HaykoBi npaui fliciBHnyoi akagemii Hayk Ykpainu, 2019, Bun. 19

5. 3SAXUCT NicCiB | MUCNIUBCbKE TrOCNOAAPCTBO

a\canemin A,
& Y, Hayxkogi nipari JliciBHr4oi akageMii Hayk Ykpaiau
: &@ 3 Proceedings of the Forestry Academy of Sciences of Ukraine

http://fasu.nltu.edu.ua ISSN 1991-606X print
https://doi.org/10.15421/411936 ISSN 2616-5015 online
Article received 2019.07.14 @ DA Correspondence author
Article accepted 2019.12.26 Valentyna Meshkova
Forestry Academy of Sciences Valentynameshkova@gmail.com
of Ukraine Pushkinska str., 86, Kharkiv, 61024, Ukraine
UDC 630.4

Silver birch health condition in the parks of Kharkiv
National Agrarian University named after V.V. Dokuchaev

V.L. Meshkova', Y.V. Koshelyaeva?, M.S. Kolienkina?

Recently health condition of silver birch (Betula pendula Roth.) stands worsens in the forest and ornamental stands.
1t is important to know the probability of its improvement or deterioration in particular stands to take the necessary
measures in time.

The aim of the research was to assess the trends in the health condition dynamics of silver birch stands depending on
their age class and the initial health condition of the trees. The research was carried out in 2015-2019 in the Silver birch
linear stands in two parks of Kharkiv National Agrarian University named after V. V. Dokuchaev (49°53 N, 36°27 ' E).
Five sample plots of the 3" age class are located in Veterans Park and the other 4 sample plots of the 5 age class — in
Arboretum of this University. For each inspected tree diameter at breast height (DBH) was measured in 2015 and 2019.
Crown defoliation and health condition class were visually assessed in July of each year. Health condition index (HCI)
was calculated as mean weighted from trees number of each category of health condition, separately for all living and
dead trees (HCI, ) and for living trees only (HCI, ). Tree mortality was expressed as a percentage of lost (dead) trees
for research period out of the total trees in 2015.

It was shown that the silver birch stands of the 3 age class didn’t change their health condition for 2015-2019 or
improved it. The stands of the 5" age class worsened their health condition in three sample plots and improved it in
one sample plot. Within each age class, the stands of lower diameter class had a worse health condition. Tree mortality
was registered in two out of five sample plots in the stands of the 3" age class and in three out of four sample plots in
the stands of the 5" age class. In the stands of the 5" age class the trees from the stands of the smallest diameter class
characterized by the highest mortality level (22.4%) and the worse health condition (HCI, ,=2.8).

In pooled sample of plots, the death probability for silver birch trees, which 4 years ago had the 1I*' class of health
condition is 3.5%, those of the 2" class have the death probability of 10.7%, the trees of the 3" class — 36.9%, those of
the 4" class — 84.6%. As for an initially weakened stand, its trees which 4 years ago had the 1%, the 2", the 3 or the 4"
health condition class, have the death probability of 5%, 18.5%, 33.3%, and 100% respectively.
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Thus, the weakened silver birch stand which contains trees of I — 3" classes of health condition is able to restore
condition to a healthy one, and the deterioration may be expected only for severely weakened trees (having 3™ class of
health condition in 2015). The weakened silver birch stand which has the trees of 1 — 4™ health condition classes is most

likely to weaken even more severely over 4 years.

Key words: age class; diameter (DBH), defoliation; health condition index for living trees (HCI, ), tree mortality;

death probability.

Introduction. Silver birch (Betula pendula Roth.) is
one of the most spread deciduous species in the forests,
field protective forest belts and ornamental stands.
Particularly in the forest fund of the State Agency of
Forest Resources of Ukraine birch stands are only 5.7 %
from the forest-covered area (General characteristics,
2016). Birch timber is used for pulp and paper, plywood,
sawmill, furniture, and also as firewood. Other parts
of birch trees are used in the pharmaceutical and food
industries (Ozolincius et al., 2016).

Global warming promotes an increase in the birch
proportion in boreal forests (Heimonen et al., 2015). At
the same time, due to climate change and anthropogenic
pressure, birch susceptibility to pests and pathogens
increases (Nguyen et al., 2017, Shvidenko et al., 2017,
Vindstad et al., 2019), particularly in the Forest-steppe
zone (Parkhomenko et al., 2013, Skrylnik et al., 2019)
and in Polissya (Goychuk et al., 2018).

The studies show the pathological birch mortality,
particularly among trees with a diameter of over 20
cm (Meshkova et al., 2018). In the forest stands of the
forest-steppe zone of Ukraine, the mean weighted age
class of silver birch was estimated as IV.8 in vegetative
stands and I'V.6 — in artificial seed stands. It was greater
for the northern part of the forest-steppe zone (V.1)
and less (I'V.6) for the southern part of it (Meshkova &
Koshelyaeva, 2019). Survival of pure and almost pure
stands is the lowest (Hytonen et al., 2013).

Tree health assessment and prediction is important
for forest management strategy in forest and urban
stands (Boeck et al.,, 2014, Bircher et al., 2015).
Particularly in urban stands, silver birch is under the
greater anthropogenic influence than in the forest due
to a higher temperature and traffic pollution (Tubby &
Webber, 2010, Hilbert et al., 2019, Klein et al., 2019).

Different approaches have been developed for
early detection of the first symptoms and signs of tree
weakening as well as for prediction tree mortality for
different tree species (Cailleret et al., 2016, Maleki &
Kiviste, 2016, Hiilsmann et al., 2017). For example,
on the base of seven years monitoring, the probability
of health condition change and mortality of Scots
pine (Pinus sylvestris L.) trees was evaluated with
considering forest site conditions, age and initial health
condition of the stands (Meshkova & Kolienkina,
2016). Our current research is based on five-year
monitoring data on the health condition of 450 birch
trees in urban stands.

Objects and methods. Object of research—the trends
in health condition dynamics for silver birch stands.
Subject of research — the trends in the health condition
dynamics of silver birch stands depending on their age
class and the initial health condition of the trees.

The aim of research was to assess the trends in
the health condition dynamics of silver birch stands
depending on their age class and the initial health
condition of the trees.

Research was carried out in 2015-2019 in the Silver
birch linear stands in two parks of Kharkiv National
Agrarian University named after V.V. Dokuchaev
(49°53° N, 36°27’ E). Five sample plots (SP 1 — SP 5)
of the 3™ age class are located in Veterans Park and the
other 4 sample plots (SP 6 — SP 9) of the 5™ age class in
Arboretum of this University (Tab. 1).

In each sample plot, from 15 to 156 trees were
represented.

For each inspected tree diameter at breast height
(DBH) was measured in 2015 and 2019. Crown
defoliation and health condition class were visually
assessed in July of each year.

Defoliation was assessed in per cents and converted
into ranges according to ICP monitoring score (Manual,
2010): 0 — 0-10% (defoliation is absent); 1 — 11-25 %
(slight defoliation); 2 — 2660 % — moderate defoliation;
3-61-99% — severe defoliation; 4 — 100 % — dead trees.

Category (class) of health condition for each tree
was evaluated on a range of visual characteristics
according to “Sanitary rules in the forests of Ukraine”
(Anonimous, 1995) by the following classes: 1% —
healthy; 2™ — weakened; 3™ — severely weakened;
4% — drying up; 5" — recently died; 6" — died over year
ago. Health condition index (HCI) was calculated as
mean weighted from trees number of each category of
health condition, separately for all living and dead trees
(HCI,_,) and for living trees only (HCI, ).

Tree mortality was expressed as a percentage of
lost (dead) trees for the research period out of the total
trees in 2015.

Normality tests, summary statistics, one-way
analysis of variance (ANOVA) with Mann—Whitney
U test with a significance level of p<0.05 (Atramentova
& Utevskaya, 2008) were performed using Microsoft
Excel applications and statistical software package
PAST: Paleontological Statistics Software Package for
Education and Data Analysis (Hammer et al., 2001).

Results and discussion. For four years, DBH
increased significantly at the sample plots SP 1-SP 3
and SP 5, and insignificantly at SP 4 and SP6-SP 9
(see Tab. 1). An average DBH of the 3™ age class trees
varied from 12.4 cm to 21.3 cm in 2015 and from 14.9
to 24.9 cm in 2019, and in both cases was the smallest
at SP 2 and the largest at SP 3. An average DBH of the
3 age class trees varied from 20.7 to 30.2 in 2015 and
from 21.9 to 30.9 in 2019, and in both cases was the
smallest at SP 9 and the largest at SP 7. An average
DBH of the 3 age class trees at SP 3, SP 4 and SP 5
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(the 3 age class) did not significantly differ from
that at SP 9 (the 5™ age class). Despite the significant
difference in age, the average DBH only at SP 1 and
SP 2 (age class 3) was significantly lower than that in
the remaining sample plots, and at SP 6 and SP 7 (age
class 5), it significantly exceeded the remaining sample
plots. This is due to the fact that the growth of trees in

diameter decreases with age, and most of all in stands
under adverse conditions or in weakened trees.

The trees in each sample plot are represented in a
rather wide range. This is due to the heterogeneity of
the growth conditions of the trees, as well as the fact
that sometimes after the dying of the main stem there
was a renewal of growth.

Table 1

The average diameter of silver birch trees in the sample plots (SP) in 2015 and 2019

Sample plot (age class)  Year of assessment Number of trees Mean DBH*£SE, cm**  Range of DBH, cm

SP 1 2015 25 16.9+1.08a 7.0-27.4
3) 2019 23 20.3+1.26b 7.2-32.1

SP2 2015 15 12.4+0.75a 8.0-17.8

3) 2019 15 14.9+0.83a 9.5-21.0
SP 3 2015 19 21.3+0.91bc 10.5-28.3
3) 2019 18 24.9+1.04¢ 13.1-33.1
SP 4 2015 16 19.2+1.11bc 12.7-28.3
3) 2019 16 21.7+1.19bc 14.3-30.9
SP 5 2015 35 19.6+0.80bc 9.9-29.9
3) 2019 35 22.4+0.86bc 13.1-34.7
SP 6 2015 57 26.8+0.56d 20.1-34.9
(%) 2019 57 28.4+0.61d 21.3-36.8
SP 7 2015 60 30.2+0.70e 16,9455
(%) 2019 58 30.9+0.70e 17.2-45.8
SP 8 2015 156 22.9+0.46bc 8.8-38.2
(%) 2019 127 24.2+0.51c 8.9-39.5

SP9 2015 67 20.7+0.74b 3.0-31.2
(5) 2019 52 21.9+0.86bc 4.5-32.1

Notes: * DBH — diameter at breast height;

**Means followed by different letters in each column are significantly different at the 95 % confidence level.

In the region of our research, no noticeable direct
defoliation of silver birch as a result of insect damage
was registered. Defoliation was mainly manifested as
increased transparency of the crown of weakened trees.

In sample plots in the stands of the 3™ age class,
defoliation rarely exceeded 1 point (at SP 1 in 2017
and 2018 it was 1.1 points), and the differences in this
parameter in 2015 and 2019 were insignificant (Tab. 2).
At SP 6, rather high defoliation was registered in 2015
(1.9 points) and a significant decrease in this parameter
to 0.5 points in 2019. For the remaining sample plots

in the stands of the 5™ age class over the years of
research, the defoliation score significantly increased
(to 1.5, 2.2 and 2.4 points for SP 7, SP 8 and SP 9,
respectively). An average health condition index HCI,
is calculated for both living and dead trees. Therefore,
at the high proportion of trees, which died over a year
ago, the impression is that the stands are in poor health
condition. In 2015 the health condition index show,
that the stands at SP 3-SP 5 were healthy (HCI <1.5),
and at other sample plots they were weakened. The
highest HCI, , was evaluated at SP 9 (2.1).

Table 2

The average defoliation score for silver birch trees in the sample plots (SP) in 2015-2019

Sample Defoliation score =SE Defoliation score change
plot 2015 2016 2017 2018 2019 for 2015-2019
1 2 3 4 5 6 7
SP 1 0.7+0.14bc 1.0+0.19b 1.1+0.14b 1.0+0.19bc 0.8+0.23a insignificant
SP 2 0.9+0.21c 0.6+0.19b 0.6£0.19a 0.5+0.13a 0.8+£0.22a insignificant
SP 3 0.4+0.11ab 0.9+0.22b 1.0£0.21b 0.9+£0.21b 0.7+0.23a insignificant
SP 4 0.3+0.11ab 0.3+£0.17a 0.3+£0.06a 0.2+0.10a 0.3+£0.12a insignificant
SP S 0.44+0.08b 0.6+0.14b 0.7+0.15a 0.7+0.11ab 0.4+0.10a insignificant
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Continuation of table 2

1 2 3 4 5 6 7
SP 6 1.9+0.11d 1.0+0.11b 0.9+0.08ab 1.0+0.08b 0.5+0.12a decreased (p<0.01)
SP 7 0.5+0.12a 1.0+£0.16b 1.3+0.13b 1.8+0.15¢ 1.5+0.13b increased (p<0.01)
SP 8 1.3£0.08c¢ 1.8+0.09¢ 1.8+0.08¢ 2.14+0.08c 2.240.09¢ increased (p<0.01)
SP9 1.3+£0.12¢ 1.9+£0.12¢ 2.0£0.11c¢ 1.9+0.12¢ 2.4+0.14c increased (p<0.01)

* Defoliation score: 0 — undamaged (up to 10 %); 1 — slightly damaged (11-25 %); 2 — moderately damaged (2660 %); 3 — severely damaged

(over 60 %); 4 — dead (Manual, 2010)

**Means followed by different letters in each column are significantly different at the 95 % confidence level (Mann-Whitney test)

During our studies (2015-2019) at SP 1 and SP 6,
the index of the health condition of silver birch stands
significantly decreased (from 1.8 to 1.4 and from 1.8 to
1.3 respectively) (Tab. 3).

In four plots (SP 2 — SP 5) the health condition
index changed slightly, and in three plots (SP 7 — SP 9)
increased significantly. In accordance with “Sanitary
rules in the forests of Ukraine” (Anonimous, 1995), in
2019 the stands at SP 1, and SP 3 — SP 6 should be

considered as healthy, at SP 2 and SP 7 as weakened, at
SP 8 as severely weakened, and at SP 9 as drying out.

If the health condition index is calculated only
taking into account living trees (HCI ), a real estimate
of the viability of the stands can be obtained. In 2015
by health condition index for living trees the stands at
SP 3 — SP 5 and SP 7 were healthy (HCI, ,<1.5), and at
other sample plots they were weakened. The highest
HCI, , was evaluated at SP9 (2.1) (Tab. 4).

Table 3

The average health condition index (HCI, ) for all silver birch trees in the sample plots (SP) in 2015-2019

Sample Health condition index (HCI, ) +SE * HCI, , change
plot 2015 2016 2017 2018 2019 for 2015-2019
SP 1 1.8+£0.18bc 1.5£0.18b 1.3£0.21a 1.5+£0.25ab 1.4+0.28a decreased (p<0.05)
SP2 1.7+0.23b 1.9+0.27bc 1.3+0.19ab 1.5+0.19ab 1.7+0.21b insignificant
SP3 1.4+0.14ab 1.7+0.19b 1.3+0.21a 1.4+0.27ab 1.3+0.26a insignificant
SP 4 1.1+0.06a 1.1£0.09a 1.1+0.09a 1.1£0.09a 1.1£0.06a insignificant
SP 5 1.2+0.07a 1.4+0.11b 1.1+£0.06a 1.1+0.07a 1.24+0.08a insignificant
SP 6 1.8+0.09¢ 1.5+0.08b 1.4+0.07b 1.6£0.11b 1.3£0.10a decreased (p<0.05)
SP 7 1.5+0.13ab 2.1£0.15¢ 1.7+0.16b 2.240.18¢c 2.3+0.18b increased (p<0.01)
SP 8 1.8+£0.07¢ 2.3+0.09¢ 2.2+0.11¢ 2.540.11d 2.8+0.12¢ increased (p<0.01)
SP9 2.1+0.11d 2.6+0.13d 2.5+0.16¢ 2.7+0.16d 3.5+0.17d increased (p<0.01)

* Health condition index (HCI ) considers all living and dead trees

**Means followed by different letters in each column are significantly different at the 95 % confidence level (Mann-Whitney test)

Table 4

The average health condition index (HCI, ) for living silver birch trees in the sample plots (SP)
in 2015-2019

Sample Health condition index (HCI, ,) +SE * HCI,, change

plot 2015 2016 2017 2018 2019 for 2015-2019
1 2 3 4 5 6 7

SP 1 1.8+0.18bc 1.4+0.12ab 1.1£0.08a 1.2+0.08a 1.0+£0.04a decreased (p<0.05)
SP2 1.7+0.23b 1.9+0.27bc 1.3+0.19ab 1.5+0.19a 1.740.21b insignificant
SP3 1.4+0.14ab 1.7+0.19bc 1.1£0.06a 1.2+0.09a 1.0£0.00a decreased (p<0.05)
SP 4 1.1+0.06a 1.1£0.09a 1.1+0.09a 1.1£0.09a 1.1£0.06a insignificant
SP 5 1.2+0.07a 1.4£0.11ab 1.1+0.06a 1.1£0.07a 1.2+0.08a insignificant
SP 6 1.8+0.09¢ 1.5+0.08b 1.4+0.07ab 1.6£0.11ab 1.3£0.10a decreased (p<0.05)
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Continuation of table 4

1 2 3 4 5 6 7
SP7 1.4+0.10ab 1.840.10bc 1.6+0.15b 1.94+0.11bc 1.8+0.08b increased (p<0.01)
SP 8 1.840.06¢ 2.1+0.08c 1.94+0.08¢c 2.2+0.07d 2.4+0.08c increased (p<0.01)
SP9 2.1+0.11d 2.4+0.11d 2.240.12¢ 2.3+0.11d 2.8+0.11d increased (p<0.01)

* Health condition index (HCI ) considers only living trees

**Means followed by different letters in each column are significantly different at the 95 % confidence level (Mann-Whitney test)

Over the years of research, HCI , significantly
decreased by SP 1, SP 3, SP 6, slightly changed by
SP 2, SP 4 and SP 5, and significantly increased by
SP 7 — SP 9 (see Tab. 4). In accordance with HCI ,
in 2019 the stands at SP 1, and SP 3 — SP 5 should
be considered as healthy, at SP 2, SP 7 and SP 8 as
weakened, and at SP 9 as severely weakened.

The final analysis of the health condition of silver
birch in the sample plots shows that the stands at
SP 1 and SP 6 have different age and diameter class
(Tab. 5). In both sample plots, the health condition of

trees has improved for the research period; however,
low mortality was registered in the youngest stand.
Therefore, the dynamics of HCI, , was almost similar,
and HCI , increased at SP 1 after removing the dead
trees.

The health condition of silver birch trees at SP 2 was
the worse among the sample plots with an insignificant
change of health condition (SP 3 — SP 5) for the whole
research period. It can be connected with the smallest
diameter class of silver birch trees at SP 2 comparing to
the other sample plots of the same age class.

Table 5
Summary information on health condition of silver birch stands in the sample plots (SP) in 2015-2019
Sample plot Age class Diameter Trend of HCI Heglth condition Mortality level
class, cm for 2015-2019* in 2019 ** up to 2019 ***
SP1 3 16 decreased healthy (1.0) low (8.0)
SP6 5 28 decreased healthy (1.3) absent (0)
SP2 3 12 not changed weakened (1.7) absent (0)
SP3 3 20 not changed healthy (1.0) low (5.3)
SP4 3 20 not changed healthy (1.1) absent (0)
SP5 3 20 not changed healthy (1.2) absent (0)
SP9 5 20 increased severely weakened (2.8) moderate (22.4)
SPS8 5 24 increased weakened (2.4) moderate (18.6)
SP7 5 30 increased weakened (1.8) low (3.3)

* Health condition index (HCI ) considers only living trees
*# HCI, in brackets
**% Mortality percent for 2015-2019 in brackets

Among these four sample plots with an insignificant
change of health condition, both health condition
indices (HCI,  and HCI ) stayed unchanged for the
whole research period at SP 2. These indices for silver
birch in other sample plots of this group had an increase
in 2016 and a decrease in 2017 with a subsequent slight
increase.

Silver birch trees at the sample plots SP 7 — SP 9
had the worse health condition among all sampling
plots. Both health condition indices (HCI, . and HCI )
increased for 2015-2019. In this group of sample plots,
the trees of the smallest diameter class (SP 9 — 20 cm)
characterized by the highest mortality level (22.4 %)
and HCI , (2.8), that is, were considered severely
weakened. As the diameter increases in this group
of sample plots, the values of both health condition
indices and mortality of trees decrease. However,

when comparing two sample plots with almost similar
diameter class (SP 6 and SP 7) we see large differences
in health condition indices (1.3 and 1.8 respectively),
health status (healthy and weakened respectively),
mortality level (absent and low respectively), as well as
in the trend of changes in health condition. The health
condition of silver birch at SP 6 trends to improve
(HCI decreases), and at SP 7 it trends to worsen (HCI
increases).

The data obtained show that when predicting
changes in the health condition of silver birch stands,
it is necessary to take into account the trend to
improvement or worsening the health condition of
individual trees in a certain group of stands.

So among all trees (SP 1 — SP 9), the healthy ones
were a little more than half (50.6 %) in 2015 and 39.9 %
in 2019 (Tab. 6).
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Table 6

Distribution of silver birch trees by health condition classes in 2019 depending on their health
condition in 2015

In 2019 **
In 2015* Distribution by health condition classes: | I
1 2 3 4 5 6 o e
All sample plots (SP1 — SP9)

1 50.6 52.6 30.7 12.3 0.9 0.9 2.6 1.6 1.7

2 333 333 20.0 28.7 7.3 4.0 6.7 2.1 2.5

3 12.6 17.5 8.8 22.8 14.0 8.8 28.1 2.5 3.7

4 2.9 0.0 0.0 0.0 15.4 7.7 76.9 4.0 5.6

5 0.7 0.0 0.0 0.0 0.0 0.0 100.0 - 6.0
Total 100.0 39.9 233 18.6 5.1 3.1 10.0 1.9 24

SP6 — decrease of health condition index for 2015-2019
1 36.8 81.0 14.3 4.8 0.0 0.0 0.0 1.2 1.2
2 49.1 85.7 7.1 7.1 0.0 0.0 0.0 1.2 1.2
3 14.0 62.5 12.5 0.0 25.0 0.0 0.0 1.9 1.9
4 _ _ _ _ _ _ _ _ _
Total 100.0 80.7 10.5 5.3 3.5 0.0 0.0 1.3 1.3
SP9 — increase of health condition index for 2015-2019

1 29.9 5.0 35.0 55.0 0.0 5.0 0.0 2.5 2.7
2 40.3 3.8 30.8 30.8 19.2 14.8 3.7 2.8 32

3 22.4 0.0 0.0 40.0 26.7 13.3 20.0 3.4 4.1
4 7.5 0.0 0.0 0.0 0.0 0.0 100.0 - -
Total 100.0 3.0 22.7 37.9 13.6 10.4 13.4 2.8 3.5

Note: * — proportion of trees from total amount in 2015; ** — proportion of trees from total amount in 2019.

From trees of the 1* class of health condition in
2015, for 4 years 52.6% didn’t change health condi-
tion class, 43 % changed it to 2"-3" class and 4.4 %
changed it to 4"—6™ health condition class. From trees
of the 2" health condition class in 2015, 33.3% im-
proved their health condition to the 1% class, 20% of
trees didn’t change it, and the rest worsened. Among
the trees of the 3™ class of health condition in 2015,
26.3% improved their health condition, 22.8 % stayed
without changes, and 50.9 % worsened.

In general, within the range of 1-3 classes of health
condition in 2015 this parameter in 2019 varied only
within these classes. Trees of the 4" class did not
change health condition (7.7 %) or died. The probabil-
ity of death for the tree in each successive class tends
to increase.

The dependence of tree mortality in 2019 on the
health condition index in 2015 is described by quadrat-
ic equation (Fig.).

However, it is difficult to clearly predict changes in
health condition for all silver birch stands. For example,
silver bitch stands at SP 6 and SP 7 have a close diameter
class (28 and 30 cm at SP 6 and SP 7, respectively)
and are of the fifth age class, which is known to be
the age of significant deterioration of silver birch in the

forest stands of the region (Meshkova & Koshelyaeva,
2019). In 2015-2019 the health condition of silver birch
improves at SP 6 and worsens at SP 7 (see Tab. 5).

Another pair of stands has the same age and
different diameter classes (28 and 20 cm at SP 6 and
SP 9, respectively). For 2015-2019 the health condition
of silver birch stand has improved at SP6 and worsened
at SP9.

—_
(=3
S

A o
(= N =]

[
(=]

Probability of dying, %

(=]

Health condition class

Probability of dying, % = = -Trend (Probability of dying)

Figure. Probability of silver birch dying depending
on the initial tree condition (General sample of 451 trees:
Y =10.15x*> - 23.82X + 17.3, where Y — probability of
dying; X — health condition class; R*= 0.99)
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So at SP 6 in 2015 there were trees of only 1-3
classes of forest health condition (see Tab. 6), and in
2019 there were also trees of the 4" class of health
condition. Since there were no dead trees, the values
of both health condition indices (HCI e and HCI, )
were the same in 2015 (1.8) and in 2019 (1. 3). Most
of the trees of the 1% health condition class in 2015
(81 %) didn’t change it by 2019. From the trees of the
2" health condition class in 2015, 85.7 % improved it
up to the 2™ class of health condition. From the trees
of the 3 health condition class in 2015, 62.5% have
improved their health condition up to the 1% (62.5%)
and 2™ (12.5 %) health condition class, and 25 % trees
have worsened it up to the 4" class of health condition.
In total, the trees of the 4™ health condition class are
only 3.5% from all trees in the stand and are able to
improve or to worsen their health condition depending
on environmental conditions.

At SP 9 the health condition index HCI,  increased
for 2015-2019 from 2.1 to 3.4, and health condition
index for living trees (HCI ) 1ncreased from 2.1 to
2.8, respectively. In 2015, the trees of the 1%t — 4" health
condition classes were represented in the plot with the
dominance of weakened trees (40.3 % trees of the 2™
class of health condition).

Almost all trees of the 1% health condition class
(95%) in 2015 have worsened their health condition
up to the 2™ and 3 class (35 and 55 %, respectively),
and 5% of trees have died. Among all trees of the
2" health condition class (95 %) in 2015, only 3.8 %
improved their condition, 30.8 % didn’t change it, and
the rest trees died (in 2019 14.8 and 3.7 % trees had 5™
and 6" health condition class). None of the trees with
the 3™ health condition class in 2015 improved it in
2018, 40% of trees didn’t change it, and the rest trees
worsened it. All trees of the 4™ health condition class
were dead by 2019.

Analysis of the pooled silver birch tree sample shows
that the probability of death by 2019 is 2.6+0.9=3.5%
for trees, which had the 1 health condition class in
2015. In the healthy stand like SP 6 without drying
trees, this probability is 0%, and in the weakened stand
(HCIH_Z 5)itis 5%.

The probability of death by 2019 for silver birch
tree of the 2™ health condition class in 2015 is 10.7 %
for the pooled sample. It is 0% in a healthy stand and
14.8+3.7=18.5% in a weakened stand. The probability
of death by 2019 for a silver birch tree of the 3 health
condition class in 2015 is 36.9 %. It is 0% in a healthy
stand and 20+13.3=33.3 % for a weakened stand. The
probability of death by 2019 for a silver birch tree
of the 4™ health condition class in 2015 is 84.6 % for
pooled sample, and 100 % — in a weakened stand (see
Tab. 6).

Thus, the weakened silver birch stand which contains
trees of 1%-3 classes of health condition is able to
restore condition to a healthy one, and the deterioration
may be expected only for severely weakened trees
(having 3 class of health condition in 2015).

At the same time, the weakened silver birch stand
which has the trees of the 1**— 4" health condition

classes is most likely to weaken even more severely
over 4 years.

Conclusions. Silver birch stands of the 3™ age
class didn’t change their health condition for 2015-
2019 or improved it. The stands of the 5" age class
worsened their health condition in three sample plots
and improved it in one sample plot.

Within each age class, the stands of lower diameter
class had a worse health condition. Tree mortality was
registered in two out of five sample plots in the stands
of the 3 age class and in three out of four sample
plots in the stands of the 5% age class. In the stands
of the 5% age class the trees from the stands of the
smallest diameter class characterized by the highest
mortality level (22.4 %) and the worse health condition
(HCI ,=2.8).

In pooled sample of plots, the death probability for
silver birch trees, which 4 years ago had the 1% class of
health condition is 3.5 %, those of the 2™ class have the
death probability of 10.7 %, the trees of the 3™ class —
36.9 %, those of the 4™ class — 84.6 %. As for an initially
weakened stand, its trees which 4 years ago had the 1%,
the 2™, the 3" or the 4™ health condition class, have
the death probability of 5%, 18.5%, 33.3 %, and 100 %
respectively.

Thus, the weakened silver birch stand which contains
trees of 1% — 3" classes of health condition is able to
restore condition to a healthy one, and the deterioration
may be expected only for severely weakened trees
(having initially the 3™ class of health condition). The
weakened silver birch stand which has the trees of 1% —
4™ health condition classes is most likely to weaken
even more severely over 4 years.
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CaHiTapHu® cTaH 6epe3n noBucnoiy
AeHaponapKy XapKiBCbKOro HalioHafnbHOro
arpapHoro yHiBepcutety im. B. B. [lokyuya€eBa

B.J1. Mewkosa', 1. B. Kowenaesa?, M. C. KoneHkiHa®

OcTraHHIM 4YacoM caHiTapHH CTaH Oepe3u MOBU-
cnoi (Betula pendula Roth.) moripuryerbes y JTiCOBHX i
JIEKOpaTUBHUX HacaKeHHIX. BaxymBo 3HaTH HMOBIp-
HICTh TOTIpHICHHS a00 MOKpAalIeHHS CTaHy OKPEMHUX
HacaHKEHb, 11100 BYACHO B)KUTH HEOOX1IHI 3aXO0H.

Meta nociipkeHb ToJsATajia B OIIHIOBaHHI TEH-
JICHIIIM 3MIHU CaHITAPHOTO CTaHy HAaca/KeHb Oepesn
MOBUCIIOT 3aJIE)KHO BiJl KJIacy BiKy Ta IOYaTKOBOTO
CaHITapHOTO CTaHy JepeB. JlocimimkeHHs 31midicHEeH]
BripogoBxk 2015-2019 pp. y diHIMHHX HacaKEHHSIX
Oepe3n MOBHUCIIO] Y JIBOX MapKax XapKiBCHKOTO HAIlio-
HaJILHOTO arpapHoro yHiBepcutety iM. B. B. Jlokyuae-
Ba (49°53’ mu.m1., 36°27° cx.a.). IT’s1h IpoOHUX TIITOIT
i3 HacapkerHsmH 111 kmacy BiKy po3raroBaHi y mapky
BerepaniB, a yotupu poOHI TUIOIII 3 HACAJKCHHSIMU
V xyacy Biky — y JleHapormapKy mboro K YHIBEPCHUTETY.

BumiproBanu giameTp KOXKHOTO JiepeBa Ha BUCOTI
1,3 my 2015 ta 2019 pp. Hdedomniamiro KpoH i karero-
pIif0 CaHITAPHOTO CTAHY OIHIOBAJIH Bi3yallbHO Y JIHII-
Hi KO)KHOTO POKY. [HAEKC caHITapHOTO CTaHy KOXKHOTO
HacaJDKEHHsI PO3PaxOBYBAJIU SIK CEPEHE 3BaXKCHE Bij
KITBKOCTI JIepeB KOXHOI KaTeropii caHiTapHOTO CTaHy,
OKpEMO 3 ypaxyBaHHSIM yCiX >KUBHX 1 MEPTBHUX JCpEB
(HCIFG) 1 JIUIIIE )KUBHX JIEPEB (HCI1 4). Binnag nepes
BUpPaXKalli Y BiJICOTKax BTpaYeHUX (3aru0iamnx) 0CoOnH
3a Mmepion JOCIIKEHB JI0 3arabHOI KITBKOCTI JIEPEB Y
2015 poui.

BcranoBneHo, mo HacaJkeHHS Oepe3d MOBUCIOL
III xmacy Biky He 3MIHWJIM CaHITAPHOTO CTaHy BIIPO-
noBx 2015-2019 pp. abo nominmmim ioro. Hacamken-
Hs1 V KJ1acy BiKy MOTIPIIMIIHA CaHITAPHUHA CTaH Ha TPHOX
MPOOHMX TUTOMIAX 1 MO — Ha OIHIN. Y Mexax
KOKHOTO KJIacy BiKy HacaJpKEHHsI MEHIIOI CepeaHbOl
CTyNeHI TOBIIMHU MajH TIipIIMA CcaHITapHUN CTaH.
Bignan nepeB 3apeecTpoBaHO Ha JBOX 13 I'SITH IPO-
Onux monr y HacajkeHnHsx Il kimacy BiKky i Ha TpbOX
13 9OTUPHOX MPOOHUX IO — y HACAIDKEHHAX V Ki1acy
BiKy. Y Haca/KeHHSX V Kilacy BiKy AepeBa HaliMeHIIO-
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TO JiaMeTpa XapaKTepU3yBaIUCSI HAHOUIBIINM PiBHEM
Bignany (22,4%) Ta HaWTipmIUM CaHITapHUM CTaHOM
(HCI, ,=2,8).

3aramoM Ha BCiX NTPOOHHX IUIOMIAX IMOBIPHICTH
BiJimaay JepeB Oepe3u moBucIoi, mo mamu y 2015 p.
I kareropiro caHITapHOTrO CTaHy, CTaHOBHUTH 3,5 %,
II xareropiro — 10,7 %, III kxareropito — 36,9%, a IV
kareropito — 84,6 %. Y Haca[KeHHSX, OCIaOeHUX Y
2015 p., AMOBIpPHICTH BiANaAy IEPEB, 110 MAJIH YOTHPH
poxu Tomy I, 11, Il i IV xareropii canirapHoro crany,
cta”HoBuTh 5; 18.5; 33,3 Ta 100 % BiAMmOBigHO.

TakuM 4yuHOM, OcCaONeHi Oepe30Bi Haca/KEHHS,
aki mictate aepesa [-111 kareropiii caniTapHOTO CTaHy,
CIPOMOXHI BiTHOBUTUCH JIO0 CTaHy «3A0pOBHX». [lo-
TIpIIEHHA CTaHy OYIKYETHCA IS CHIBHO OCIIabJIeHHX
nepeB (III kareropii crany y 2015 p.). Ocnabiene Ge-
pe3oBe HacajpkeHHs, ke mano y 2015 p. nepesa [-IV
KaTeropiii caHITapHOTO CTaHy, OCIA0UTHCS 1€ OibIe
Yyepe3 YOTUPH POKH.

Knrouosi crosa: xnac Biky, niamerp (DBH); nedo-
Jaris; iHIeKC CaHITapHOTO CTaHy, BH3HAUYEHWN IS
xurresnarux aepes (HCI, ); Bianman nepes; imoBip-
HICTb BiAmamy.

CaHuTapHoOe cocTofaHue 6epesbl
noBucnon B AeHaponapke XapbKOBCKOro
HaLVOHaNbHOrO arpapHOro yHuBepcurteta
um. B.B. [lokyyaeBa

B.J1. MewkoBa', A.B. Kowensaesa? M. C. KoneHknHa?

B nocneinee BpeMst CAaHUTApHOE COCTOSTHHIE Oepe3bl
noBucionn (Betula pendula Roth.) yxymmaercs B
JIECHBIX U JICKOPATHBHBIX HACAKIACHHIX. BakHO 3HATH
BEPOSITHOCTD YXY/IICHHUS MW YIYYIICHUS COCTOSHHS
OTAETBHBIX HACAKICHUM, YTOOBI BOBpPEMs TPUHSATH
HEOOXOIUMEBIE MEPHI.

[enbio McclenoBaHuil OblTa OlEHKA TEHIACHI[UI
M3MEHEHHUS CaHHUTAPHOTO COCTOSHMSI —HACAKICHHIM
Oepe3bl OBUCIION B 3aBHCUMOCTH OT KJIacca BO3pacTa
W HAYaJILHOTO CAHUTAPHOTO COCTOSHUS JepeBbeB. Mc-

Mewrosa Banenmuna Jlbeosna — axageMuk JlecHOW akameMuu
HayK YKpauHbI, JOKTOP CEIbCKOX035HCTBEHHBIX HayK, Ipodeccop,
VKpauHCKU# Hay4HO-HCCIIEOBATEILCKUI UHCTUTYT JIECHOTO XO-
3stiicTBa U arposiecomenuopanun um. I. H. Breicoukoro, yi. ITym-
KHHCKas, 86, XappkoB, 61024, Ykpanna. Ten.: +38(097)371-94-58.
E-mail: Valentynameshkova@gmail.com ORCID: https:// orcid.
org/0000-0001-6483-2736

Kowenseea HAna Buxmopoena — actupanT, XapbKOBCKUI HalMo-
HaJbHBIA arpapHblii yHuBepcuteT M. B.B. Jloky4aeBa, 62483,
XapbKoBcKasi 001acTh, XapbKOBCKUI paiioH, «JlokydaeBckoe—2»,
Vrpauna. Ten.: +38(099)131-45-28. E-mail: yanal20783@i.ua

Konenxuna Mapuna Cepeeesna — KaHIUAAT CEIbCKOXO3SHCTBEH-
HBIX HAyK, JOLUCHT Kaeaphl JIECHOTO M CaJ0BO-IIAPKOBOIO XO-
3stiicTBa  XapbKOBCKOTO HAIMOHAIBHOTO YHHBEPCHTETA TOPOJ-
ckoro xo3siictBa um. A.H. bexeroa, yn. Mapmana baxanosa,
17, XapbkoB, 61002, Ykpauna. Tel. +38(067)696-62-04. E-mail:
kolenkinamarina@gmail.com ORCID: https://orcid.org/0000-
0002-5612-0947

152 B.Jl. Mewkoga, . B. Kowenaesa, M. C. Konenkina. CaHiTapHuii cTan 6epe3n noBucnoi y seHaponapky XapkiBcbKoro HalioHanbHoro...



Proceedings of the Forestry Academy of Sciences of Ukraine, 2019, vol. 19

cienoBanus npoBeneHsl B 2015-2019 rr. B TUHEHHBIX
HacaXICHUSIX Oepe3bl MOBUCION B ABYX MapKax Xapb-
KOBCKOTO HAIlMOHAJBHOTO arpapHOro YyHHBEpPCHUTETa
uM. B.B. JlokydaeBa (49°53' c.m., 36°27' B.1.). IlaTh
npoOHBIX TuIomaAei B HacaxaeHusx Il kmacca Bo3-
pacTta pacrojioxeHbl B mapke BerepaHoB, a ueTsipe
npoOHbIE IUIOIAAN B HACAXKICHUAX V Kiacca Bo3pac-
Ta — B JIeHIponapke 3TOro K€ YHUBEPCUTETA.

Wsmepstnn auaMeTp KakJOro JepeBa Ha BBICOTE
1,3 M B 2015 1 2019 . ledhonmanuro KpoH U KaTrero-
PHIO CAHUTAPHOTO COCTOSHUS OLIEHUBAIM BU3YaJIbHO B
MIONe KaK70ro rofa. MHmeke canunTapHOro COCTOSHUS
Ka)KJI0T0 HACAXKICHUS PACCUUTHIBAIN KaK CPEIHEB3BE-
IIIEHHOE OT KOJIMYECTBA JEPEBbEB Ka)KJOW KaTeropuu
CAaHUTAPHOTO COCTOSIHHUS, OTHENIBHO C YYE€TOM BCEX
KUBBIX U MePTBBIX nepeBbeB (HCI ) n b KuBbIX
nepesbes (HCI, ). Otnan nepeBbeB BhIpaXkaiu B IPO-
LEHTaX yTpadeHHBIX (MOrHOIIMX) ocoleil 3a mephosn
UCCIIIOBAaHUM OT OOLIEro KOJIMYeCcTBa EPEBHEB B
2015 rony.

[Tokazano, 4to HacaxaeHus Oepe3bl mosucioit 11
KJjlacca BO3pacTa He M3MEHWIN CAaHHUTAPHOTO COCTOS-
Hus B nepuox 2015-2019 rr. unm ymyummnu ero. Ha-
caxkieHus V Kiacca Bo3pacTa yXyAUIMIN CaHUTapHOe
COCTOSIHME Ha TpeX MPOOHBIX IUIOMWIAJSAX U YIIyUIIWINA
Ha OfiHOM. B mpenenax kakaoro kiacca Bo3pacTa Ha-
CaXX/IEHUSI MEHbINIE CPEeTHEeHN CTYyNeHU TOJIIHWHBI UMe-
JM Xy[uiee caHuTapHoe coctosiHue. OTHan nepeBbeB
3aperucTpUpOBaH Ha JABYX U3 ISTH NPOOHBIX ILIOIIA-

neit B HacaxaeHusx 11l kimacca Bo3pacta u Ha Tpex U3
YeThIpex MPOOHBIX TUIOUIAeH B HacaXIeHHIX V Kiac-
ca Bo3pacrta. B Hacaxxnenusix V kinacca Bo3pacra Jie-
PEeBbs HAMMEHBIIIETO AaMeTpa B HaCaXKISHHUIX XapaK-
TEPU30BAIMCHh HAUOOJIBIIUM ypoBHeM oTnana (22,4 %)
1 HauXyJmuM canuTapaeiv cocrosauem (HCI ,=2,8).

B coBokymHOCTH BCcex JiepeBbhEeB Ha BCeX MPOOHBIX
TUIOMIA/IIX BEPOSITHOCTh OTIa/ia JEepEeBbEB Oepesbl
noBucnoil, umeBmux B 2015 1. I kareropuro canu-
TapHOTO COCTOSHHSI, cocTaBisieT 3,5 %, mmenmux 11
kareroputo, — 10,7 %, III kareroputo — 36,9%, a IV
kareroputo — 84,6 %. B HacaxaeHUAX, 0CIIa0ICHHBIX
B 2015 roxay, BEeposITHOCTH OTIAJ1a IEPEBbEB, UMEBIIINX
yetslpe roga Hazan I, I, III u IV kareroputo canurap-
HOI'0 COCTOsIHMS, cocTapisier 5, 18,5, 33,3 u 100% co-
OTBETCTBEHHO.

Takum oOpazom, ociiabieHHbIe Oepe30BbIe HacakK-
JeHusi, copepxamue aepesbs [-III kareropuii canu-
TapHOTO COCTOSIHHSA, CITIOCOOHBI BOCCTAaHOBUTHCS 0
COCTOSIHHS «3JIOPOBBIXY». YXY/IIIIEHHE COCTOSHUS OXKHU-
JaeTcsl U CHIIBHO OCJIa0JICHHBIX JICPEBhEB (MMEBIIHX
III xareropuro cocrostaus B 2015 1.). OcnmadmenHoe Oe-
pe3oBoe HacaxaeHue, conepxamiee B 2015 . nepeBbs
I-IV xareropuii caHUTapHOTO COCTOSTHHS, OCIaOUTCS
emie OopIe yepes 4 roma.

KiroueBble ciioBa: Kjacc Bo3pacTa, IUaMETP
(DBH); nedonuanus; WHAEKC CAHUTAPHOTO COCTOS-
HUSI, OTIPENEICHHBIN IS )KU3HECTIOCOOHBIX JepEBhEB
(HCI, _,); otniaz nepeBbeB; BEPOATHOCTD OTNA/A.
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