a and b — non-standardized regression
coefficients.

Non-standardized b coefficients do not allow the
intercomparison of the variables and determination of
their relative relevance when calculating y values,
because the magnitude of » depends on the dimen-
sion of x, and the scatter of data. Relative influence
of independent variables (pollution components) to the
dependent variable (annual radial increment) is de-
scribed by the standardized regression function coef-
ficients f. The greater the absolute value of S, the
stronger y dependence on x, (Cekanavi¢ius and Mu-
rauskas 2002).

Results

Influence of air temperature and precipitation on
the formation of annual radial increment. Control
stand with analogical biometric characteristics grow-
ing in relatively unpolluted environment 12 km south-
west from the plant was chosen for the determination
of relations between the radial increment and climatic
factors. Long-term air temperature and precipitation
data of the last year’s January-December and current
year’s January-September of Siauliai meteorological
station were used in the analysis. Siauliai meteorolog-
ical station is about 50 km away from the study area.
Radial increment indices were calculated for the elim-
ination of age influence on tree rings and in order to
reveal increment dynamics due to variation of climate
conditions. Increment indices were used in this and
further analysis.

Correlation analysis has shown statistically sig-
nificant positive correlation between the radial incre-
ment and precipitation of current year’s January
(=0.37; p<0.05), and negative correlation with July’s
precipitation (=-0.25; p<0.05) (Figure 2).

Positive and statistically significant correlation
was found between the radial increment and mean tem-
peratures of spring (April-May) and June (r=0.22-0.34;
p<0.05). Statistically significant relations were found
between the radial increment and air temperature as
well as precipitation of last January (»=0.26 and »=0.21
respectively; p<0.05). The radial increment correlated
negatively with precipitation of last October and No-
vember (r=-0.25 and »=-0.31 respectively; p<0.05) and
positively with temperatures of last October and De-
cember (7=0.23; p<0.05).

Relations between annual radial increment of pine
growing at different distances from the plant and
amount of plant emissions. Pine stands growing at
different distances from the “Akmenés Cementas”
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Figure 2. Pearson correlation between annual radial incre-
ment of control pine stands and climatic factors

plant were chosen for the investigation so that dis-
tance differences reveal possibly different environmen-
tal impact on tree growth. In order to estimate possi-
ble industrial pollution effect on the radial increment
of pines growing near “Akmenés Cementas” plant,
firstly it was analysed whether differences between
increment series (Figure 3) are statistically significant
or have an accidental nature.

3.0

Annual radial increment, mm

05
—— Upto 5 km

00 —— 5.10km

1925 1935 1945 1955 1965 1975 1985 1995 2005 ~+ 10-20km

Figure 3. Annual radial increment series (solid lines) of the
investigated pine stands at different distances from the pollu-
tion source. The dotted lines show 95 % confidence intervals

Statistical hypothesis H, (means of radial incre-
ment series from pines at different distances from the
pollution source do not differ) with an alternative H,
(at least two means of radial increment series differ)
was formulated for the analysis. The value of Fisher’s
criterion F indicating statistically significant differenc-
es between the means of data groups equals to 41.36
(p<0.05). This value F= 41.36>F _, (FF, =3) where F
is critical F value at significance a=0.05 (Cekanavicius
and Murauskas 2002). According to the rules of
ANOVA this denies hypothesis H, and shows that the
means of at least two radial increment series differ sta-
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tistically significantly. This suggests that the cause
of these differences is an external factor — environ-
mental pollution.

Pairwise comparison of the series was performed
using Fisher’s LSD (Least Significant Difference) crite-
rion, which corresponds to the #-test (Student’s criteri-
on f). It was determined that series mean from pines clos-
est to the plant is statistically significantly less than that
of pines at 5-10 km from the plant (¢ = -5.0 <-¢
t,=1.66) and series mean of pines at 5-10 km is statisti-
cally significantly less than that of the most distant pines
(t=—4.63<¢_; t = 1.66;). This proves that the radial in-
crement increases with distance from the plant.

Dispersion analysis results (Fisher’s and Student’s
criterions) suggest that differences of the radial incre-
ment of pines growing at different distances from the
plant are possibly caused by local pollution.

In order to clarify possible reasons for radial in-
crement changes, relationships between the radial in-
crement of pines and amount of plant’s emissions were
analysed. The strongest negative relation was found
between the radial increment of pines closest to the
plant and total amount of pollutants (r=-0.62; p<0.05)
(Table 1). Correlations between the total amount of
pollutants and radial increment of pines at the distance
of up to 5 km and 5-10 km from the plant are strong
and statistically significant (» =-0.62 and r =-0.49 re-
spectively; p<0.05). No significant relations were
found between the radial increment of the most dis-
tant pines and amount of pollution (p>0.05).

Table 1. Pear- Total Solid
son correlation emissions  particles NOx SO,
between annual 1952-2005
radial 1nc.rerr.16nt Up 1o Skm
and emissions
during the pollu- r -0.62 -0.62 -0.55 -0.65
tion period p  0.000  0.000 0.00 0.000
1952-2005 (— 5-10km
Pearson correla- -0.49 049  -0.42 -0.55
tion coefficient,
C e p 0.000 0.000  0.002 0.000
p — significance)
10-20 km
r -0.16 -0.15 -0.15  -0.17
14 0.2 0.2 0.3 0.2
Note. Statistically significant r values

(p<0.05) are shown in bold characters.

Correlation analysis has revealed that amount of
SO, and solid particles could have the strongest in-
fluence to the variation of the radial increment of the
closest (up to 5 km) pines (»=-0.65 and r=-0.62 respec-
tively; p<0.05). Slightly weaker correlations were
found with the amount of NO_ emissions (r=-0.55;
p<0.05). At the distance of 5-10 km from the plant
correlations between the radial increment and pollu-

tion components were weaker but statistically signif-
icant. Like for the first distance, statistically signifi-
cant correlations were found between the radial incre-
ment and amount of, solid particles and (r equals to
-0.55; -0.49 and -0.42, respectively; p<0.05). Correla-
tions between the radial increment of the most distant
pines and total emissions and their components be-
came statistically insignificant (p>0.05).

Complex impact of climatic factors and industri-
al pollution on the radial growth. The results of cor-
relation analysis have shown that the radial increment
of pines growing at different distances from the plant
suffer different impact of solid particles, and SO, emis-
sions. Firstly, multiple regression models based only
on pollution components were constructed. A regres-
sion model including the main components of “Ak-
menés Cementas” plant emissions (solid particles
(KD ), NO_and SO)) explains 62% of radial increment
variation (R*=\\0.62) (Figure 4). The standardized co-
efficients S show that negative influence of solid par-
ticles is most relevant (£ =-0.81; p = 0.002), and the
least important is the influence of (f=-0.42; p = 0.04).
The influence of NO_is positive (8= 0.55; p = 0.002).

The dependence of tree increment on emissions
decreases with increase in distance from the pollution
source. It was determined that approximation level of
a regression model including only and (influence of
KD, becomes insignificant) is only R*= 0.36 for the
distance of 5-10 km. For the stands at 10-20 km from
the plant the dependence becomes statistically insig-
nificant (p>0.05).
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Pr= (345 + 5.99%exp(-0.003*t)) (102.85 —2.57 KDy +
+4.04 NO,— 2.3350,)

B (KDyo)=-0.81 (p=0.002)
B (NO, )=0.55 (p=0.002)
B (502)=-0.42 (p=0.04)

Where: P, —tree ring width (mm); 7— tree age (years); KDjo —amount of

Standardized
coefficients:

solid particles (thou. t); NO, —amount of nitrogen oxides (thou. t); SO, —
amount o f sulphur dioxide (thou. t).

Figure 4. Dynamics of actual and estimated annual radial in-
crement of stands growing up to 5 km from the plant during
the pollution period (regression model based on pollutants)
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In order to approximate the changes in the radial
increment more exactly, values of climatic factors
(month’s mean air temperature and amount of precip-
itation) were included into multiple regression models
additionally.

After inclusion of climatic factors into the model,
the approximation level of the radial increment varia-
tion improves (R*=0.70) (Figure 5). However, the in-
fluence of pollution components is stronger than that
of climatic factors. Relevance of solid particles remains
the strongest (f=-0.75; p=0.002). The standardized co-
efficients g showed that influence of climatic factors
(air temperature of last year’s August ($=0.24; p=0.01)
and November (/=-0.18; p=0.04) and precipitation of
current year’s July ($=0.24; p=0.03)) on the radial in-
crement is less than that of pollution components but
statistically significant.

25

Up to 5km
R*=0.70
p<0.000

Annual radial increment mm

0.5
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

— Actual —7 Estimated

P,= (3.45 + 5.99%xp(-0.003%0) (67.08 + 198 T, 097 Ty, —
~0.06 Py, ~239 KDio + 4.2 NO,~ 2.63 S0)

B (T/M,m )=0.24 ( p=0.01)

B (Tva,m )=-0.18 ( p=0.04)

B (P, )=-0.19 (p=0.03)

B (KD )=-0.75 ( p=0.002)

B (NO,)=0.57 (p=0.001)

£ (802)=0.47 (p=0.02)

P, — tree ring width (mm); ¢— tree age (years);
amount of precipitation (mm); 7 — month‘s mean air temperature (°C);
KDyp — amount of solid par ticles (thou. t); NO, — amount of nitrogen

Standardized
coefficients:

where: P — month‘s

oxides (thou. t); SO> —amount of sulphur dioxide (thou. t).

Figure 5. Dynamics of actual and estimated annual radial
increment of stands growing up to 5 km from the plant dur-
ing the pollution period (regression model based on climatic
factors and pollutants)

The approximation level R* decreases with distance
from the pollution source. A complex regression mod-
el based on climatic factors and pollutants describes
57 % (R*=0.57) of the radial increment variation of
pines growing at the distance of 5-10 km from the plant
(Figure 6). As it is seen in the presented regression
model, solid particles are eliminated from the model
(their influence becomes insignificant; p >0.05) and the
emissions of SO, become more relevant ($=-0.97;

p=0.000). In this regression model the influence of last
November’s temperature gets stronger (f=-0.28;
p=0.01), and the influence of new factors emerge —
temperature of last October ($=0.24; p=0.02) and cur-
rent year’s September (£=0.23; p=0.02) as well as pre-
cipitation of current year’s August (6=-0.21; p=0.04).

2.6

5-10km
R’=0.57
p<0.000

Annual radial increment mm

1.0
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

— Actual —*+ Estimated

P, = (141 + 1.29%exp(0.02*0)) (86.82 + 081 T,,,, ~0667T,,, -~
~002P,,, +0.79T, +2.06 NO,~2.3 50:)
B (Tow, )=0.24(p=0.02)
B (Ty,,, )=0.28 (p=0.01)

Standardized g (PAM/ )=-0.21 ( p=0.04)
coefficients: B (Tﬁep, )=0.23 ( p=0.02)
B (NO,)=0.66 ( p=0.000)
p (502)=-0.97 ( p=0.000)
where: F, — tree ring width (mm); ¢— tree age (years); P — month‘s

T — month‘s mean air temperature (°C);
SO, — amount of sulphur

amount of precipitation (mm);
NO, — amount of nitrogen oxides (thou. t);

dioxide (thou. t).

Figure 6. Dynamics of actual and estimated annual radial
increment of stands at the distance of 5-10 km from the plant
during the pollution period (regression model based on cli-
matic factors and pollutants)

Only climatic factors remain in a regression mod-
el for the radial increment of the most distant pine
stands (Figure 7). This shows that pine stands at the
largest distance from the plant are influenced only by
natural factors.

The model revealed the importance of climatic con-
ditions of last year’s autumn. The influence of last
October’s temperature ($=0.23) and precipitation (f=
-0.39) as well as influence of last November’s tempera-
ture (f=-0.42) are statistically significant (p<0.05). The
regression model based only on climatic factors explains
51 % of annual radial increment variation (R*=0.51).

Discussion

Dynamics of tree radial increment is determined not
only by ecological conditions of the habitat and bio-
logical characteristics of tree species, but also by the
long-term variation of climatic factors which is domi-
nating (Bitvinskas 1997). Synchronity and periodicity
of the annual radial increment gives evidence of rhyth-
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22 R =051 .
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= Actual "~ Estimated
F,=(1.79+ 0.82*exp(-0.03*1)) (123.77 - 0.05 Fy,, , +0.83T,,  —
—-0.817y,, +0.87,,, +0.427, )
B (Poq,, )70.39 (p=0.001)
p( Toer, )70-23 (p=0.03)
B Tyony, )=-0.42 ( p=0.001)
p( Tytay, )=0.31( p=0.01)
B(Tg, )=0.29( p=0.01)
where: P, — tree ring width (mm); — tree age (years); P — month‘s
amount of precipitation (mm); 7 —month‘s mean air temperature (°C).

Standardized
coefficients:

Figure 7. Dynamics of actual and estimated annual radial
increment of stands at the distance of 10-20 km from the
plant during the pollution period (regression model based on
climatic factors)

mical variation of climatic factors, which influences tree
growth either positively or negatively, depending on the
phase of the cycle (Stravinskiené 2002). Although rela-
tions between the radial increment and climatic factors
usually are relatively weak (coefficient of correlation
does not exceed 0.3-0.4 in most cases) (Juknys and
Vencloviené 1998, Juknys et al. 2002), results of the
correlation analysis suggest that the air temperature and
precipitation of the growing period are important to the
radial increment formation in boggy soils. Higher tem-
perature of the growing period (April-August) and pre-
cipitation lower than long-term average cause drying
processes in the habitat and stimulate the formation of
the radial increment. Summer precipitation higher than
long-term average and the shortage of warmth at the
beginning of the growing period induce habitat’s paludi-
fication processes, which cause significant decrease in
the radial increment. Similar tendencies were found in
the studies of other authors (Kairitkstis 1994, Stravins-
kiené 2002).

Analysis has revealed the significant influence of
last year’s climate conditions on the formation of the
radial increment. This corresponds to the results ob-
tained by other authors (Fritts 1976, Cook and Kair-
itkstis 1990, Juknys and Vencloviené 1998, Linderholm
2001, Juknys et al. 2002, Stravinskiené 2002, Peder-
son et al. 2004, Augustaitis 2005) showing strong
influence of last autumn’s climate conditions.

The change of tree condition is not caused by one
certain factor. Trees are affected by a complex of fac-

tors, which are interdependent and strengthen each
others’ impact (Innes 1993, Chappelka and Freer-Smith
1995, Nihlgard 1997). The aim of dendrochronological
investigations often is not one factor’s (climate or pol-
lution) impact but their complex impact on the radial
increment. For this purpose multiple regression models
are constructed, describing the radial increment varia-
tion dependence on both climatic and anthropogenic
factors (Ots and Rauk 1999, Juknys et al. 2003, Thomp-
son 2003, Augustaitis 2005). Complex multiple regres-
sion models including climatic factors and pollution
components approximate radial increment variations
more exactly, and the impact of pollutants on trees de-
creases with distance from the pollution source.

Conclusions

1. Average air temperature of the growing period
(April-August) higher than long-term average influenc-
es pine radial growth positively (»=0.22-0.34; p<0.05),
and amount of precipitation in July higher than long-
term average induces the decrease in the radial incre-
ment (r=-0.25; p<0.05) in peat-bog soils.

2. Linear relation was determined between the ra-
dial increment of pines close to the plant and plant
emissions: »=-0.62 for pines at the distance of up to 5
km and »=-0.49 for pines at the distance of 5-10 km
(»<0.05). No linear relations were found between plant
emissions and the radial increment of the most distant
pine stands (p>0.05).

3. A multiple regression model based only on the
main components of plant’s pollution explains 62 %
(p<0.05) of the radial increment variation of pines clos-
est to the plant. The approximation level decreases with
increasing distance from the plant (R*=0.36 for the dis-
tance of 5-10 km) and for the most distant pine stands
it becomes statistically insignificant (p>0.05).

4. A complex regression model including climatic
factors and pollution components approximates the
radial increment more exactly: determination coefficient
R?=0.70 for the closest pine stands and R?>=0.57 for the
stands at the distance of 5-10 km (p<0.05). Only cli-
matic factors remain in a regression model for the ra-
dial increment of the most distant pine stands.
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BJIMAHUE KIIMMATUYECKHUX U AHTPOIIOI'EHHBIX ®AKTOPOB HA PA/IUAJIb-
HBIA MTPUPOCT COCHBI OBBIKHOBEHHOM (PINUS SYLVESTRIS L.)

P. Dpaunkurte, A. Butac

Pe3zwme

B cTatbe mpeacTaBiIeHBl pe3yJabTaThl JOJTOCPOUYHBIX ACHAPOXPOHOJOTHYECKUX HCCIEAOBAHUM, MPOBEACHHBIX Ha
IPUPOCTE M COCTOSTHUH COCHBI OOBIKHOBEHHOW (Pinus sylvestris L.) B 30He BO3AEHCTBUSA OIHOI'O M3 CaMbIX OOJBIIHX
HUCTOYHUKOB 3arps3HeHus Bo3nyxa B JluTBe — 3aBoja nemeHrta “AxkMsHec LeMmeHtac”. Kak aHAaTOMUYECKUN MHIUKATOP
COCTOSTHHUS JICPEBa UCCIICIOBAH PAIHAIBHBIN MpUpocT. [TaBHOE BHUMaHKE OBLIO CKOHIICHTPUPOBAHO Ha OLICHKE KOMIIEKCHOTO
BO3/ICHCTBUS KIMMAaTHYECKUX (PAKTOPOB U WHIYCTPUAILHOTO 3arpsA3HEHUS HA PAJHaIbHBIA MPUPOCT COCHOBBIX IPEBOCTOEB,
pPacTYLINX Ha PAa3IMYHBIX PACCTOSHUAX OT 3aBOAA. YCTAHOBJICHO, YTO Ha JWHAMUKY paJuajbHOTO IPUPOCTa BIHSIH
KIMMarnieckne GpakTopsl (TeMmeparypa Bo3AyXa U OCAJIKH), a TaK JKe aHTPOIOTeHHOE 3arps3HeHue. Pe3ynbTrarsl QyHKUIuMi
OTKJIMKA IMOKa3ald, 4TO Ha OJIM3KHE K 3aBOJY COCHOBBIC IPCBOCTOM OOHApy»KEHO Haubojee CHIBHOE BO3JCHCTBUE
3arps3HEHUS, B TO BpeMsi, KaK caMble JaJeKHe COCHOBBIC APEBOCTOU OBUIM IOABEPTHYTHI TOJIBKO MPUPOIHBIM (hakTopam.

KuroueBbie ciioBa: JACHAPOXPOHOJIOIMYECKOE UCCIICI0BAaHNE, COCHA O6BIKHOB€HHa$I, paIII/IaHBHLIfI IIPpUPOCT, 3arpsA3HECHUEC

Cpe€abl, KIUMAaTUICCKUC (I)aKTOpLI, KOMIIJICKCHOC BJIMSIHUC
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