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The investigation was carricd out on 680 lime trees at Laisves alley in the city of Kaunas. Four spccics of lime trees (7ilia
platyphylla Scop.; T. euchlora K. Koch.; T. europaea L.; T. cordata Mill.) were studied. Crown defoliation and dechromation, statc
of trectops, amount of dry branches, fruiting were cvaluated. Dendrochronological investigation of different spccics of the sampled
lime trecs was carricd out. The relationship between crown defoliation degree and the radial increment dynamics of limc-trccs was
determined. In accordance with the results of the investigation, 7ilia cordata Mill. has the highest (33.4+2.1%), Tilia platyphylla

Scop - the Jowest (28.0+1.2%) crown dcfoliation.

The valucs of the annual radial increment of Tilia europaea L. arc lowest and these of Tilia platyphylla Scop. arc highest.
According to all monitoring parameters Tilia platyphylla Scop. trees arc of the best ccological statc and Tilia cordata Mill. - of the

worst ccological statc.
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Introduction

Forests near or in a city are strongly connected
with the development of the urban settlement. Urban
trees are influenced by a wide range of environmental
factors and are in danger of being destroyed by the
human impact of air pollution (von Liihrte, 1992). Street-
trees in areas of local environmental pollution are in-
fluenced also by atmospheric pollution. That is why
they become soon injured and damaged. Therefore, the
dendroecological monitoring of urban forests and for-
est parks becomes more and more essential.

Deciduous trees are more resistant to pollution
impact than conifers; therefore, they are more suitable
for planting along streets and are more common in ur-
ban areas than conifers. The ecological status of urban
deciduous trees is less investigated, because conifers
are found to be better indicators for assessment of the
state of the environment (Stravinskiene, 1997a, 1997b).
Deciduous species, especially from the areas of inten-
sive local pollution, can serve as perfect indicators of
changes in the environmental state, although they are
less injured by environmental pollution than conifers.
Worse state of deciduous trees can be a serious signal
of pollution or the effect of negative climatic factors.

Assessment of dendrochronological methods for
monitoring of urban trees is very important for estimat-
ing the ecological state of trees affected by natural and
anthropogenic factors. Dendrochronological analysis
provides information on retrospective and actual situ-
ation of trees and allows us to compare them. Tree-rings
express several different factors affecting the growth.
Therefore, it is difficult to prove the effects of climatic
or anthropogenic impact. This can be done easier by
combining different monitoring methods.

The increasing tree crown defoliation and annual
radial increment losses indicate that the state of is de-
teriorating and that the environment is no more suita-
ble for plants. By assessing the actual health state of
street trees it is possible to estimate the environmental
state and how it suits for plant growth.

Materials and methods

As the object for investigation — species of a ge-
nus of deciduous trees - Tilia growing in the pedestri-
an zone of the city Kaunas - Laisves alley - were cho-
sen. Four species of limes were examined: Tilia platy-
phylla Scop., Tilia europaea L., Tilia cordata Mill, and
Tilia euchlora K. Koch. These lime species are the most




popular among urban deciduous trees in Lithuania.
Limes are favorite street trees in urban forests and parks
of Lithuania. They are cultivated as single trees or in
groups and alleys of natural or shaped trees.

The aim of the investigation was to conduct the
ecological monitoring of Kaunas city Laisves alley limes
and to estimate their ecological state according to the
main forest monitoring parameters.

Monitoring of lime trees has been conducted and
the experimental material gathered at the end of July and
at the beginning of August 1998 - the most suitable
season for monitoring of deciduous trees (Hanish, Kilz..,
1990), - according to the international forest monitor-
ing methodology (Manual on methods..., 1994), adapt-
ed to urban environment. It means that bioindicative
indices were determined for every sample tree.

Defoliation — the loss of foliage/needles caused not
by leave sheding process in autumn — is the most im-
portant forest monitoring parameter. It is not only the
loss of leaves/needles but also the amount which is
possible to form but not formed mass of leaves/needles.
That is why in order to estimate the defoliation of a tree
visually, we compare the foliage of a tree with the foli-
age of a reference tree whose defoliation does not ex-
ceed 10% (Ozolingius, 1994). A reference tree usually
has the same class of growth and development as the
sample tree. 1t belongs to the same type of branching,
grows in the vicinity of the sample tree, or a photo of
reference tree corresponding to a sample tree accord-
ing to special atlases (Muller, Stierlin, 1990). Crown
defoliation is observed in the whole crown and in the
upper 1/3 of the crown. The sample trees were divided
into five classes according to their crown defoliation:
class 0 — conditionally healthy trees (defoliation less
or equal to 10%); class 1 — slightly defoliated trees (11-
25%); class 2 — moderately defoliated trees (26-60%);
class 3 — severely defoliated trees (61-99%); class 4 —
dead trees (100%).

Foliage dechromation - one of the main monitor-
ing parameters - shows a part of foliage or needles (%)
of the crown whose color has changed due to negative
impact of the environment. There were four foliage
dechromation classes distinguished: class 0 — without
colour changes in the foliage (dechromation 0-10%);
class 1 — slight dechromation (11-25% of the foliage has
changed colour); class 2 — moderate dechromation (26-
60%); class 3 — severe dechromation (61-99%).

Severe crown defoliation and foliage dechromation
show negative influence of environmental impact on a
tree and indicate damage (Manual on methods..., 1994).
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The trectop state, amount of dry branches in the
crown was estimated as follows: 0 — healthy treetop, 1-
broken, 2- dried, 3- damaged; 0 - 0-10% of dry branch-
es, 1- 11- 30% of dry branches, 2- 31- 50% of dry branch-
es, 3- more than 50% of dry branches.

The degree of tree fruiting was estimated by
grades: 0 — no fruiting, 1- slight fruiting, 2- moderate
fruiting, 3- rich fruiting.

Tree damages were classified into six groups: game,
insects, fungi and discases, abiotic agents, human ac-
tivity and others can cause different tree damages.

For dendrochronological research wood samples of
all Tilia species were taken in different places of Lais-
ves alley: close to crossings with vehicle traffic and
from less polluted areas between them. Samples were
taken using Presler’s increment borer. Sample trees were
chosen according to their ecological state (with high
and low crown defoliation and foliage dechromation).
Tree-ring width was measured and local dendroscales
were created. Indexation, correlation and synchroniza-
tion coefficients were calculated using, special equip-
ment LINTAB and TSAP program.

Results

Crown defoliation, foliage dechromation, state of
the treetop, amount of dry branches, fruiting

Using the international monitoring methodology
(Manual on methods..., 1994) 680 lime trees from Laisves
alley in the city of Kaunas have been investigated. Bio-
metric parameters of sample trees have been measured,
the state of tree tops, the amount of dry branches (%),
fruiting degree, crown defoliation degree, foliage dechro-
mation degree and tree damages have been estimated.

The investigation has indicated that the limes at
Laisves alley in Kaunas usually are moderately defoli-
ated (crown defoliation is 26- 60%). There are about
55% of such trees. Sample trees defoliated slightly com-
prise 42% and conditionally healthy (crown defoliation
less or equal to 10%) only 3%. There are only 3 severely
defoliated trees whose crown defoliation is 61- 99%.
Table 1 shows the values of different Tilia species trees
with the average crown defoliation and foliage dechro-
mation. 1t is seen that Tilia cordata Mill. has the high-
est value of crown defoliation (33.4+2.1%) and foliage
dechromation (9.2£1.5%), Tilia platyphylla Scop. - the
lowest ones (28.0+1.2% and 5.140.6%, respectively).
Tilia europaea L. (crown defoliation is 30.8%1.7%,
dechromation - 6.6+0.9%) and Tilia euchlora K. Koch.




(defoliation is 30.9+3.0%, dechromation - 6.7+1.8%) have
very similar values of the average crown defoliation and
foliage dechromation.

Table 1. The values of the average crown defoliation and
foliage dechromation of different Tilia species trees

Tilia species Crown defoliation | Foliage dechromation
% %

Tilia europaea L. 30.8+1.7 6.0+0.9

Tilia platyphylla Scop. 28.0+1.2 5.1+0.6

Tilia cordata Mill. 33.4+2.1 9.2£1.5

Tilia euchlora K. Koch. 30.943.0 6.7+1.8

Figure 1 illustrates the distribution of different Tilia
species trees (%) by the defoliation classes. The great-
est part (60%) of the trees of Tilia cordata Mill. has

Even 53% of Tilia platyphylla Scop. trees has been
moderately defoliated, slightly defoliated trees comprise
43%, conditionally healthy trees - only 3% and severe-
ly defoliated ones - a very little part of the examined
trees. Severely defoliated trees of all Tilia species are
located at close distances from the busy street cross-
ings. Dead trees are removed from the streets due to
worse aesthetic value.

The investigations have indicated that foliage
dechromation is not a widespread phenomenon among
the limes of Laisves alley. The greatest part of the sam-
ple trees has only the symptoms of dechromation. Class
0 (dechromation up to 10%) predominates, trees of this
class form the greatest part (86%) of the sample trees
(Table 2). Sample trees with slight dechromation are
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been moderately defoliated (defoliation is 26- 60%).
Slightly defoliated trees (defoliation 11- 25%) constitute
37%, conditionally healthy trees (defoliation less than
10%) only 4% and severely defoliated trees whose
crown defoliation reaches 61- 99% make up a very little
part of the examined 7Zilia cordata Mill. trees. The great-
est part (55%) of the specimens of Tilia europaea L.
has been moderately defoliated, slightly defoliated trees
constitute 40%, conditionally healthy trees - only 5%
and severely defoliated ones make up a very little part
of the examined Tilia europaea L. trees. Even 58% of
Tilia euchlora K.Koch. trees are moderately defoliat-
ed, slightly defoliated trees make up 39%, conditional-
ly healthy ones - only 3% of Tilia euchlora K.Koch.
sample trees. Severely defoliated trees comprise a very
little part of the examined Tilia euchlora K.Koch trees.

found to be 14% and only 1 tree has been estimated as
moderately dechromated (dechromation is 26 - 60%).

Table 2. Distribution of sample trees according to crown
defoliation and foliage dechromation classes.

State parameters according to crown defoliation
Defoliation % Number of sample %
class trees
0 0-10 20 3.1+0.6
1 11-25 286 42.3+1.2
2 26-60 371 54.5+1.4
g 61-99 3 0.5+0.1
4 100 0 0
State parameters according to filiage dechromation
Dechromation % Number of sample %
class trees
0 0-10 582 85.9+2.6
1 11-25 97 14.0+1.2
2 26-60 1 0.1+0.1
3 61-99 0 0




The amount of dry branches of lime trees at
Laisves alley is not large, because those trees are be-
ing trimmed and tended for their aesthetic value. Trees
of bad ecological state are being removed and replaced
by new ones. Therefore, it is complicated to estimate
the real amount of dry branches in the street tree
crowns. Table 3 illustrates the average amount of dry
branches of the trees of different Tilia species. It is
shown that Tilia europaea L. and Tilia cordata Mill.
have the highest (7.6£1.1% and 6.7+1.9%, respective-
ly), Tilia platyphylla Scop. - the lowest (4.3£0.7%) mean
amount of dry branches. Dry branches of Tilia euchlo-
ra K. Koch. make up 4.8+0.2% of its crown.

Table 3. The
mean amount

Tilia species Mean amount of dry

branches %

of dry branch- (Tilia europaea L. 7.6x1.1
es of different i7ilia platyphylla Scop. 4.3+£0.7
Tilia SpeCieS. Tilia cordata Mill. 6.7£1.9

Tilia euchlora K. Koch. 4.842.1

The fruiting of lime trees at Laisves alley is rich or
moderate (Table 4). Rich fruiting has been estimated for
the greatest part (48%), moderate — for 44% of the sam-
ple trees. Slight fruiting has been estimated only for 8%
of the sampled limes. Figure 2 illustrates the distribu-
tion of all examined trees (%) according to fruiting de-
gree. In comparison to other Tilia species, Tilia platy-
phylla Scop. has the highest fruiting rate — even 56%
of these species trees has rich fruiting, 39% -moderate
fruiting and only 5% of trees fruits slightly. Tilia euro-
paea L. has the second position according to rich fruit-
ing - 42% of specimens of this species have rich fruit-
ing, 46% - moderate fruiting and 12% of the sample trees
have slight fruiting. The fruiting of Tilia cordata Mill.
is similar: 40% of the lime tree have rich fruiting, 49% -
moderate fruiting and 11% of sample trees have slight
fruiting. In comparison to other Tilia species, Tilia
euchlora K.Koch. has the most insignificant amount of
limes with rich fruiting - 38% of sample trees.

Table 4. Distribution of all sample lime trees (A) and different
Tilia species trees (B) by fruiting degree.

Fruiting parameters
A
Fruiting Sample lime trees
Fruiting degree _|Fruiting indication Number %
0 No fruiting 1 0.1
1 Slight fruiting 53 7.9
2 Moderate fruiting 300 44
3 Rich fruiting 326 48
B
Tilia species 0 degree 1 degree 2 degree 3 degree
Number | % | Number | % | Number | % | Number| %
Tilia europaea L. 0 0 24 12 94 46 86 42
Tilia platyphylla Scop. 0 0 16 5 133 39] 185 156
Tilia cordata Mill. 0 0 8 11 36 49 29 40
Tilia euchlora K. Koch, | i 5 7 37 54 26 38

Figure 2. Distribu- slight
tion of all sample fruiting
lime trees (%) by ' 8%
fruiting degree.
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The database analysis has indicated that Tilia platy-
phylla Scop. is of the best health condition. Tilia euro-
paea L. is of the worst health condition caused by an-
thropogenic pollution, strong recreation pressure and
negative abiotic factors. It can be noticed that tree crown
defoliation is dependent on its development level. Well-
developed trees have the lowest crown defoliation. It in-
creases with the deterioration of the biosocial state of the
tree. But this statement may not always be correct because
of the dynamics of crown defoliation, age of trees and
changing impact of negative environmental factors.

Dendrochronological investigations of urban lime

trees ,

During the growing process tree rings accumulate
information about the phenomena taking place in the en-
vironment (Eckstein, 1989; Fritts, 1987) and serve as nat-
ural monitors (Schweingruber, 1989). Tree rings can serve
as indicators of the state — they show the present condi-
tion of a tree and all changes in the environment during
growing period: climatic, anthropogenic or even econom-
ical changes. The method of dendrochronological indica-
tion - one of the suitable methods, not very expensive,
able to analyse a large amount of data and to use infor-
mation from the past, as tree rings indicate, and to come
to conclusions about the state of natural ecosystems. It
is very important to estimate the dynamics of the climatic
background while using these methods. It has been es-
tablished that the impact of technogenical pollution be-
comes very strong after climatic extremes (Juknys, 1994).

The results of the dendrochronological research
lead to conclusions about the ecological state of dif-
ferent Tilia species, depending on environmental pol-
lution and climatic factors. The data show that the ec-
ological state of limes growing near the crossroads is
worse than those growing in between the crossroads.

The dynamics of the annual radial increment is
determined by complex impact of environmental factors.
The increasing or decreasing of the radial increment of
the lime trees at Laisves alley is determined by strong-
er or weaker unfavourable impact of pollution and cli-
matic factors.




In the dynamics of the annual radial increment of
examined 7ilia species we can determine some periods
with high increment: 1950- 1960 (annual ring widths 2.5
—3.5mm), 1985-1996 (1.5 — 2.0 mm) and with low incre-
ment: 1910 - 1940 (0.2- 1.5 mm), 1970- 1980 (0.5 - 1.0
mm). Figure 3 illustrates the similarity of the dynamics
of the annual radial increment of different Tilia species.
The periods of good growth for urban lime trees are
determined by favourable climatic conditions of these
periods (warm winters, humid summers). They are sim-
ilar to radial increment cycles of Lithuanian forests
determined according to the climatic background. The
periods of bad growth are determined by unfavourable
climatic conditions (cold winters, dry summers). A de-
crease in the annual radial increment is observed in the
periods: 1900 — 1940, 1961 — 1980; an increase — in the
periods: 1941 — 1960, 1981 — 1998. Extreme climatic con-
ditions as summer droughts in 1941, 1963, 1992, and cold
winter in 1979 influenced a decrease in the radial incre-
ment of urban limes. Low annual radial increment in
1939 was determined by high solar activity of that year.
The tendency of an increase in the annual radial incre-
ment in 1994 is atributed to the depression of industri-
al activity and to lowering period of solar activity cy-
cles of 11 — 13 years. The local conditions and recon-
struction of Laisves alley influenced on the dynamics
of the annual radial increment: after 1930 the horse tram-
way was no longer used; in 1982 Laisves alley became
a pedestrian zone — transport and smoking were pro-
hibited, flower grounds were arranged, soil cover was
changed around the trees. It made a positive influence
on the annual radial increment of the trees. As annual
radial increment data shows (Fig. 3), the ecological state
of Laisves alley lime trees is becoming better.

By comparing of annual radial increment rates and
dynamics of different 7ilia species shows that Tilia
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Figure 3. Similarity of annual radial increment dynamics of
different 7ilia specics trees.

platyphylla Scop. is of the best ecological state. In com-
parison to other Tilia species, T. platyphylla has the
highest annual radial increment. This proves the pollu-
tion-resistance of this species and favourability for ur-
ban plantation. The aesthetic value of Tilia platyphylla
Scop. is significant — even damaged trees look like the
healthy ones. The maxima of the annual radial increment
of Tilia platyphylla Scop. were recorded in 1942, 1950
and the minimum - in 1977. In accordance with the re-
sults of our investigation, Tilia europaea L. and Tilia
euchlora K. Koch. are of worse ecological state, they are
more injured than other 7ilia species. The maxima of the
radial increment of Tilia europaea L. were recorded in
1955 and 1990, the minimum -in 1974. The maximum of
the radial increment of Tilia euchlora K. Koch. was re-
corded in 1960, the minimum - in 1932. The ecological
state and health conditions of 7ilia cordata Mill. serves
as the mean ecological status of all Tilia species. Its
annual radial increment serves as the average annual
radial increment rate. The maxima of the annual radial
increment were recorded in 1880 and 1954, the minima -
in 1910 and 1920. Tilia cordata Mill. is a pollution-resist-
ant species and is favourable for urban plantation. By
the way, the trees of this species are found to be the
oldest ones in Laisves alley. The wood samples of the
oldest (123 years old) lime tree (7. cordata) at Laisves
alley were taken and measured. Figure 4 illustrates its
radial increment dynamics. The maxima of the annual
radial increment of oldest lime were recorded in 1880 (4
mm), 1950 (2.6 mm) and the minima - in 1910 (0.2 mm),
1980 (0.3 mm). With the help of such old trees it is pos-
sible to conduct historical tree monitoring — to estimate -
the state of the annual radial increment of trees since the
beginning of their life until the moment when wood sam-
ples were taken. Crown defoliation (30%) and foliage
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Figure 4. Annual radial increment dynamics of the oldest lime
tree (7ilia cordata Mill.) at Laisves alley in Kaunas.




dechromation (20%) of the oldest lime-tree show its grow-
ing condition. In comparison to others, the health con-
dition of this tree is quite good, although its crown and
stem are damaged by insects.

With increasing tree age, the crown defoliation rate
and its influence on the annual radial increment become
more severe (Stravinskiene, 1997b). After comparing
annual radial increment dynamics of different Zilia spe-
cies trees to the dynamics of corresponding reference
trees it was established that differences between the
radial increment of reference tree and sample trees of
the same species are stronger when the ecological state
of sample limes is worse (when crown defoliation is
more severe).

Figure 5 shows the dynamics of the annual radial
increment of Tilia europae L. and Tilia euchlora K.
Koch. by different degree of crown defoliation. It is
shown that with low size of crown defoliation trees are
healthy (defoliation under 10%) or slightly damaged
(defoliation 11-25%), the annual radial increment is
good, similar to the annual radial increment of reference
tree — a tree with low crown defoliation rate and good
annual radial increment. When tree is defoliated mod-
erately (defoliation 26-60%) or severely (defoliation
more than 60%), the annual radial increment is smaller
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Figure 5. The dynamics of the annual radial increment of Tilia
europaea L. (A) and Tilia euchlora K. Koch. (B) by different
crown defoliation degree.

and the ecological state of this trees is worse, their
dendroscales are very different from the dendroscales
of the reference trees. In accordance with this, the ec-
ological state of Tilia platyphylla Scop. appears to be
the best and Tilia europaea L. appears to be of the
worst ecological state.

Unfortunately, in the scientific literature there is no
common opinion about the tendencies of annual radial
increment dynamics related to an increase in tree crown
defoliation rate. It depends on a variety of environmental
factors. It is proved that the losses of the radial incre-
ment from older stands are bigger than these from
younger stands with the same crown defoliation degree
(Rohle, 1986). The relationship between the crown de-
foliation and annual radial increment is closer when
crown defoliation is more severe (Pretzisch, Utschig,
1989). Slight and moderate crown defoliation (not more
than 30%) is still being discussed. It is established that
the size of the annual radial increment is inversely pro-
portional to the degree of defoliation: severely defoli-
ated trees (defoliation 60 — 80%) have the lowest an-
nual radial increment, conditionally healthy (defoliation
not more than 10%) and slightly defoliated trees (defo-
liation 10 — 20%) have the highest annual radial incre-
ment size (Stravinskiene, 1997b). Our investigations on
limes show the same.

The reaction of different urban Tilia species tree to
meteorological factors like air temperature and precipita-
tion during the vegetation period is quite different. It is
proved according to the reliability of calculated correla-
tion coefficients between the annual radial increment and
meteorological factors (air temperature and precipitation).

The radial increment of Tilia europaea L. positively
correlates with the temperature of October (correlation
coeficient equal 0.22) and the precipitation of August
(0.24), negatively — with the temperature of February
(-0.28), April (-0.36) and the precipitation of November
(-0.33). The radial increment of Tilia cordata Mill. pos-
ityvely correlates with the precipitation of June (corre-
lation coeficient equal 0.23), Tilia euchlora K. Koch. -
positively correlates with temperature (0.24) and precip-
itations (0.27) of January, negatively — with precipita-
tions of November (-0.20). When the correlation coeffi-
cients are negative, high temperature negatively influ-
ences the growth, low temperature causes good incre-
ment and precipitation makes a negative influence.
When correlation coefficients are positive — high tem-
perature and precipitation are favourable.

In accordance with our calculations, the radial in-
crement of urban lime trees have reliable correlation with




the quantity of precipitation, but not with temperature
during the vegetation period.

In accordance with calculations of radial increment
synchronety coefficients, Tilia platyphylla Scop. and
Tilia cordata Mill. are sinchronous (C =67%), Tilia platy-
phylla Scop. and Tilia euchlora K. Koch. (C =63%),
Tilia europaea L. and Tilia euchlora K. Koch. (C =60%)
have synchronous dynamics of the radial increment. The
radial increment dynamics of 7ilia europaea L. and Tilia
platyphylla Scop. (C =48%), Tilia europaea L. and Tilia
cordata Mill. (C =48%) are asynchronous. Zilia cordata
Mill. and Tilia euchlora K. Koch. have the same syn-
chronety of radial increment dynamics (C =53%).

The mean annual radial increments of different
Tilia species have been calculated: the tree rings of
Tilia platyphylla Scop. appear to be widest (1.81 mm),
the tree-rings of Tilia euchlora K. Koch. (1.35 mm) and
Tilia cordata Mill. (1.31 mun) are rather narrow.

Dendrochronological and dendroindicational moni-
tors — the annual radial increment of trees and crown
defoliation degree — serve as natural monitors to objec-
tively evaluate the impact of all changes occurring in
natural environment, especially the impact of pollution.

Conclusions

1. Deciduous trees are less sensitive to environ-
mental pollution impact than conifers, but they are suit-
able to be used for indication of the state of natural en-
vironment. The bad health condition of deciduous trees
indicates the existing of complex environmental factors,
especially unfavourable for plants.

2. It is established that the average crown defolia-
tion of lime trees growing in Kaunas city Laisves alley
is 30.8+2.0%, foliage dechromation is not widespread
(the mean foliage dechromation is 6.9£1.2%). It is es-
tablished that 1/3 crown top part of sample trees is less
defoliated comparing to full crown.

3. The investigations have indicated that in com-
parison to other Tilia species, Tilia platyphylla Scop.
(crown defoliation is 28.0+1.2.%), comparing to other
Tilia species, is of the best ecological state. Tilia cor-
data Mill. with mean crown defoliation 33.4+2.1% is of
worst ecological state. The mean crown defoliation of
Tilia europaea L. makes up 30.841.7% and that of Tilia
euchlora K. Koch. - 30.9+3.0%.

4. 1t is estimated that conditionally healthy trees
(crown defoliation up to 10%) have the highest aver-

age radial increment width, moderately damaged trees
(defoliation 26-60%) - lower radial increment.

5. It is established that the main factors limiting the
growing process and causing the deterioration of the
ecological state of limes in Kaunas city are environmen-
tal pollution, negative human activities and unfavoura-
ble climatic and soil conditions.
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COCTOSIHME 3MOPOBbS U AEHIAPOXPOHOIOTMYECKHE UCCIHETJOBAHMS
JIIII TOPOOA KAYHACA

B. Crpasunckene, b. JInaronaiire
Pezome

TIpHBONATCS PE3yITbTATH KOJIOTHYCCKOTO MOHMTOPHHIA 1 AEHAPOX POHOTOTHIECK X nccnenopanuii 680 gepesbes 4-
pex HanGosiee 4acTo B TOPOACKOM O3CICHEHHN BCTPEUAEMBbIX BHIOB JIMIIDI (Tilia platyphylla Scop.; Tilia euchlora K. Koch.;
Tilia europaea L. w Tilia cordata Mill.).

PyKOBOACTBYSICH METOAMKON 3KOTOIHYECKOro MOHHTOPHHIA (Manual on methodss, 1994), MonucduuupoBantiol wis
ypGaHM3NPOBAHHbBIX TEPPUTOPHIA, ONIpeenena Achouatius, IEXpoMauyst KpoH ydeTHbIX ACPEBLCE, COCTOSIHME MX BEpLIHH, %o
CYXHX BETBeil B KPOHE, YPOBEHB IIIOOHOIIEHNS!, YCTAHOBICHBI TIOBPEXACHHS KPOH 1 CTBOJIOB. OCHOBHBIMY MHAMKATOPaMH
COCTOSIINST ICPEBLEB M MX CPENBI MOCHYKITH AehonaLis 1 AeXpoMalis KpoH, TakxKe AMHaMHKa TOMMTHOTo PagMaIbHOTO
Mp1pocTa.

Uccnepopanus tokasand, uto Tilia platyphylla Scop. oTMyaeTcs HAMIYULUIHM COCTOSIHUEM TI0 CPABHEIHH € JpYrUMH
punamu nun Jlaficeec anen ropopa Kaynaca. Eil xapakTepHbI HaiMEHBIUHE NOKa3aTeH necponmanuu (28.0 = 1.2%) u
mexpomatni kpon (5.1x0.6.%), HanGonbLumit cpeanelepHOANYCCKHUil panralbHbIl NPHPOCT. Tilia platyphylla Scop. nanbosee
YCTOHUMBA K OTPALATENIHBIM BIMSHAEM TOPOICKOH Cpellbl 1 nanGonee npuroana B ropoickom osenenenyil. Ilo ocnoprbiM
MOKA3aTeNIsiM MOHMTOPHHIA, B HAMXYAYLIEM COCTOSIHUN HAXOUHUTCS Tilia cordata Mill. co cpenneil neconunauneii (33.4+2.1%)
1 gexpomarmeil KpoH (9.2+1.5%) y4eTHbIX JepeBhCB, HAMMEHDIUINM CPCAHETICPHOMHIECKUM paauaTbHBIM ITPHPOCTOM.

Tpoananu3npoBaHa AMHAMUKA PANMATBLHOTO [IPUPOCTA JIMI M €€ 3aBUCHMOCTD OT METEOpOJIOTNYecK X TToKasaresiei,
M3ydeHbl TEHNEHLUMH CBs3eH BEJMYHH PajHaibHOrO NMPHPOCTA TOPOACKUX JIUIL U peponuauuu UX KpoH. AHaIH3HPYIOTCS
npuanHbl ¥ haKTOPBl OKPYKAIOWIEH CPeMibl, CNIOCOCCTBYIOMIE YXYAUMICHHIO COCTOAHMS TOPOACKHX JINIL. .

Kirouepbie €10Ba: MOHUTOPHHI, TOPOACKHE JIUTIDL, 39KOJIOTHYECKOE COCTOAHNE, ACHIPOXPOHOIIOIN.
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